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Is there a gap in your bookcase? Until now, there hasn’t 
been a dictionary devoted exclusively to the history of 
scientific ideas. And however you are involved in 
today’s scientific world, you will agree that your 
present work and scientific attitudes are inevitably 
influenced by and built on those from the past. 


Science and its key doctrines — from quantum theory to 
-genetics — are central to the modern world; yet daily it 
changes and develops, becomes more technical and 
diverse. What is needed is a reference book that enables 
you not only to master the past but also to keep you in 
touch with the theories underlying the most recent 
scientific and technological developments. 


The Dictionary of the History of Science fills the gap. 


Authoritative 

-itis the work of three editors: W.E Bynum, E.J. Browne 
and Roy Porter; of ten subject editors ~ including 
Michael Hoskin, Richard Burkhardt, William Brock, 
Steven Shapin, Roger Smith, Eric Aiton, Roy Bhaskar, 
John Heilbron ~and over 90 contributors, all 
authorities in their field. It explains the core features of 
Western science and their development. 700 entries, 
alphabetically arranged, cover such fields as 
astronomy, biology, chemistry and earth sciences, the 
historiography, philosophy and sociology of science; 


human sciences, mathematics, medicine and physics. 


Substantial concepts such as Evolution and Light are 
given generous entries, while more specialized sub- 
areas like Neo-Darwinism and Light Velocity are 


allocated smaller amounts of space. All are cross- 


referenced back and forth. 


Comprehensive 

Although the Dictionary is principally concerned with 
the Western scientific tradition of the last 500 years, it 
touches, too, on the central scientific ideas of classical 
and medieval times, and of other cultures. In addition, 





it features such topics as the development of technology — 
and clinical medicine, and of important scientific es 
instruments like the astrolabe and the thermometer. 


Our understanding of the processes of scientific 
discovery and change is often controversial. But 
however you view them, it is important that you have 
easy access to all the ideas you are building on today, in 
the most scholarly, up-to-date and comprehensive 
detail. 


If you are searching for the missing link, the Dictionary 
of the History of Science is your natural selection. At 
this special price to subscribers to Nature, it must be! 


Price: £14 (Published price: £17.50) 
496 pages: 234 x 156 mm.: 700 entries: bibliographies: 
biographical index: ISBN 0 333 29316 9 
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eHow Britain 


runs its Science 
eHow the US 
runs its Science 


These two new Nature 
wallicharts are now 


available. 


The 2 x 3 ft. guides offer a 
comprehensive survey of the 
administration of science in 
Britain and the US, showing the 
interlocking relationship 
between science, engineering and 
medical establishments. 
Designed as fold-out sheets, the 
wailcharts can be carried easily to 
meetings or hung as posters for 
permanent reference. 


The new 1981 wallcharts are 
available at £3.50 or $7.95 each 
from Nature’s offices in London, 


Basingstoke and New York. 

Annual Subscription including Index (51 issues) 
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Let's face it. A machine that is used to pro- 
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terms of RPM. It’s somewhat like a car with- 
out a speedometer or odometer. 
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displayed G x minute parameter gives you a 
direct readout of the entire centrifugal field 
applied during the run, enabling straightfor- 
ward experimental replication. 

The MICRO-25’s computer and its many 
operational and computational features are 
just part of the story. There are significant 
mechanical innovations as well. Like a speed 
control system with + 5 RPM accuracy. 

And an infrared temperature detector that 
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enables rotor temperature control to + 0.5°C. 
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Reagan’s mistake on Soviet sanctions 


The US Administration, seeking to punish the Soviet Union for what is happening in Poland 
by suspending an exchange agreement, has revealed its ignorance of what science ts for. 


Towards the end of the Napoleonic wars, Sir Humphry Davy 
went on a journey on the European mainland untrammelled by 
the circumstance that Britain was literally at war with France (and 
that most other European states were at war with at least one 
other) The journey, frequently described as an illustration of 
how even then the international interests of science took 
precedence over international politics, 1s made still more pointed 
by the knowledge that Davy was combining business with 
pleasure — his honeymoon Personal travel and national 
hostilities were, 1t seems, independent of each other Now all that 
has changed President Ronald Reagan’s suspension last week of 
the exchange agreement between the United States and the Soviet 
Union, part of his programme of sanctions against the Soviet 
Union ın response to the supposed Soviet support of martial law 
in Poland, will effectively put latter-day Davys in their place It 1s 
also a stupid and a dangerous move It should be quietly 
abandoned 

Programmes of economic and cultural sanctions have been 
frequently tested in the years since the Second World War, and 
have as frequently been found wanting The best thing to be said 
about them 1s that they are less damaging than outright warfare 
They are also, usually, ineffectual, as President Carter found 
after Afghanistan On this occasion, the difference of opinion 
between some Western European governments and the United 
States on the wisdom of sanctions as a means of interdiction will 
further undermine what President Reagan can hope to achieve — 
which by all accounts (see page 3) is notin any case very much Itis 
however clear that neither he nor his advisers appreciate the 
enormity of including within a set of sanctions the suspension of a 
Jongstanding programme for the exchange of academic scientists 
between one country and another 

This ıs why Open warfare is a means by which one nation state 
can legitimately (pace the pacifists) enforce 1ts will on another 
Even nations that unfashionably declare war on others usually 
express their hope that in due course all will again be sweetness 
and light Programmes of sanctions, damage-limiting though 
they may be, also anticipate the earlier return of normalcy So 
sanctions should be designed to maximize the short-term damage 
done but to create as few impediments as possible for the 
hopefully happy years ahead Denying the Soviet Union the nght 
to buy pipe-laying machines ın Texas ıs unambiguously ın the 
former category, suspending the exchange agreements 
unfortunately ın the latter 

That there should have to be formal schemes for enabling 
scientists from one country to work, if they wish, ın laboratories 
in another 1s, of course, in 1tself a mark of failure If Dr X should 
wish to work ın Dr Y’s laboratory and Dr Y should be agreeable, 
and if one or other should be able to find the necessary funds, why 
should governments be involved? People like Mr Frank Carlucci, 
Deputy Secretary at the Pentagon, think they know why not if Dr 
X 1S a Soviet citizen, he will be part of a ‘‘highly orchestrated, 
centrally directed’’ effort to pick the brains of unsuspecting 
American scientists Mr Carlucci ıs naturally nght to say that 
Soviet participants in the bilateral exchange agreement benefit 
from their visits to the United States, and are afterwards 
potentially more useful as applied scientists, sometimes ın 
military programmes But 1s there any evidence that their 
American hosts, the Dr Ys of this world, are entirely without 
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benetit? If so, the exchange programme has been 
maladmuinistered — visitors have been foisted on unwilling hosts 
If not, Mr Carlucci should embark on what would be called an 
evaluation of the benefits and disbenefits of the exchange 
programme He would come to two conclusions — first, that the 
total benefit from mutually sought exchanges for the research 
enterprise 1s greater than the sum of the individual benefits and, 
second, that his government’s proper course of action, as a 
signatory of the Helsinki accords, 1s to insist that the then 
agreement, at least in principle, that people should be more or less 
free to move to where their inclinations take them, should be 
honoured 

That, unfortunately, will seem too abstract a course to the 
Reagans and Carluccis of this world The Soviets are benefiting, 
and must be prevented from doing so, they willsay And we know 
that Helsinki doesn’t work, don’t we? That, of course 1s true, 
even 1f the statement of the truth comes oddly from the inheritors 
of those who negotiated the agreement But the reasons why 
Helsinki has failed in respect of scientific exchanges need more 
careful consideration The objective now should be to restore 
some semblance of the /aissez-faire of Humphry Davy’s time The 
only way of doing that is to shift responsibility for the 
administration of exchanges from the State Department (and the 
Pentagon) to some convenient halfway house such as the National 
Academy of Sciences That stratagem has been adopted 
elsewhere, even in backward Britain Perhaps the time has come 
when the National Academy of Sciences in Washington should 
insist that no other body, not even the State Department, can do 
what ıs required If necessary, ıt should be prepared to raise the 
funds required privately, from the foundations and from 
industry 


More change now due 


Reform of the British research council system 
is overdue. Does the government have time? 


The British government has mostly done the decent thing ın 1ts 
dealings with the publicly-supported research councils Broadly 
speaking, their budgets for the financial year beginning on 1 April 
are unchanged (see page 4) So the Prime Minister will be able to 
tell the Bntish electorate at the next general election, some time 
before 3 May 1984, that she has ‘‘protected’’ publicly-supported 
civil science from damaging economies On present form, the 
government may have very little else to boast about at the end of 
whats almost certainly its last full financial year ın office But this 
is not a vote-catching issue Thus the government’s generosity 
towards the research councils — a curious description of a recipe 
for continued stagnation, but appropriate ın the circumstances — 
must be taken as deliberate W4ll ıt therefore, in the remainder of 
its time in office, put ın hand the structural reforms of the 
mechanisms for supporting the five research councils that are now 
long overdue? 

The research councils are inevitably a mixed bunch But even 
those with responsibilities for fostering basic research 1n fields 
such as medicine or agriculture are important sources of support 
for university research The Science and Engineering Research 
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Council, on the other hand, although enjoined to support 
academic research, has for the past decade been flirting with ways 
of making university research more directly relevant to British 
industry On the grounds that all of the councils have a finger in 
the university pie, their funds are channelled through the 
Department of Education and Science, but the total sum available 
each year has for the past decade been divided between the various 
councils on the recommendation of the Advisory Board for the 
Research Councils Even when this mechanism was established, 
in the wake of the Rothschild reorganization ın 1971, ıt was feared 
that the board, on which the executive officers of the research 
councils are necessarily influential, would become an arid device 
for sharing out funds in such a way as not to give too much 
offence So ıt has turned out 

The advisory board 1s thus an obvious candidate for change 
But how? There is much to be said for the recipe offered last 
November by the House of Lords Select Committee on Science 
and Technology — appoint a full-time chairman, give him (or 
her) a small staff and require the board to comment on the policy 
questions that now go largely by default Under such an 
arrangement, the chairman of the board would become what the 
Department of Education and Science now conspicuously lacks 
— a chief scientist of a kind These proposals have the advantage 
that they could be put into effect without much trouble They 
would also be improvements The government should listen to 
what the House of Lords has said, and quickly 

There are, however, snags The reform of the Advisory Board 
for the Research Councils along the lines suggested by the House 
of Lords committee would leave untouched the habitual secrecy 
of advisory bodies working for British government departments 
The theory ıs simple, advisory bodies exist to give advice which 
ministers may, at their pleasure, decline And, the argument goes, 
it would be unseemly, cramping and politically irksome if the 
rejection by a minister of an advisory committee’s advice were 
publicly advertised But this 1s precisely what has happened with 
this year’s advice on the research council budgets The decision 
that the budget of the Social Science Research Council should be 
reduced by £1 1 million (just over 5 per cent) was taken by Sir 
Keith Joseph, the Secretary of State for Education and Science, 1n 
flat contradiction of the recommendation of the Advisory Board 
for the Research Councils No explanation has been given, so that 
there 1s no way of telling whether the minister’s fiat reflects the 
fashionable animus against the social sciences or whether there 
were — as there might well have been — more substantial grounds 
for his decision Whatever the truth, the minister 1s likely to be 
more seriously damaged by the gossip that will now flourish than 
he would have been by an open discussion of his reasons Secrecy, 
it seems, hurts even those whom ıt 1s intended to protect 

The case of the Social Science Research Council illustrates 
another weakness of the present system The council was set up 
nearly twenty years ago to foster academic research ın the social 
sciences Throughout that period, it has struggled hard to 
establish academic centres of excellence in the face of open 
hostility from its enemies and, more disarming, the wayward 
kookiness of some of its friends On the grounds of youth, ıt was 
exempted from Lord Rothschild’s recommendation ın 1971 that 
government departments should pay for the cost of applied 
research supported by the research councils Since then, the Social 
Science Research Council has been complaining that government 
departments are too fond of stealing its clothes by commissioning 
basic research from their own resources Now, ironically, there 1s 
to be another inquiry by Lord Rothschild into the application of 
the customer—contractor principle in this field, one result may be 
to reconcile the advisory board with 1ts minister 

What will remain undecided are the questions tha: the advisory 
board should have had the wit to take up several years ago — 18a 
research council the best mechanism for fostering the social 
sciences? what criteria of excellence make sense? and what, in any 
case, is to be made of the peculiarly British sneer that what are 
called the social sciences are not science? It 1s easy to understand 
why the advisory board would have shrunk from such an investi- 
gation, if the precedent were established that the constitution of 
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the newest research council might be questioned, who could then 
ensure that the well-established councils were free from scrutiny? 
The advisory board, ın other words, ıs undermined by 
backscratching which 1s then strengthened by the convention of 
secrecy 

The habit of secrecy 1s not merely damaging to all those 
concerned but also inappropriate Over the years, the research 
councils have (to their credit) established a remarkable sense of 
trust with their customers in the universities In Britain as 
elsewhere, the peer review of research proposals has created a 
sense that substantial parts of their budgets are spent by the 
scientific community, not by career officials Some of the 
councils have also developed a knack of putting controversial 
ideas into circulation before they are finally decided But the 
questions that the advisory board should be tackling — the place 
of social science, the health (or sickness) of the dual support 
system, the success (or otherwise) of the University Grants 
Committee’s designated courses in engineering education and so 
on — are also questions that cannot be settled convincingly by a 
small group of people, however appointed 

The lessons for the government are clear The advisory board 
should be strengthenec along the lines suggested by the House of 
Lords and, ın the process, the dominant influence of the research 
councils should be deliberately weakened but not abolished 
Then, some device must be found for making the advisory boarda 
more public body, able at least to advertise the issues on its agenda 
and ideally compelled to publish not less than once a year a 
reasoned account of what it has been doing There ıs no 
substantial danger that ın the process the British Constitution 
would be undermined or the freedom of ministers compromised 
On the contrary, ministers would be less at risk than at present of 
having to make up their minds without the benefit of even half- 
baked advice 


Not president perpetual 
Dr Philip Handler, who died last week served 
the US National Academy of Sciences well. 


Being President of the United States 1s a relatively simple job, 
power and patronage help to bring to heel unwilling cabinet 
colleagues and even members of the Congress Presidents of the 
National Academy of Sciences in Washington enjoy no such 
benefits Even though elected, they must continually reassert their 
authority among their electors, many of whom declare that they 
could do the job just as well ıf only they chose to spend their time 
in such a demeaning way One measure of Dr Philip Handler’s 
achievement in this office ıs that during his twelve-year stint at the 
academy, which ended last June, he was twice re-elected 

A large part of the explanation 1s that he was an articulate man, 
he could make fine speeches but also talk his way out of trouble 
He was also courageous He fought the extremists among the 
environmentalists when many others thought ıt prudent to keep 
their heads down He fought Congress on several occasions, not 
only about the scale of support for research but over occasional 
threats of interference Handler’s early years at the academy saw 
the rapid growth of its secular activity — producing reports on 
topical issues, Sometimes important and sometimes trivial — 
whereafter he had to fight the committees for the right to ensure 
that their reports were properly reviewed before publication Not 
all his battles were successes The campaign to finance the 
purchase of Einstein’s statue now ın the academy’s front garden 
might have been successful ıf the statue had been better 

Inevitably, continual battles take a toll Handler, always an 
iconoclast, occasionally seemed to be oversensitive to criticism 
Latterly, he was concerned to know what he would do on leaving 
the academy and, more recently, was embrittled by his largely 
secret knowledge of his mortal illness He will, however, be 
remembered well, not merely for his wit and eloquence but for 
having rescued the academy from 1ts earlier spells of idiosyncratic 
and then indolent leadership — and for ensuring that ıt is no 
longer simply an academy 
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Anxiety about 


Two views on 
the wisdom of 
suspension 


Washington 

President Reagan’s announcement last 
week that the United States is suspending 
its scientific exchanges with the Soviet 
Union, as part of a package of reprisals 
aimed at chastising the Soviet Union for its 
support of the military clampdown in 
Poland, has provoked concern in the 
scientific community that the move 
indicates an increasing willingness to use 
science for explicit political purposes. 

The immediate effect of the President’s 
decision will be to suspend the scientific 
exchange agreement signed by President 
Richard Nixon and Soviet President 
Leonid Brezhnev in 1972. Furthermore, 
Mr Reagan announced that unless the 
situation in Poland changes the agreement 
will not be renewed when it runs out in 
July. 

Similarly, agreements for cooperation in 
energy and space research will not, at 
present, be renegotiated when they run out 
in May. And a number of other agreements 
which include scientific components are 
also being suspended and reassessed. 

To a large extent, however, Mr Reagan’s 
decision to suspend scientific exchanges is 
viewed as more symbolic than substantive. 
In the case of high-technology trade, an 
area announced for suspension, even the 
US Department of Commerce accepts that 
the Soviet Union is little more than a 
‘marginal market’ for sophisticated 
equipment, accounting for less than one 
per cent of the US electronics industry’s 
annual sales of $200,000 million, and that 
the Soviets may well be able to meet their 
needs from other sources. 

Officials at the National Science 
Foundation, which is responsible for nine 
of the twelve working groups still operating 
under the terms of the 1972 agreement, 
argue that as a result of deliberate efforts 
over the past few years to eliminate 
exchanges involving a marked imbalance 
of benefits, those still in effect provide 
scientific benefit to both sides. 

Many — although not all — US scientists 
fear that if even these exchanges are now 
halted, the effect could be counter- 
productive. Not only would it close off an 
important channel of communication 
between two intellectual communities, but 
it would provide a useful propaganda 
weapon for use against those attempting to 
separate politics from science. 

“| feel that it is very important that these 
communication channels are kept open 
because they provide a crucial link between 





different societies and different peoples 
during periods of difficulty, and because 
they can be kept separate from immediate 
political concerns”, Dr Alan Bromley, 
professor of physics at Yale University and 
president of the American Association for 
the Advancement of Science, said on the 
eve of the association’s annual meeting. 

At the National Academy cf Sciences, 
which two years ago suspended all bilateral 
symposia, seminars and workshops with 
the Soviet Academy of Sciences in protest 
at the treatment of physicist Dr Andrei 
Sakharov, but has made no move to 
interrupt the exchange of individual 
scientists between the two academies, 
president Dr Frank Press said he was con- 
cerned that if there was no formal scientific 
agreement at all between the United States 
and the Soviet Union, it would be difficult 
to keep channels of communication open. 

Even some of the groups which have 
been most vocal in their protests over the 
treatment of Dr Sakharov and other dissi- 
dent scientists have expressed fears that 
their effectiveness could be severely 
reduced if scientific exchanges were 
terminated. Dr Max Gottesman, a member 
of the Committee of Concerned Scientists, 
said last week that since Soviet diplomats 
did not seem to consider the termination of 
such exchanges to be a major blow to their 
domestic scientific effort, the United States 
stood to lose more than it might gain in 
terms of influence over opinion in the 
Soviet scientific community. 

In contrast, there is less consensus on 
how far the federal government should go 
in restricting access by foreign scientists, in 
particular those from the Soviet Union, to 


Polish academia only 


Polish academic life formally resumed 
this week but was, however, only partial. 
There are reliable reports that only 
graduate and fifth-year (finals) students 
have been readmitted to the universities 
and that all other undergraduate courses 
have been suspended until next year. 

This leaves in doubt the status of the 
suspended students. A decree of the 
Military Council, passed on 30 December, 
obliges all able-bodied males between 18 
and 45 years of age to work for the duration 
of martial law. Students as such are 
exempt, but it is not clear whether the 
exemption applies to those who must wait 
until next autumn to resume their studies. 

There are also unconfirmed reports of 
some first-year students being drafted for 
military service. University graduates who 
have not yet found work are obliged to 
report to plenipotentiaries from the 
Ministry of Labour, Wages and Social 
Affairs stationed at their former colleges. 
Since unemployment among young 
graduates is considerable — particularly in 
the humanities and social sciences — there 


Reagan’s sanction 









US research laboratories on the gro 
that the knowledge they pick up might lat 
be used for military purposes. : 
Following protests from the scientific 
community that such restrictions could un- 
necessarily restrict the flow of scientific 
information, Mr Frank Carlucci, deputy _ 
secretary of the US Defense Department, | 
has provided a detailed list of instances 
where, he claims, the Soviet Union has 
achieved significant military or technical 
benefits through visits to US laboratories 
made by Soviet scientists on exchange pro- 
grammes. According to Mr Carlucci, “‘it is 


quite apparent the Soviets exploit scientific 


exchanges as well as a variety of other 


means in a highly orchestrated, centrally- 
directed effort aimed at gathering the tech- 


nical information required to enhance their 
military posture’’. 

A significant number of scientists are 
known to be in general agreement with the 


Defense Department’s position. Dr 
Bromley, for example, said that although 
he felt restrictions should not be appliedto 


basic science, he was concerned that infor- 


mation of potential military value might 


have been “‘given away” through exchange a 
programmes. o 
The Nationa! Academy of Sciences: is 


considering setting up acommitteetolook 
at the implications for the scientific |. 
community of existing and proposed __ 
federal restrictions on the flow of technical 
Dr Richard D. DeLauer, Under- 
Secretary of Defense for Research and 


data. 


Engineering, is said to be in favour of such 


a committee, although academy officials _ 
fear the government might act before a pro- 


per study can be carried out. David Dickson - — 


partly normal 


seems little chance that for them the clause — a 
in the decree, enjoining the administrators ee 
to take professional qualifications into o 
consideration ‘‘as far as possible”, willbe 


of more than a token significance. 
Academic staffs are far from happy with 


the new situation in Poland. On 23 - 
December, the Prime Minister, General __ 





Wojciech Jaruzelski, together with Deput 
Prime Minister Mieczyslaw Rakowski and 
Politburo member Hieronim Kubiak, met- 
69 leading academics to discuss what- 
Jaruzelski described as ‘‘the active role of“ 
Polish scientists, intellectuals, writers and. 
artists working for the salvation of the 
homeland, consolidation of the state and 
the building of a bridge of special patriotic 
agreement’’. Both Kubiak and Rakowski 
have the reputation of being liberals, and 
the academics seem to have been selected 
mainly from those who played little or no 
active part in the campaign for academic 
autonomy of the past 16 months. 

Even so, no agreement was reached. The 
official communiqués spoke merely of a 
‘Jong and frank discussion’’, with the 





O28 -08 36 /82/0 10003-0290) 00 


© 1982 Macmillan Journals Lid 





4 


academics stressing the ‘‘urgent need to 
rebuild trust and calm scientific teaching in 
Polish universities’’. According to an 
unofficial Solidarity Information Bulletin 
now circulating in Warsaw, the seven-hour 
meeting was deadlocked by the persistent 
demand of the academics for the release of 
all detainees and for the participation of 
the university rectors recently elected under 
the new democratic procedures in any 
further negotiations. 

The presence at the meeting of Dr 
Aleksander Gieysztor, president of the 
Academy of Sciences, must have 
sharpened the discussion of the detainees. 
He was himself picked up in one of the 
early round-ups, although released shortly 
afterwards. 

The unofficial lists of detainees now 
being compiled reflect just how active a 
role the academic community played in the 
Solidarity movement. They include: 
@Lecturers from the unofficial Society of 
Academic Courses (the ‘‘Flying 
University’’) Stefan Amsterdamski, 
Wiadyslaw Bartoszewski, Andrzej 
Celinski, Jerzy Jedlicki and Jan Walc. 
@Solidarity advisers from the universities, 
including Dr Bronislaw Geremek, a 
Warsaw lecturer in economics, who was a 
member of the Solidarity delegation to 
France last October, and Dr Stefan 
Kurowski who drew up the project for 
economic renewal discussed at the 
Solidarity Congress. 

@Doctors and medical workers including 
Grazyna Przybylska-Wendt from the 
Solidarity presidium. 

@Academy or university employees who, 
until now, have never achieved this type of 
prominence — among whom Dr Stanislaw 
Kozlowski, the new rector of Poznan 
University, is the most eminent so far. 

The military rulers seem willing to make 
some small concessions to the academics — 
the constitution of the Polish People’s 
Republic (Art.5.3) enjoins them to 
maintain the ‘‘constant progress of science 
and technology’. Academic detainees 
from the Warsaw area are housed in a 
government hotel near Drawsko. Earlier 
reports that Solidarity advisers Jacek 
Kuron and Adam Michnik had been 
savagely beaten are unfounded. 

The main instigators of the academic 
turmoil, according to the official 
statements, were the activists of the 
Independent Students Union (NZS). 
These, it is said, had tried to turn NZS into 
a political organization, rejecting the 
policy of social accord and ‘“‘stirring up 
anti-Soviet sentiments’’ — a line which 
suggests that a purge of the student body 
may be forthcoming. 

So far, no mention has been made of the 
fact that, only a few days before the 
military take-over, the Conference of 
University Rectors, meeting in Poznan, 
had formally endorsed the recent NZS 
protests as a valuable contribution to the 
struggle for academic freedom. 

Vera Rich 


High-energy physics 


All change 


With approval for its latest accelerator, 
LEP, under its belt, the European Centre 
for Nuclear Physics, CERN near Geneva, 
seems prepared to experiment — not so 
much with particles but with its governing 
body. For alongside the announcement of 
the CERN budget, and the final approval 
for LEP (see Nature 24/31 December, 
p.685), comes news of the appointment of 
two active new characters to the CERN 
Council. Sir Alec Merrison, currently 
chairman of the UK Advisory Board for 
the Research Councils and vice-chancellor 
of the University of Bristol, is to become 
president of the council; and Umberto 
Vattani, a high-ranking Italian civil servant 
who was involved in a disagreement two 
years ago between Italy and Germany over 
the appointment of a German (Professor 
Herwig Schopper) as director-general of 
CERN, becomes one of the two vice- 
presidents. 

Sir Alec was himself a high-energy 
physicist, and in fact in 1959 he was co- 
author of the first experimental paper to 





Merrison: chairman everywhere? 


come out of CERN. He was also a director 
of the now defunct Daresbury electron 
accelerator, NINA, and has defended the 
place of “‘big science’’ in the highly- 
constrained UK science budget. 

On his appointment — which gives him 
control of the CERN Council’s committee 
and subcommittee work during the next 
year, as well as presidency at the council 
itself — Sir Alec said he was delighted at the 
decision over LEP. ‘‘All the delegates are 
amazed that CERN has been able to pull 
this thing off,’’ he said, but at the same 
time the next few years would see CERN 
taking ‘‘a jolly dangerous path’’. 

This is because LEP is to be built out of 
the current budget only by making massive 
savings in the present programme. Closing 
certain facilities entirely would save 
something, but most of the savings will 
have to come from running down the 
experimental work on the CERN 400-GeV 
super proton synchrotron, the laboratory’s 
biggest machine. There will therefore be a 
hiatus in research. 

Vattani, on the other hand, now re- 
assured that Schopper has proved an 
“excellent” director, and that Germany 
will not try to squeeze CERN in favour of 
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its own national accelerators, sees looming 
problems in personnel and pensions 
Other questions which will arise for the 
council in 1982 are late payment (some 
members have indicated that they may not 
be able to pay their subscriptions on time) 
and the management of the LEP project 
itself. LEP will span two countries, be 27 
km in circumference, cost £275 million, 
and will still face some environmentalist 
opposition in the region. Professor 
Schopper will no doubt welcome all the 
help that the council can give him in this, 
the largest ever CERN project. 
Robert Walgate 





Hardly any change 

The arguments put forward by the 
past and present chairmen of the British 
Science and Engineering Research 
Council (SERC) that the council should 
take a larger slice of the science vote 
have modestly borne fruit. Although 
the civil science budget for 1982-83, 
made public a few days before 
Christmas, has roughly kept its real 
value, SERC’s budget has been 
increased by about | per cent. Most of 
the council’s extra money will be spent 
on biotechnology, information tech- 
nology and on helping universities to 
maintain the quality of research in spite 
of cuts in their own budgets. 

It is equally no surprise that the 
council to come off worst in this year’s 
division of the science vote is the Social 
Science Research Council (SSRC), with 
a real budget for 1982-83 about 4 per 
cent less than in 1981-82. SSRC has 
suffered substantial cuts in the real 
value of its grant for the past three 
years, reflecting uncertainties about the 
role of social science research in Britain. 
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The three other research councils, 
however, are to receive the same real 
budget in 1982-83 as in 1981-82. All, 
however, will be concerned that the 
government has allowed for only a4 per 
cent increase in salaries over the year. If, 
as last year, the increase in the salary bill 
is higher, then the amount of research 
the councils can buy is bound to 
decrease. Judy Redfearn 
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American science 


Supply-siders now 


Washington 

“We are now forging a substantially 
closer relationship with both the legislative 
and executive branches of Congress’’, the 
retiring president of the American 
Association for the Advancement of 
Science (AAAS), Dr Alan Bromley of Yale 
University, said on the opening day of the 
association’s annual meeting ın 
Washington on Monday 

Dr Bromley listed various ways ın which 
AAAS was exercising what he described as 
a ‘service role’’ for private and public 
science decision-makers Such activities 
range from providing testimony to 
congressional hearings to preparing 
regular and widely quoted assessments of 
the impact of federal policy on the size of the 
US research and development effort 

But if a considerable amount of AAAS’s 
time 1s now spent helping the government 
to do its job, there has also been an 
expansion of effort to compensate for 
federal actions — for example, the cutting 
back of support for science education in 
schools 

Following up an initiative launched at 
last year’s annual meeting ın Toronto, the 
chairman of the AAAS board of directors, 


Dr Frederick Mosteller, announced that 
the association had just received a $6 5 
million grant from Philips Petroleum fora 
series of television films to complement the 
work of mathematics teachers in public 
schools “by making mathematics more 
hvely and significant’”’ 

Another educational initiative 1s the 
publication of a set of science teacher notes 
based on articles appearing in AAAS’s 
monthly science magazine Science 82 The 
association 1s also convening two 
conferences later this year with leaders of 
various scientific and technical societies, 
the first dealing with urgent policy issues in 
science education, the second con- 
centrating on the growing shortage of 
science and mathematics teachers 

Inevitably, a prominent theme of this 
year’s meeting ıs the mpact of the Reagan 
Admunistration’s cuts in public spending 
on scientific research In an address on 
Sunday evening, the President’s Science 
Advisor, Dr George (Jay) Keyworth, 
emphasized again the Adrmunuistration’s 
awareness of the importance of basic 
science, promising that the next ‘‘budget 
submission will clearly reflect that’’ 

He also again warned that there were 
hard choices to be made In the short term, 
there was general acceptance at the meeting 
that such a policy was appropriate Dr 
Bromley pointed to the Department of 


UK director for US Biogen laboratory 


Dr Richard Flavell, one of Britain’s 
whizz-kids of gene cloning, 1s to leave 
the country to become research director 
of Biogen Inc , the American arm of the 
international biotechnology firm, 
Biogen NV 

Flavell ıs currently leader of the only 
gene cloning group at the National 
Institute of Medical Research (NIMR), 
Mill Hull, London, one of the two 
principal laboratories of the UK 
Medical Research Council Gene 
cloning 1s also done at other 
laboratories of the council — notably at 
Hills Road, Cambridge — but there isa 
strong feeling that application of the 
technique, central now to the whole of 
molecular biology, should be more in 
Britain The loss of Dr Flavell is thus 
significant, particularly at a tıme when 
NIMR 1s seeking a new director and re- 
considering its role within British 
biology 

In fact, Flawell has officially been 
granted ‘‘leave of absence” from Mill 
Hull for two years, but ıt seems unlikely 
that two years hence Flavell will want to 
leave Cambridge, Massachusetts, where 
the Biogen laboratory is being set up 

Flavell will continue to direct a group 
at Mill Hull, if at a distance, but he 
wishes to take some of the more 
fashionable work with him He expects 
that half-a-dozen of his Mill Hull team 
will go with him to Biogen, taking with 
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them expertise on the H-2 regions of the 
mouse genome These regions code for 
histocompatibility antigens in the 
mouse, and it may be speculated that 
Biogen will now take an interest ın the 
generation of reagents for tissue-typing 
m man, using the equivalent human 
HLA regions Flavell will leave at Mull 
Hill the part of his group which deals 
with the globin genes, also important ın 
immunology but less at the centre of 
attention now than H-2 and HLA 
At Biogen, Flavell will take over a 
fledgling staff of 20 scientists, which he 
will increase to 75 by the end of 1982 He 
will, of course, be concerned mostly 
with fostering the commercial interests 
of Biogen through research, but has 
been guaranteed the opportunity to 
pursue his own basic research — largely 
through the Mill Hill team he takes with 
him 
Flavell cannot say yet what the 
research interests of his new laboratory 
will be, but according to Professor 
Charles Weissmann of Zurich, who 1s 
chairman of the scientific council of 
Biogen, the Cambridge laboratory was 
originally planned to pay closer 
attention to the chemical! and processing 
aspects of biotechnology than Biogen’s 
Geneva laboratory which was founded 
earlier (see Nature 27 October 1981, 
p 599) Whether Flavell will in fact 
follow this line 1s open to question 
Robert Walgate 


Energy’s High Energy Physics Advisory 
Board and the Nuclear Science Advisory 
Committee as examples of ways that 
Scientists ın a particular fields, when 
finances get tight, have been able to 
determine their own scientific priorities 

But in the longer term, it was said, 
repeated budget cuts will be severely 
disruptive Figures produced by AAAS 
itself last week showed that for the two- 
year period 1981-82, the result of federal 
actions will be to reduce the civilian 
research and development budget by about 
16 per cent ın real terms (constant dollars), 
with a 22 2 per cent growth ın the military 
research and development budget over this 
period 

Another issue being hotly debated 1n the 
meeting rooms and corridors 1s the current 
dispute about creationism and the teaching 
of evolutionary theory ın public schools 
On Monday morning, the AAAS board 
unanimously passed a resolution that 
‘creationist groups are imposing beliefs 
disguised as science upon teachers and 
students to the detriment and distortion of 
public education ın the United States” 

Registration at the 1982 meeting 1s 
expected to be about 5,000 which AAAS 
officials say 1s approximately the same as 
the last time the association held ıts annual, 
meeting ın Washington three years ago 
Next year, 1n Detroit, they are hoping for 
something better, by moving the timing of 
the meeting from January to May 

That decision has been partly 
determined by the weather During last 
year’s meeting, Toronto experienced its 
coldest winters for almost a century, with 
temperatures of -30°C The previous year, 
San Francisco airport had been closed by 
fog David Dickson 


Biomedical research 
NIH takes a cut 


Washington 

The National Institutes of Health (NIH) 
told recipients of biomedical research 
grants and contracts last week that new and 
continuation grant awards made ın the next 
three months are likely to be 4 per cent 
lower than initially proposed by President 
Reagan in his budget request to Congress 
last March 

It could have been worse A revised 
budget request, issued in September, 
demanded a further 12 per cent reduction 
in all discretionary public spending and 
many federal agencies have had their 
activities curtailed significantly in the drive 
to reduce the federal deficit As it 1s the 
NIH budget for 1982 — the fiscal year 
which started last October — will only 
increase by 2 2 per cent, considerably less 
than the current rate of inflation, and the 
first significant drop in real terms for 
federal support of biomedical research 
since the mid-1970s 

However, ın the short term, no major 
damage seems to have been inflicted, and 
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NIH’s budget strategy of attempting to 
stabilize the number of new and renewing 
competitive awards at about 5,000 remains 
virtually intact Furthermore, Congress 
has replaced much of the money for 
research training grants which the Office of 
Management and Budget wished to cut 

Technically, the 4 per cent reduction 1s 
only a provisional figure, valid up to 
March Unable to agree on a detailed 
appropriations bill, Congress agreed last 
month toa ‘‘continuing resolution’’ for the 
next three months In practice, however, 
since debate on the budget for the 1983 
fiscal year begins later ın January — and no 
substantial objection to the provisional 
1982 totals are expected from the White 
House — the 4 per cent reduction 1s likely 
to run to September 

It has been a confused budget year for 
NIH Before leaving office ın January, 
President Carter proposed a biomedical 
budget for the institutes of $3,770 million, 
a figure left virtually untouched ın the 
Reagan Admunistration’s budget review ın 
March and representing an increase of 
about 5 6 per cent over 1981 However, 
realizing that the budget deficit ın general 
was going to be much larger than initially 
anticipated, the Reagan Administration ın 
September recommended an across-the- 
board cut of 12 per cent, which would have 
reduced the NIH budget to $3,310 million 

The net result of last month’s continuing 


resolution 1s that, rather than having to 
reduce the number of new awards for 
competing research projects to 4,230, as 
the proposed September revisions would 
have required, NIH expects to be able to 
make almost 4,800 of these during the 
current financial year This is little short of 
the 5,000 which was adopted as a goal two 
years ago, following several years in which 
the number of such awards, which are 
provided to support investigator-initiated 
research projects, had fluctuated widely 

The budget resolution procedure 
thwarted a move supported by several 
legislators ın the House of Representatives 
to direct additional research funds to three 
institutes the National Institute of General 
Medical Sciences, the National Institute of 
Allergy and Infectious Diseases, and the 
National Institute of Child Health and 
Human Development These were felt to be 
suffering more than the others from the 
squeeze on research funds, ın terms of the 
quality of the research projects that were 
being refused funding 

NIH officials are optimistic that the 1983 
budget which Mr Reagan submits to 
Congress next month will again contain a 
small increase for NIH Secretary of 
Health Mr Richard Schweiker is said to 
have argued successfully against major cuts 
in biomedical research that had been 
proposed by the Office of Management 
and Budget David Dickson 


New director chosen for NIH 


Washington 

Dr James B Wyngaarden, chairman 
of the department of medicine at Duke 
University ın North Carolina, ıs 
expected to be nominated by President 
Ronald Reagan as the new director of 
the US National Institutes of Health 
(NIH) ın Bethesda, Maryland 

Although yet to be formally 
announced — and subject to approval 
by the US Senate — Dr Wyngaarden’s 
appointment ıs thought to have been 
unofficially approved by the White 
House, and the delay ın making an 
announcement is the result of the 
lengthy security and financial checks 
which all presidential appointees 
undergo 

Dr Wyngaarden would probably bea 
popular choice at NIH’s headquarters, 
and with the biomedical research 
community in general Those who know 
him say they expect him to provide 
strong leadership and vigorously to 
defend the $3,600 mullion research 
budget of NIH, the principal source of 
federal funding for biomedical research 
in the United States 

Dr Wyngaarden has been a close pro- 
fessional colleague of Dr Donald 
Fredrickson, who resigned as NIH 
director last July after sıx years in the 
post Together with Dr John B 
Stanbury, the three were co-editors of 
an influential collection of essays, The 
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Metabolic Basis of Human Diseases 
First published in 1960, the book 1s 
about to go into ıts fifth edition, and 1s 
considered by many to be a classic ın its 
field 

Dr Fredrickson said last week that he 
had ‘‘no doubt” that Dr Wyngaarden 
would fill the NIH position extremely 
well “He ıs a good physician, an 
excellent scientist, and understands the 
institutional aspects of medical research 
very well, I have every confidence that 
he will be an excellent director”? 

A graduate of the University of 
Michigan, Dr Wyngaarden is no 
Stranger to Washington science policy 
circles He was a consultant to the 
Office of Science and Technology 
Policy between 1966 and 1972, and a 
member of the President’s Science 
Advisory Committee from 1972 until its 
abolition in 1973 Before his appoint- 
ment at Duke, he was professor of 
medicine and chairman of the depart- 
ment at the University of Pennsylvania 
from 1965 to 1967 

NIH scientists hope that a speedy 
confirmation of Dr Wyngaarden’s 
appointment will help to accelerate 
other senior appointments at NIH Six 
of the twelve institutes lack a permanent 
director, and approving the new 
appointments will be one of the first 
tasks awaiting the new director 

David Dickson 





Molecular biology 


Trimming costs 


Molecular biologists who are used to 
relying on the European Molecular Biology 
Organisation for providing fellowships 
and other useful means of mobility within 
Europe may have to pay closer attention to 
the politics of its budget next December — 
for the 1982 budget has seen a3 per cent fall 
(in real terms) for the second year running 

The secretary of the organization, Dr 
John Tooze, says that management costs 
have been trimmed to the absolute 
minimum, and that for 1982 cuts will have 
to be undertaken ın the EMBO programme 
itself The 1982 budget will be DM 3 5 
million (£825,000), numerically 8 per cent 
above last year but 3 per cent below 
EMBO’s calculated inflation figure 

The EMBO scheme accounts for 400 
fellowships ın any year, plus 40 courses and 
workshops and a small lectureship 
programme — which often takes pro- 
Mminent American and other visiting 
scientists around Europe on a lecture tour 
It 1s this lecture programme which 1s likely 
to be cut this year 

If the budget were to be cut again for a 
third year, the fellowships and workshops 
would be hit, says Tooze Then the smaller 
countries (of the 17 member states of 
EMBO) would certainly object These 
countries are probably the main bene- 
ficiaries of the programme, and they ın fact 
constitute a two-thirds majority of states 
on the council] which votes the budget of 
EMBO each year Decisions can be taken 
by such a majority but the remaining states 
— Britain, France, Germany and Italy — 
contribute nearly 60 per cent of the budget 
The danger ıs that ıf the small countries 
kick up a fuss, the big four could refuse to 
pay This year a compromise has been 
reached It may not be so easy next year 

Robert Walgate 


Microbial collections 


Bugs in hazard 


Once again, a British microbial culture 
collection ıs threatened by lack of funds 
At the end of last year the Ministry of Agri- 
culture, Fisheries and Food announced tts 
intention to withdraw support for the 
National Collection of Industrial Bacteria 
housed at the Torry Research Station in 
Aberdeen This ıs the third time in two 
years that culture collections have been 
threatened by withdrawal of funds The 
Brewery Research Foundation and the 
agriculture ministry have already stopped 
supporting the national yeast culture 
collection and the Commonwealth 
Mycological Institute and Natural 
Environment Research Council have said 
that they wish to cut support for the 
national fungi collection 

Although the problems of the yeast and 
fungal collections have been at least 
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temporarily solved, the threat to the 
industrial bacteria collections has stimu- 
lated the UK Federation of Culture 
Collections to urge that a single govern- 
ment agency should take over responsi- 
bility for all of Britain’s ten national 
collections The problem 1s that the 
collections currently share seven sponsors, 
not all of which ascribe high priority to 
their sponsorship 

In the event, the industrial bacterial 
collection may also be saved, though not 
necessarily to the satisfaction of 1ts users 
The most likely outcome 1s that the agri- 
culture munistry, the collection’s sole 
sponsor, will relinquish responsibility to 
the University of Aberdeen from next 
April Negotiations are under way for 
transferring the collection to the uni- 
versity’s company, which handles the 
commercialization of research relevant to 
industry The idea 1s that the collection 
should eventually operate as a commercial 
concern 

Under the arrangements now being 
discussed the ministry would pay the un- 
versity for running the collection, although 
payment would be considerably less than 
current running costs of about £200,000 a 
year Savings would be achieved largely by 
reducing the number of staff from twelve 
to about seven Still to be determined are 
the university’s commission on continuing 
business, the ministry’s initial grant and 
what should be charged for consultancy 
and services Although the proposal would 
save the collection, the microbiological 
community, which fears that commercial- 
ization could jeopardize some of the 
services currently on offer and increase 
costs to users, 1s glum about the prospects 





Last year, an inter-research council 
committee was set up to deal with the 
funding problems of culture collections as 
and when they arise But the UK 
Federation of Culture Collections now 
argues that the commiuttee’s remit 1s too 
narrow ‘Together with three learned 
societies, including the Society for General 
Microbilogy, the federation ıs hoping to 
persuade one government agency to take 
over responsibility for all ten microbial 
colléctions and to coordinate the formu- 
lation of a national policy for genome 
conservation including plant and animal 
cell lines as well as microbial cultures As 
yet, however, no obvious agency has come 
forward, although the federation 1s 
hopeful that a meeting with the 
Department of Industry early ın the year 
will be fruitful Judy Redfearn 
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Stanford University 


At the helm 


Palo Alto 

When biologist Donald Kennedy 
became Stanford University’s eighth 
president in August 1980, he pledged 
strong support for the humanities Now, 
more than a year later, he has delivered, 
$5 6 million in gifts and grants have helped 
to create a new Humanities Center From 
other contributions, eight professorships 
have been endowed 

Nevertheless, some faculty members 
remain sceptical of Kennedy’s efforts to 
make support for the arts and humanities 
comparable with that for the sciences One 
humanist complains that too much time 1s 
spent on training and not enough on 
students’ personal development He thinks 
that a university should be primarily con- 
cerned with values He 1s waiting for 
Kennedy to enunciate his values and to 
exert intellectual leadership ‘‘You can buy 
administrative ability’’, the disgruntled 
professor believes 

During Kennedy’s spell in Washington 
as Commissioner of the Food and Drug 
Administration, he won wide respect for 
his administrative ability Although he 
denies rumours about his own political 
ambitions, he still travels frequently to the 
capital 

He says that one of his objectives is to 
improve government understanding of the 
kinds of problems research universities 
face and about national science policy He 
has the experience and the contacts to talk 
about these matters in the right places 

And lean, stx-foot-one Kennedy believes 
that Stanford will be able to continue as a 
first-rate centre of basic research ın spite of 
federal research cutbacks this year of 2 or 3 
per cent He 1s a self-avowed ‘‘relentless 
optimist?’ Nevertheless, he worries about 
reduced support for student financial aid 
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Donald Kennedy keeps ahead 
biotechnology, Kennedy spends much of 
his time on the ethical questions of pro- 
prietary research He has organized a con- 
ference in March with admunstrators, 
faculty scientists and representatives of 
industry to establish possible guidelines for 
the future Huis own interest ın science 
policy stems from his work as a founder of 
the human biology programme at 
Stanford He was chairman of the biology 
department in 1965-72 His colleagues 
consider him a brilliant administrator anda 
fine scientist, able to articulate his views 
clearly 

Although a member of the National 
Academy of Sciences, Kennedy does not 
expect to return to the laboratory His 
speciality 1s the neurophysiology of 
behaviour He continues to work on two 
unpublished papers about how connec- 
tions among nerve cells are responsible for 
fixed behavioural acts 

Meanwhile, he enjoys his contact with 
students and giving guest lectures, as well 
as advising eight freshmen He has a 
reputation as an outstanding and enter- 
taining lecturer Thus, to illustrate man’s 
evolution from the primitive fish 
Amphioxus, he will sing to the tune of ‘‘It’s 
a long way to Tipperary’’, 

Goodbye fins and gill slits, 

Hello teeth and hair 

It’s a long way from Amphioxus, 

But we came from there 
Kennedy 1s blessed with enormous energy 


More than half of Stanford’s 12,800 -But some of his faculty grumble that he 1s 


students receive scholarships Research 
and training should go hand ın hand, a 
truth not always recognized by the Reagan 
Admunistration, Kennedy says 

Kennedy remains doubtful that private 
support for universities will help to cover 
the gap created by diminished federal 
funding Although private support for 
research has grown, ıt amounts to only 3 5 
per cent of Stanford’s total research budget 
of $130 million a year 

The success of Stanford’s own venture in 
commerce 1s necessarily still unclear Last 
month, 71 companies signed licences for 
the gene-splicing and cloning patents 
developed by Stanford geneticist Dr 
Stanley Cohen and University of Cal- 
fornia biochemist Dr Herbert Boyer Both 
scientists have made over their share of 
royalties to their universities Initially, the' 
licensing will yield $710,000 annually, but 
the iong-term potential could be much 
higher 

In the face of his campus’s burgeoning 


too enthusiastic, that he is also too 
generous, and that he resorts too quickly to 
resolving disagreements with university 
funds 

Students nevertheless like him Gradu- 
ating seniors have repeatedly asked him to 
address them He attends more than 24 
sherry parties annually in student 
dormitories 

Will his present enjoyment of his leader- 
ship of Stanford last? A close associate 
suggests that within five years Kennedy will 
start to think about anew post It takes that 
long for the excitement and pleasure of the 
office to begin to dissipate 

At present it 1s possible to find 
Stanford’s president at 630 am each 
Tuesday and Friday morning running 
four miles over hilly terrain Those who 
wish to discuss problems or to offer 
suggestions are welcome to jom him 
Most of his colleagues agree that one has to 
be pretty swift to outrun him 

Charlotte K. Beyers 
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The ultimate question 


Sir — GK O’Neill’s statement that we are 
probably alone in our galaxy (Nature 294, 25, 
1981) 1s based on two different arguments — 
one about the unlikeliness of the phenomenon 
of life and the second about the probability of 
the development of space colonies by any 
long-lived civilization I show here that there 1s 
an unexpected link between the two 
arguments 

It may well be true that the survival of life 
on Earth 1s due to an extraordinarily lucky 
series of accidents by which the surface 
temperature remained remarkably constant 
On the other hand, J E Lovelock’s suggestion 
that life itself was and 1s responsible for the 
maintenance of a life-friendly temperature, 1s 
not without evidence In his book Gaia, a New 
Look at Life on Earth, Lovelock wrote that 
the fact that the Barth’s climate has changed 
very little since life appeared, despite 
variations 1n the output of heat from the Sun, 
was one of the reasons for developing the Gaia 
hypothesis This hypothesis proposes that “‘the 
entire range of living matter on Earth, from 
whales to viruses, and from oaks to algae, 
could be regarded as constituting a single 
hving entity, capable of manipulating the 
Earth’s atmosphere to suit 1ts overall needs 
and endowed with faculties and powers far 
beyond those of its constituent parts”? In 
another version of the Gaia-hypothesis 
Lovelock calls this entity an organism, but he 
prefers to talk about the ‘“‘Gaia system’’ The 
word ‘‘organism’’ 1s indeed confusing when 
used to refer to an entity of which the 
constituent parts are organisms But I see no 
reason why this ‘‘Earth life system” (having 
assumed its existence) shouldn’t have the 
property that distinguishes living systems from 
dead matter, namely the capability to 
procreate 

O’Neill’s second argument — ‘‘The 
development of space colonies 1s a natural 
and not particularly difficult stage in the 
development of any mtelligent civilization’? — 
can be rephrased, 1f we are prepared to admit 
that the human species and its technology ts 
integrated ın the whole of living nature, to 
read ‘‘The development of space craft 1s a 
natural process ın every planetary life system 
and will lead to the creation of independent 
descendants (space colonies), so to ensure the 
pre-existence of the planetary life system” 

So — 1s there an association between the 
hypothesis of an overall ‘‘organism’’ and the 
(also hypothetical) development of space 
colonies? It 1s a question that goes beyond 
science, and gives us a choice between heroic 
antropocentrism and a more objective but 
difficult to accept biocentrism 

ROELAND A DE BIE 
Rotterdam, The Netheriands 


Base mettle 


Sir — I was pleased to note that your editorial 
staff has at last discovered the greatest of 
American sports as reported ın your column 
“Shame on New York” (Nature 5 November 
1981, p 2) While your comments on the 
competition ‘‘ quaintly known as the ‘World 
Series” were touching and amusing, I was 
surprised to note a large number of errors of 
factin the column Given Nature’s reputation 


as a scientific journal, I am sure you will want 
to waste no time in correcting these 

You suggested that good players are able to 
hit one fair ball in three Actually, good 
players will hit about 8 fair balls in 10, with 
about 3 ın 10 resulting ın safely reaching the 
first base A player who could hit only one fair 
ball in three would shortly be sent packing for 
another sport where his talents might be more 
appropriate to the level of play (cricket 
perhaps”) 

You noted that the Yankees were not as 
skilled in catching and throwing the ball as the 
Dodgers This 1s a strange comment on an 
event in which one member of the Dodgers set 
the all-time record for most errors (serious 
mistakes ın catching or throwing) ın the 
“World Series’? One might also have noted 
that members of the New York Yankees 
Baseball Club, once ‘‘on base’’, displayed a 
remarkable propensity for running directly 
towards the Dodger player ın possession of the 
ball The only biological parallel I can think 
for this behaviour 1s that of certain species of 
whales running themselves aground and 
eventually perishing of their own weight In 
the interests of science, Nature might humbly 
have suggested that representative members of 
the Yankees should be selected for inner ear 
examinations or behavioural analysis during 
the winter I believe that Mr Steinbrenner has 
made similar suggestions, couched ın rather 
different language 

Finally, Nature’s comments on the random 
flight of the batted ball are completely 
innaccurate Every baseball player ıs aware 
‘that while the flight of any individual batted 
ball ıs unpredictable, when a large sample of 
batted balls from any one individual is 
examined, certain patterns emerge As more 
and more samples are taken, a pattern of 
probabilities (not unlike probability patterns 
in electron orbitals) can be assembled and a 
definite and nonrandom distribution becomes 
clear In the case of the Dodgers, these 
functions fell quite frequently beyond the 
bounds of the playing surface In the case of 
the Yankees, the result of swinging the bat was 
that all too often the probability function for 
position of the batted ball reached a maximum 
in the glove of the catcher 

KENNETH R MILLER 
Brown University, 
Providence, Rhode Island, USA 


Another contender 


Sır — I note the absence of contributions on 
systems ecology to your debate on evolution 
The branching tree 1s a forceful image of 
evolution which has proved reasonably 
compatible with the limited evidence of the 
fossil record Recently, some palaeontologists 
engaged on rigorous studies of fossil lineages 
have come to crave some theoretical 
innovation which would better model the 
history of evolutionary progress! They may 
be suspected of trying to induce innovation by 
creating what they consider to be favourable 
conditions for an ideological revoiution that 
is, by promoting a theory of ‘‘punctuated 
equilibrium” as an antithesis to 
‘‘sradualism’’ So far, the rather unsurprising 
product gleaned from articles in your journal 
is that evolution can occur at varying rates! 2 
It also appears that evolutionary progress by 


t 


punctuation of an equilibrium does not require 
a qualitatively different type of evolution from 
rhat predicted by the genetic theory? 

Rates of evolution seem to depend largely 
on the rate of change ın selective stress, which 
results from a changing environment for 
example, the gradual evolution of a species 
supposes gradual change ın environment 
However, the range of physical environments 
nas remained fairly uniform through time 
their geography may change but this 1s usually 
accommodated by a mobile biota New forms 
which evolve ın small isolated populations 
under environmental stress are likely to be 
shortlived when their isolation breaks down 
and normal conditions return they are likely to 
pe out-competed by more broadly adapted and 
numerous ‘‘ancestor’’ species 

In contrast, the biological environment has 
a capacity for accretionary change} A 
‘“‘Gradualists’’ should look to the progressive 
development of biological systems for their 
selective pressures Proponents of punctuated 
equilibrium might investigate the instabilities 
which are likely to be inherent ın such systems 

GILES MORRELL 
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Calgary, Alberta, Canada 
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Is this a record? 


Sır — A recent paper by Sadler! shows that x 
the stratigraphic record of geological time 1s 
very incomplete In commenting on this, van 
Andel notes that contemporary evolutionary 
theorists ascribe major evolutionary steps toa 
jump advance or ‘‘punctuation’’ — 
concentration of major change 1n a brief time 
interval 

If major change happens rapidly, and rapid 
events are rarely preserved ın the fossil record, 
it follows that most major evolutionary events 
are beyond study because they have no strati- 
graphic record But the actual evidence for a 
punctuational view of evolution depends on 
literal reading of the fossil record, that 1s, the 
assumption that gaps between successive 
stages of the stratigraphic record are insigni- 
ficant? If gaps represent more time than 
fossiliferous strata do, gradual transitions 
between species will necessarily appear 
punctuated 

Sadler himself noted ‘‘In their treatment of 
the fundamental character of biological 
evolution, Eldredge and Gould (1972) are 
concerned with the completeness of the record 
Unfortunately they tackle only the question of 
the abundance of fossils It 1s equally 
important to determine whether the 
completeness of the sediment accumulation 1s 
adequate for the recognition of ‘punctuations’ 
in the fossil record that are phyletic ın origin 
rather than indicators of sedimentary lacunae 
We have attempted to quantify the 
sedimentary aspect, these numbers need to be 
matched by estimates of the duration implied 
by ‘punctuations’ ”’ 

Puitip D GINGERICH 

Museum of Paleontology, 
The University of Michigan, USA 
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IN spite of early doubts, it ıs now well 
established that large reservoirs can 
generate earthquakes When the possibility 
of reservoir-induced seismicity was first 
mooted during the mid 1960s, ıt was 
greeted with scepticism in some quarters, 
largely because comparable before-and- 
after records for the few examples then 
known were unavailable Systematic 
seismic surveys had only been started after 
impounding was under way or even, in 
some cases, complete, and so the details of 
the pre-reservoir seismic background were 
uncertain at best. A scientifically rigorous 
presentation of the evidence was therefore 
impossible, even though ın one spectacular 
case (Koyna, India, 1967) a large reservoir 
had clearly given a relatively aseismic zone 
the ability to kill 

But there are no doubts now, for well 
documented examples of reservoir- 
induced seismicity are known throughout 
the inhabited continents In general terms, 
what happens 1s that the huge mass of water 
In a reservoir changes the stress patterns ın 
the underlying rocks The water load exerts 
a simple vertical pressure on the rocks 
immediately, whilst the pore pressure in 
them increases gradually as the water 
infiltrates at a rate that depends on their 
permeability and prior water content In 
addition, the water reduces the rocks’ co- 
efficient of initial friction and 1n the longer 
term can change their chemical, and hence 
physical, properties by weathering Even 
so, 1t ıs widely held that such effects are not 
by themselves sufficient to generate 
earthquakes ın zones not already subject to 
tectonic stress The role of the water 1s 
rather to trigger seismic events 1n a highly 
stressed system close to break point 

This 1s clearly the case ın the Tadjikistan 
region of the USSR, where the Nurek 
reservoir has been generating seismic 
activity since filling began ın the early 
1970s In this, as in a number of other 
cases, the induced seismicity 1s not related 
directly to the absolute amount of water 
present but to variations in ıt Bursts of 
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earthquakes 


from Peter J. Smith 


Seismic activity are triggered when the 
water level changes, the intensity of the 
activity increasing with the rate of level 
change The temporal fluctuations in the 
Seismicity are thus easily related to the 
fluctuations ın the phenomenon inducing 
1t 

The spatial distribution of the seismic 
actıvıty, by contrast, ıs less straight- 
forward Most of the induced earthquakes 
occur beneath the central part of the 
reservoir and upstream (southward) from 
it The region containing that half of the 
reservoir immediately behind the dam, on 
the other hand, ıs almost completely 
aseismic Yet both the seismic and aseismic 
zones are lithologically sumula@r, consisting 
largely of Upper Cretaceous to Palaeogene 
shallow-water limestones interbedded with 
mixed components of shale and gypsum 
What, then, governs the location of the 
mduced seismicity? 

The answer, as Leith et al have dis- 
covered (Geology 9, 440: 1981), hes in the 
varying structure and the different per- 
meability regimes to which ıt leads The 
limestone units in the region beneath the 
reservoir are highly fractured and thus 
relatively permeable, whereas the gypsum 
and shale units have very low permeability 
The alternation of permeable and ımper- 
meable strata thus gives rise to a strongly 
directional overall permeability Normalto 
the bedding the overall permeability is very 
low because the largely impermeable layers 
prevent, or severely restrict, water trans- 
port Parallel to the bedding, however, the 
permeability 1s high because the water can 
easily diffuse along the permeable layers 
In other words, in their originally 
horizontal configuration the strata would 
have prevented most vertical fluid 
migration 

The strata beneath the Nurek reservoir 
are no longer horizontal, although 


Peter J Smith ts editor of ‘Open Earth’ and is a 
Reader in the Department of Earth Sciences, 
The Open University, Milton Keynes MK7 6AA, 
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immediately upstream from the dam the 
effect ıs little different Here the 
alternating layers of limestone and 
gypsum-shale are folded into a syncline 
Any water entering one of the permeable 
layers could migrate to the bottom of the 
basin formed by that layer but would be 
prevented from moving any further in the 
vertical direction by the impermeable rock 
layer beneath In this region, therefore, 
water cannot enter the vast mass of rock 
below and cannot thereby change the pore 
pressure The reservoir here acts only as a 
load, which ıs insufficient to smduce 
seismicity 

Further upstream from the dam, on the 
other hand, the strata are folded into a 
moderately plunging open anticline with 
the dip ın the upstream direction. In this 
region water entering a permeable layer can 
diffuse along it and thus be carried to 
various depths without restriction. Here 
the pore pressure at depths does change 
and 1s sufficient to generate seismicity 

What all this amounts to ın the end, of 
course, 1s yet another version of the old, old 
story, namely, that general geological pro- 
cesses governed by universal physical laws 
will nevertheless lead to unique conse- 
quences depending on the particular 
environment in which the processes take 
place As far as reservoirs are concerned, it 
is known that the large masses of water 
involved can generate earthquakes, but 
whether and precisely where they will 
actually do so depends critically on local 
conditions 

The Nurek case shows that the pattern of 
induced seismicity rests upon very local 
conditions indeed The lithological 
environment in the Nurek area 1s not 
unusually inhomogeneous on a regional 
scale, yet the distribution of seismic activity 
varies on a subreservoir scale The obvious 
conclusion is that if the environmental 
effects of future reservoir rmpounding are 
to be predicted accurately, it will be 
necessary to investigate the rocks 
underlying the sites ın no less detail o 
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How eggs breathe while avoiding desiccation and drowning 


from Jared M Diamond 


AN avian egg ıs an almost self-contained 
life-support system providing all the 
nutrients, minerals and water necessary for 
the embryo’s development All that 1s 
required from the outside 1s oxygen and 
heat The design of an egg involves 
numerous compromises It must be strong 
enough to resist accidental breakage, yet 
fragile enough for the embryo eventually to 
break out It must lose exactly the nght 
amount of water during incubation 
neither so much that the embryo dries out, 
nor so little that it drowns in its own 
metabolic water The egg must be 
sufficiently impermeable to prevent drying 
out, yet sufficiently permeable that the 
embryo can acquire oxygen and get rid of 
carbon dioxide The egg’s incubation time 
must be geared to its metabolic rate, size 
and parents’ time budget The egg’s size 
and nutrient content must be geared to the 
embryo’s size and developmental state at 
birth, and perhaps to the clutch size How 
is all this possible? 

Answers to many of these questions have 
come from 13 years of work at the State 
University of New York at Buffalo, by 
Hermann Rahn, Charles Paganelli, Amos 
Ar* (of Tel-Aviv University) and their 
colleagues! Their interest in eggs began 
when a new student innocently asked how 
eggs breathe As they had never thought 
about this problem, they began studies 
which eventually yielded the answer by 
diffusion The rate-limiting barrier to the 
ege’s gas exchange ıs the egg shell itself, 
through which gas transport 1s diffusive, 
not convective Oxygen, carbon dioxide 
and water cross the shell at rates propor- 
tional to their gas-phase diffusion 
coefficients Since these gases follow 
identical diffusion paths, measurement of 
the egg’s conductance to one (Ko, , Keo,» OF 
Ky.) lets one calculate the other two 
conductances Water flux may be simply 
measured as the weight loss of an egg kept 
in a desiccator and egg conductances for 61 
species of duck? and 84 other species of 
birds? have been measured ın this way 

Diffusion occurs through microscopic 
pores arising from imperfect packing of the 
calc1um carbonate crystals that make up 
the egg shell The pores can be visualized by 
putting an egg in water in a closed Jar 
connected to a vacuum pump gas bubbles 
emerging over the whole surface of the egg 
mark the pores Underneath the shell lie 
two membranes of protem fibre mesh- 
work, in turn resting on a tissue sheet called 
the chorioallantois in whose capillaries the 
avian embryo’s gas exchange occurs 

Bird eggs vary ın size from the 300 mg of 
a small hummingbird to the 9 kg of the 
recently extinct elephant bird of 


*In recognition of this work Rahn, Paganelli and Ar received the 
Elliot Coues Award at the 99th annual meeting of the American 
Ornithologists Union, Alberta, 24-28 August, 1981 
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Madagascar, and in incubation period 
from 11 to 80 days It ıs therefore 
astonishing‘ that all eggs lose 15 + 2 5 per 
cent of their initial weight during 
incubation! As Ar and Rahn point out, the 
fixed water loss ensures that the egg 
maintains constant relative water content 
throughout incubation, in the face of 
metabolic consumption of dry matter 
(mainly yolk fat) and accompanying 
production of metabolic water Without 
water loss, the embryo would drown Yet 
why 1s egg water loss so constant among 
species, when yolk content varies with 
species from 14 to 67 per cent? One might 
guess, although ıt ıs as yet untested, that the 
critical variable 1s constancy of the 
embryo’s tissue osmolarity — for an 
embryo sealed within its egg, the only 
means of osmoregulation 1s water loss 

But how do different eggs ensure similar 
water losses? The explanation, from 
measurements of egg Ky,0 1n dozens of 
species, proves to be that Ky, Increases 1n 
direct proportion to egg weight (not to egg 
surface area) and ın inverse proportion to 
incubation time Ky,0 1s determined by 
knA,/L, where n ıs the number of pores, 
A, the mean area of individual pores, L the 
pore length or shell thickness and k a 
constant The shell and its pores are 
synthesized just before laying and do not 
change during incubation Bigger eggs 
have thicker shells and lower pore density 
but wider pores and greater fractional pore 
area A 10-fold increase ın egg mass 15 
associated with a 2 7-fold increase 1n shell 
thickness, an 18-fold increase in total pore 
area and thus a 18/2 7 = 6 5-fold increase 
In Ky 0 

Eggs of the Wedge-tailed Shearwater 
(Puffinus pacificus) and chicken, for 
example, are of similar size (58 vs 54 g), 
pore radius (7 6 vs 80 yum) and shell 
thickness (0 27 vs 0 35 mm), and achieve 
similar water losses by the time of hatching 
(14 vs 15 per cent), despite the fact that the 
incubation period ıs two and a half times 
longer in the shearwater (52 days) than ın 
the chicken (21 days) This result 1s 
achieved through the shearwater having 
many fewer pores (3,700 vs 12,400 per egg), 
hence lower water conductance? (61 vs 
14 4 mg H,O per day, torr) Chickens and 
Red-winged Blackbirds living at high 
altitudes, where water loss would otherwise 
be high because of low atmospheric 
pressure and high gas diffusion 
coefficients, have shells with lower total 
pore area and lower Kuo than sea-level 
populations, and hence have similar water 
loss during incubation® 

Regulation of water loss during 
incubation implies regulation not only of 
shell Kyo but also of nest humidity 
Continual release of water and CO, tends 
to humidify the nest as well as to raise nest 


Pco, Water vapour pressure in the nest air 
is always above ambient, as Rahn, 
Ackerman and Paganelli’ documented by 
an ingenious ‘egg hygrometer’ This 
consisted of an egg emptied of ıts contents, 
refilled with desiccated silica gel, placed in 
the nest under the brooding adult, weighed 
after several days and calibrated by 
weighing after storage ın desiccators at 
known relative humidities The result all 
nests were maintained at water vapour 
pressures of 18-26 torr, although the 
species studied ranged from Alaskan gulls 
and Mexican desert island gulls to ducks 
and songbirds Does the brooding adult 
measure nest microclimate and then venti- 
late the nest to maintain the required rate of 
egg water loss, ventilating more rapidly as 
ambient humidity rises towards nest 
humidity? Is the water vapour gradient 
chronically abolished ın species nesting in 
humid habitats such as moss forest of 
tropical mountains? 

One group of birds violates these 
patterns the mound-builders (family 
Megapodidae) of New Guinea, Australia 
and adjacent islands Unique among the 
world’s birds, their eggs are not incubated 
by body heat but by external heat sources, 
including volcanoes and solar radiation 
Several species bury their eggs ın enormous 
mounds of rotting vegetation, which they 
build so that the heat of fermentation 
maintains a temperature of 37°C (see refs 
8—10 and the figure) The humidity ın these 
mounds is saturated The water 
conductance of eggs of the mound-builder 
Alectura lathami ıs nearly triple that of a 
‘normal’ egg of the same size and 
incubation period, due to an unusually thin 
egg shell!! The megapode embryo avoids 
suffocating ın the high CO, levels (9 per 
cent CO,') and low O, levels (14 per cent 
O,) in the mound, escapes drowning in its 
metabolic water, and still musters enough 
energy on hatching to spend two days 
digging ts way up through a metre of dirt to 
the surface The eggs of hole-nesting and 
burrow-nesting birds must also be able to 
deal with similar problems of gas exchange 

_ As one would expect, the metabolic rate 
of an egg (rate of O, consumption, Qo.) 
increases with egg size But metabolic rate 
also decreases with incubation time, this 1s 
because water conductance decreases with 
incubation time, and as O, and H,O 
traverse the shell by the same diffusion 
path, an egg of long incubation time must 
also have low O, conductance Thus eggs 
of any size and incubation time not only 
lose a fixed relative amount of water (15 per 
cent) put also gain a fixed relative amount 
of O,, 100 cm? per gramme of egg, over the 


Jared Diamonds Professor of Physiology at 
the University of California Medical School, 
Los Angeles, California 90024 





0028-0836/82/010010-02301 00 


© 1982 Macmillan Journals Ltd 


Nature Vol 295 7 January 1982 


The Mallee Fowl, one of Australia’s mound-builders In April or 
May, parent birds begin digging a pit that eventually measures 10 
feet wide and 3 feet deep, and rake plant litter nto ıt With the early 
spring rains in August the litter begins to decompose and the birds 
cover it with a mound of sand up to 3 feet thick The female lays eggs 
one at a time, in the mound, throughout the spring The male 1s 
responsible for regulating the temperature of the eggs during the 
spring he opens up the mound to let excess heat escape from the 
compost, ın summer he piles more sand onto the mound during the 
day to insulate the eggs from excessive heat from the Sun, and each 
morning opens up the mound to dispel any heat remaining from the 
previous day, by autumn the compost has nearly stopped 
fermenting and the male opens up the mound each day so the eggs 
can be heated by the Sun, each evening he covers the eges with 












incubation period!+!3 The metabolic rate 
is geared to the incubation time and 
delivers a finished chick by hatching time, 
whether 11 or 80 days after laying time 

The energy for this metabolism comes, 
of course, from the yolk But not all eggs 
are equally endowed Altricial eggs (ones 
whose chick hatches ın a helpless state, at 
an early stage of development) contain 
only 24 per cent yolk, so that the egg 1s 84 
per cent water, only 6 per cent lipid and 
offers only 1 1 kcal energy per g weight 
Precocia] eggs (whose chicks hatch able to 
fend for themselves, at an advanced stage 
of development) contain on the average 40 
per cent yolk (67 per cent in a mound- 
builder), consist of 75 per cent water and 10 
per cent lipid, and offer 1 9 kcal energy per 
g weight!* A parent can give its chick a 
head-start either by producing an egg with 
higher yolk content or just by producing a 
larger egg Conversely, if a head-start 1s not 
Important, a typical altricial egg saves its 
mother 80 per cent of the cost of manufac- 
turing a typical precocial egg, through 
reduction ın egg size and yolk content 

The questions posed by eggs seem 
endless Large birds tend to lay large eggs, 
but egg size varies fivefold among birds of 
simular size belonging to different orders!5 
Why, among parents weighing 100 g, does 
a parasitic cuckoo produce a 4 5-g egg, an 
owl an 11l-g egg and a petrel a 21-g egg? 
Evolutionary biologists debate this ques- 
tion, as well as the puzzle why the variation 
in incubation time from 11 to 80 days 
includes a large component independent of 
egg size, and the question of which variable 
among egg size, metabolic rate, incubation 
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warmed sand By April all the eggs will have hatched 





time and developmental state at hatching 
ultumately determines the others Bioengin- 
eers debate why the relation between total 
weight and skeletal weight has a simular 
slope but a different intercept among bird 
eggs, molluscs, spiders, land mammals and 


Sexual differentiation 


from P N Goodfellow and P W Andrews 


AMONG the many problems still awaiting 
the application of the new techniques of 
molecular genetics 1s that of mammalian 
sexual differentiation The question can be 
simply phrased — why are males male and 
females female? Analysis of individuals 
with abnormal numbers of sex chromo- 
somes indicates that the presence of the 
Y chromosome usually correlates with 
primary male characteristics! It has been 
suggested that this correlation 1s due to ex- 
pression of the H-Y antigen controlled by 
the Y chromosome? 

The study of the ‘H-Y antigen’ began 
with the observation that females from ın- 
bred strains of mice can reject skin 
transplanted from male mice of the same 
strain* As the only qualitative genetic dif- 
ferences between the mice 1s that the Y 
chromosome ıs present ın males but not ın 
females, the antigen responsibie for the 
graft rejection was termed histocompati- 
bility-Y, or H-Y, antigen* Although ıt 1s 
possible to use the transplantation assay to 
demonstrate that simple hormonal dif- 
ferences are unlikely to be responsible for 
the expression of H-Y antigens by males®, 
detailed investigation 1s hampered by dif- 
ficulties in quantification and limitations in 
the use of transplantation assays in outbred 
species, such as man 
Serological definition of H-Y antigens 
An important advance was made when 
Goldberg and colleagues showed that sera 
from female mice which had rejected male 
skin grafts are cytotoxic for sperm ın the 
presence of complement, and that this ac- 
tivity can be absorbed by male but not 
female mouse cells’ The antigen(s) 
recognized serologically ın this way ıs also 
called H-Y, although ıt has not been shown 
whether the same determinant is being 
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whales'® Students of insects, reptiles, 
amphibia, fish and the duck-billed 
platypus have barely begun to explore for 
eggs of these animals the questions that 
Rahn, Paganelli, Ar and colleagues have 
illuminated for bird eggs 0 


and H-Y antigen 


detected ın the two different assays In- 
deed, in a mutation experiment Melvold et 
al have observed one male mouse, unfor- 
tunately sterile, that appeared H-Y 
negative by the transplantation assay, but 
was serologically H-Y positive? Unfor- 
tunately the only cells that are susceptible 
to complement-mediated lysis by these 
anti-H-Y sera are sperm, which are dif- 
ficult to read-in the usual cytotoxicity 
assay, and tail skin epidermal cells’, which 
are difficult to obtain Nevertheless many 
other cell types specifically absorb this ac- 
tivity, and by the absorption of syngeneic 
murine female anti-male sera followed by 
testing the residual activity on mouse 
sperm, serologically detected H-Y antigen 
1s found to be strongly conserved and to be 
expressed on the male cells of all mam- 
malian species tested Conservation of this 
determinant ıs also seen ın animals other 
than mammals where H-Y antigen 1s found 
to be associated with the heterogametic sex 
(in mammals, males are heterogametic hav- 
ing X and Y sex chromosomes, whereas ın 
birds the female is heterogametic having 
the so-called ZW sex chromosome con- 
stitution)!’ 

This conservation and the association 
with one or other sex led to the suggestion 
that H-Y antigen was concerned 1n direc- 
ting the organogenesis of the 
heterogametic gonad? Evidence for this 
has been presented and discussed 
elsewhere? Suffice ıt to say here that in 
mammals the presence of testicular tissue 
has generally been shown to be associated 
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with the expression of H-Y antigen, ır- 
respective of genetic (that 1s, XX or XY 
chromosomal constitution) or phenotypic 
sex The converse case — the expression of 
H-Y antigen being associated with the 
presence of testicular tissues — 1s not always 
true Two explanations for individuals be- 
ing H-Y antigen positive but without any 
testicular differentiation have been of- 
fered either the H-Y molecule ıs ‘func- 
tionally’ absent (for example, the func- 
tional part of the molecule has been 
mutated while ıt remains immunologically 
active, or the H-Y receptor on the target 
cell has been inactivated) or testicular dif- 
ferentiation could depend on the quantity 
of H-Y antigens produced, a critical level 
required for the induction of testicular dif- 
ferentiation not being reached 
Technical difficulties with H-Y serology 
The serological description of the H-Y 
antigen as outlined above ıs well 
established but this does not mean 
that H-Y serology 1s without difficulties 
These result from two technical problems 
The first 1s due to the sperm cytotoxicity 
test, which ıs one of the most difficult 
serological assays to perform The extreme 
reactivity of sperm with naturally occurring 
heterophile antibodies requires careful 
control not only of the H-Y antisera but 
also screening and absorption of the serum 
used as a source of complement Even the 
scoring of the sperm cytotoxicity test 1s 
difficult sperm are mobile and very small 
and it 1s not easy to distinguish between 
dead and live sperm In addition, there 1s 
often only a small difference between a 
positive and a negative result as the 
maximum kill in the assay ıs usually only 
50-60 per cent, whilst the background kill 
in absence of any sera may be as high as 30 
per cent Unfortunately, the alternative 
assays used to detect H-Y antigen, which 
include every smaginable variation of cell 
surface immunological detection 
techniques!!, all seem to suffer from 
similar problems of high backgrounds and 
low maximum reactions Undoubtedly this 
1s due 1n part to the low surface density of 
H-Y antigen on many cells but ıt is also due 
to the poor-quality low titre of the anti-H- 
Y sera Even after repeated 1mmunization 
many female mice fail to make H-Y 
antibodies and those mice which do 
respond produce low titre antisera This 
leads to the second problem — the small 
amounts of antisera that are available 

The paucity of H-Y antisera has two 
adverse effects The first is a reduction in 
the exchange of antisera which 1s needed to 
standardize anti-H-Y reagents and to 
demonstrate that all H-Y assays are 
recognizing the same antigen(s) The 
second effect 1s to produce an 
understandable reluctance to perform 
quantitative absorptions (that 1s, multiple 
absorptions with varying numbers of cells), 
rather than the single point absorptions 
usually performed Quantitative 
absorptions are essential for the proper 
quantification of the amounts of H-Y 
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antigen present This 1s especially 
important when studying cells with 
postulated intermediate amounts of 
antigen, such as has been proposed to 
explain the recessive inheritance of male 
sex-determining genes ın the polled goat 
and ın humans!2/3 , 

An additional problem arises with the 
recently introduced H-Y test based on the 
complement-mediated killing of Ray: cells 
(a male human, Burkitt’s lymphoma line) 
by antisera from female rats immunized 
with male rat cells!4 In this xenogeneic 
system absorption of anti-human 
heterophile antibodies 1s essential to ensure 
meaningful results Furthermore, even if 
this absorption ıs carried out satisfactorily, 
there 1s no assurance that the antigen 
detected by the male-specific absorption of 
the remaining antibodies 1s the same as the 
antigen detected by absorption of 
syngeneic mouse serum tested on sperm, 
merely because they both appear to be male 
associated 
Conflicting results of H-Y typing 
The technical difficulties and differences in 
methodology described above may explain 
the apparent contradictory results reported 
by the group 1n Freiburg associated with U 
Wolf and U Muller and by the workers in 
New York associated with S Wachtel and 
G Koo The German group has demon- 
strated that females with Turner’s syn- 
drome (those lacking one of the two X 
chromosomes found ın normal females) 
express H-Y antigen, although at reduced 
levels compared with males! A similar 
situation has also been described ın mice!” 
Based on these results Wolf and his col- 
leagues have suggested that the H-Y an- 
tigen is coded by a structural gene on an 
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autosome, that this gene 1s induced by an 
activator coded by a Y-linked gene, and 
that it 1s repressed by the product of 
another regulator gene located on the short 
arm of the X chromosome which escapes 
X-inactivation in normal females They 
further propose that interaction of these 
genes can lead to continuously variable 
levels of H-Y expression, depending on 
genotype, and that a certain threshold level 
of H-Y 1s required to induce testicular dif- 
ferentiation'®!8 One problem ıs that they 
would predict that an excessive number of 
X chromosomes in a Y chromosome- 
carrying individual would produce suffi- 
cient H-Y repressor to overcome the ac- 
tivator produced by the Y chromosome, 
such an individual should exhibit female 
characteristics Nevertheless 49 XXXXY 
individuals with apparently male 
phenotype have been observed!’ 

Contrary to these ideas 1s the older 
hypothesis that the H-Y antigen ıs specified 
by a gene or genes normally located on the 
Y chromosome H-Y antigen-positive XX 
meles, such as are caused by the Sxr gene 1n 
mice, or the Polled gene ın goats, are ex- 
plained by a postulated translocation of 
H-Y genes from the Y chromosome to an 
autosome, a suggestion which has received 
support from molecular analysis of sex 
chromosome-specific DNA sequences in 
sex-reversed mice”? Threshold levels for 
H-Y antigen activity and, perhaps multiple 
H-Y genes, are needed to explain why the 
sex-reversal properties of Sxr ın mice are 
dominant whereas they are recessive ın the 
case of the Polled gene ın goats 

Consistent with Y-linkage of the H-Y 
structural gene 1s the finding that female 
Turner’s syndrome patients with deleted or 
rearranged Y chromosomes can be either 
H-Y antigen positive or negative?! In par- 
ticular, two patients have been described 
that have a Y isochromosome of the long 
arm These patients are H-Y antigen 
negative2! 22 It 1s difficult to understand 
why XO Turner’s syndrome patients are 
H-Y antigen positive if XYp-Turner’s syn- 
drome patients are H-Y antigen negative 

Another possible point of contention 
between the two groups 1s the recent sug- 
gestion by the German group that XY fer- 
tile female wood lemmings do express H-Y 
antigen? In this species karyotypic 
analysis has demonstrated that some fertile 
females have a Y chromosome and an ab- 
normal X chromosome, designated X* As 
these individuals are normally fertile, wild 
populations of wood lemming contain XX, 
XX* and X*Y females The earlier studies 
of Wachtel ef al suggested that X* Y wood 
lemming females are H-Y antigen negative 
and that the abnormal X* chromosome 
Carries a suppressor of H-Y antigen expres- 
sion™ The recent experiments yielding the 
opposite results (X*Y females being H-Y 
antigen positive) have led Wolf and Muller 
to propose that H-Y antigen affects its 
target cells via a receptor that 1s specified by 
an X-linked gene and that this gene has 
been deleted from the abnormal X 
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chromosome of the wood lemmings” 

Two explanations may be offered for 
these opposite results Either there are two 
populations of wood lemming such_that 
both H-Y+ and H-Y- X*Y females occur, 
or, because the authors are using different 
antisera and different techniques, they are 
actually studying different antigens 
Future prospects 
As ın many other fields, monoclonal an- 
tibodies potentially offer a solution to the 
many problems of H-Y antigen serology 
Monoclonal antibodies, which could be 
freely exchanged between different groups, 
will undoubtedly form the basis of agree- 
ment for the serological definition of the 


H-Y antigen One such monoclonal an- 
tibody has recently been described” and at- 
tempts have been made to demonstrate 
identity between the antigen recognized 
and H-Y defined by cell-mediated cytotox- 
icity, an mn vitro assay which correlates 
well with transplantation rejectior?’ Other 
monoclonal antibodies, which apparently 
recognize products controlled by the Y 
chromosome, are being studied in several 
laboratories (ref 28, S Wachtel, personal 
communication, M Fellous, personal 
communication) Next year we should 
know much more about serologically 
defined antigens controlled by the Y 
chromosome oO 


Electrostatic interactions in proteins 


from Janet M Thornton 


PROTEINS are very polar molecules 
Almost two-thirds of the twenty amino 
acid side chains are polar and four are 
charged at neutral pH In addition, the 
arrangement of electrons on the backbone 
peptide groups gives rise to dipoles 
which, ın the a-helix, align to give a helix 
macrodipole equivalent to a half unit of 
charge at each end of the helix (see ref 1 for 
a review) In analysing protein structure, 
attention has been focused on the interac- 
tions of polar groups with water, a funda- 
mental rule being that polar groups are 
exposed to solvent, or, where buried, form 
hydrogen bonds or salt bridges By 
contrast, interactions between charged 
groups and dipoles within proteins have 
received little attention It has been 
assumed that because all the 1omized groups 
are exposed to water, the electrostatic con- 
tribution to free energy will be small, 1f not 
zero? Two papers?* recently published ın 
Nature suggest, however, that the electro- 
static interactions between charges and 
dipoles make important contributions to 
protein stability and may play a significant 
part in determining protein structure 
Wada and Nakamura? consider the 
relative distribution of positive and 
negative charges (including the equivalent 
helix dipole charges) ın fourteen proteins 
For every possible pair of charges e, €; 
separated by r, in the protein, they calcu- 
late the electrostatic interaction, e,e,/r,, 
and sum pairwise interactions within a 
given separation range By comparing the 
distributions as a function of r for 
attractive and repulsive interactions they 
find that there are considerably more 
attractive, than repulsive, interactions at 
small separations In other words, a 
charged group, including the apparent 
charges of the helix dipole, 1s on average 
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surrounded by charges of the opposite 
sign This had already been shown to be 
true for myoglobin? but, surprisingly, it 1s 
the first unequivocal proof that charged 
groups in general are not distributed 
randomly on the surface of proteins The 
suggestion 1s that the charges, including the 
a-helix dipoles, contribute to the stability 
of the protein This is an ımportant result 
because ıt does not depend on dielectric 
constant, which 1s notoriously difficult to 
evaluate reliably for protems 

The problem of how much energy the 
charge interactions contribute to the pro- 
tein 1s much more difficult Wada and 
Nakamura evaluate the electros-atic energy 
of the interactions using the method of 
Tanford and Kirkwood® with the snternal 
dielectric constant set to 4 and the external 
dielectric constant that of water, at80 The 
electrostatic energies they obtain for the 
fourteen proteins range from +5 kcal 
mol-! for trypsin to -595 kcal mol! for 
liver alcohol dehydrogenase The model 
does not, however, adequately allow for 
the different dielectric environments felt by 
side chains ın a complex protein structure 
Many charged groups are completely 
exposed to solvent and their electrostatic 
interactions will be correspondingly 
decreased Gurd and co-workers’ have 
tackled this problem by incorporating a 
solvent accessibility parameter which 
reduces electrostatic interactions between 
exposed groups Their calculation for 
charge-charge interactions in myoglobin 
reduces the calculated electrostatic free 
energy from approximately -400 kcal 
mol-! to -8 5 kcal mol-! This energy 
contribution 1s more reasonable, although 
the lack of comparable experimental data ıs 
a problem 

In the hydrophobic interior of the 
protein electrostatic interactions are much 
stronger than those between charges 
exposed to solvent on the surface of the 
protein Hol ef alt use this argument to 
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suggest that the interactions between the 
helical dipoles, which are predominantly 
buried, make a significant contribution to 
protein stability Their main observation 1s 
that a pair of anti-parallel helices 1s ener- 
getically more favourable than a pair of 
parallel helices, because of the electrostatic 
interaction between the peptide dipoles 

The energy difference 1s evaluated by using 
the formal charges, assigned to the peptide 
backbone to mimic the observed dipole 
moment, and calculating the coulombic 
interaction e,e,/r,, They argue that a 
macroscopic dielectric constant 1s inappro- 
priate at the level of atom-atom inter- 
actions ın the hydrophobic core, and claim 
their energies are incorrect by no more than 
a factor of 2 Using this method, the antı- 
parallel arrangement 1s more stable, by 
almost 20 kcal mol-!, than its parallel 
equivalent They suggest that this electro- 
static contribution may have a significant 
role in determining the observed preference 
for the anti-parallel arrangement of helices 
in the all-helical proteins For four of these 
proteins the dipolar electrostatic stabiliz- 
ations range from -5 to -23 kcal mol"! 

In the a/ß proteins with alternating 
a-helices and f-strands, the a-helices lie 
approximately parallel, maximizing un- 
favourable dipolar interactions However, 
Hol etal point out that ın parallel -sheets 
there 1s also some alignment of the peptide 
dipole, which gives a small macrodipole, 
equivalent to one-fifteenth of a umt of 
charge at each end of the strand This 
dipole, together with the fact that the 
helices are usually tilted because of the 
twist of the sheet, effectively cancels out 
the unfavourable interactions 

Clearly the helix dipole interactions do 
contribute to the stability of the anti- 
parallel helices However, the number of 
kilocalories involved has yet to be satisfac- 
torily evaluated The figures calculated by 
Hol ef al provide the maximum possible 
stabilization to be derived from dipole 
interactions Most helices are partially, if 
not predominantly, exposed, especially in 
the small allj-helical proteins, so 
presumably some of the peptides will be in 
contact with solvent However, the closest 
contacts will be in the hydrophobic core, so 
although this effect should be considered, 
perhaps ın terms of solvent accessibility, ıt 
may not markedly affect the energies 

The importance of the electrostatic 
dipole interactions for determining the 
anti-parallel alignment of helices and thus 
protein folding 1s difficult to assess Many 
other factors are involved, whose energies 
may be even more difficult to quantify 
Topological considerations are one such 
possibility For every parallel interaction 
between two sections of chain there must 
be an anti-parallel connection For 
example, in the parallel $-barrels, such as in 
triose phosphate isomerase, the helical 
connections run approximately anti- 
parallel to the strands Therefore, we 
would expect anti-parallel connections to 
be more common The dipole interactions 
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will help stabilize the anti-parallel arrange- 
ments, although since the dipoles must be 
buried to make any significant contri- 
bution to energy, they only become 
important once the hydrophobic core of 
the protein has been formed 

To conclude, both these papers draw our 
attention to the contribution which 
charged groups, including the a-helical 
dipole, make to protein stability The 
difficulty of assigning an effective dı- 
electric constant, or indeed 1f a macro- 
scopic dielectric constant 1s valid for these 
atom-atom interactions, has yet to be sat- 
isfactorily solved and needs urgent 
attention More experimental data for 
electrostatic energies or effective dielectric 
constant, such as that provided by Rees, 
would be of enormous value With high- 
resolution coordinates now available for 
many proteins, it should be possible to 
characterize charge interactions in detail 


A more exciting possibility 1s that charged 
groups, being on the surface of proteins, 
wil be of general importance for recog- 
nition between molecules, including 
protein—DNA interactions Preliminary 
evidence from the cytochrome c peroxidase 
structure? and the assembly of tobacco 
mosaic virus subunits! lends support to 
this hypothesis Perhaps ıt ıs in this context 
that direct electrostatic interactions may 
prove most significant go 
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Cell mediated immunity in theileriosis 


from FEG Cox 


THERE are strong indications that antibody 
does not play a major role in the immune 
responses to parasitic protozoa that inhibit 
nucleated cells but there 1s some evidence 
that antibody-independent cell-mediated 
mechanisms may play a part ın protection 
and recovery Such mechanisms may 
involve lymphocyte mediated cytolysis 
(Class I reaction), soluble lymphocyte 
products (Class II reaction) or natural 
killer (NK) cells but these mechanisms, 
although well characterised in mice, are 
difficult to umplicate ın the parasitic dıs- 
eases of man and domesticated animals It 
1s, however, now clear that cell mediated 
cytolysis plays a major, ıf not the major, 
part in the immune response to one of the 
most important protozoan diseases of 
cattle, a form of theileriosis known as East 
Coast Fever 

Theuleriosis 1s caused by several species 
of Theileria, of which T parva, ın Africa, 
and T annulata, which occurs in North 
Africa, the Mediterranean area and else- 
where, are the most important Con- 
siderable mortality results, particularly in 
calves Theileriosis 1s a tick-borne disease 
and cattle become infected when 
sporozoites are injected by an infected tick 
The sporozoites enter lymphocytes in 
which they grow and undergo nuclear 
division giving rise first to macroschizonts 
and later microschizonts, the products of 
which infect red blood cells and thence 
ticks once again While in the lymphocytes 
the parasites cause the host cells to undergo 
rapid division transforming them into what 
are effectively lymphoblastic cell lines 
During the stage of macroschizont pro- 
duction there 1s an accompanying massive 
destruction of lymphocytes and the 
infected animal becomes 1l] and may die 
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Theileria sporozoites can also transform 
lymphocytes im vitro’? and the availability 
of such lymphoid cell lines has provided 
scientists with an ideal opportunity to 
study cell mediated immune responses 
against cells of the same genetic type, for 
uninfected cells can be taken from an 
animal before infection, transformed and 
maintained for subsequent study during 
the course of an infection? Scientists at 
ILRAD (International Laboratory for 
Research on Animal Disease, Nairobi) 
have followed T parva infections ın groups 
of cattle that died from theileriosis, 
recovered naturally from the disease or 
were protected by being infected and 
treated at the same time with a long acting 
tetracycline+’? In unprotected cattle, by 
day 14 after infection there was evidence of 
nonspecific cytotoxic activity against both 
infected cells and unrelated cells of amouse 
tumour line’ suggesting a mechanism 
similar to the natural killer (NK) cell 
phenomenon seem in mice and humans? 
In immunised cattle, on the other hand, 
small numbers of macroschizonts were 
detected during days 15-18 after infection 
and cytolysis was confined to genetically 
identical infected cellss6 An analysis of 
the mechanisms involved implicated 
thymus derived lymphocytes as the effector 
cells’ and a restriction mechanism whereby 
effector cells have to recognise both 
foreign antigens and self antigens simul- 
taneously® This 1s characteristic of class I 
cell mediated immune responses such are 
seen in virally altered cells? Although the 
details of class J reactions and the nature of 
restriction in cattle remain to be 
S SN Fee eee 
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A SPECIAL despatch has been received at St 
Petersburg from M Sullowsky, dated Irkutsk, 
December 26 (O S ) 1881, which says “At 10 
o’clock on the morning of August 9 I parted 
with the William Rodgers, which shaped her 
course for Herald Island The clipper Strelok 
then returned to the Chinese ports Up to that 
time the Strelok and William Rodgers had 
kept company They were jained in 
Providence Bay by an American schooner, 
having on board the captain of a whaler which 
had stranded This captain narrated that he 
had seen a boat with dead men on board which 
had been driven upon Herald Island The boat 
also contained, besides other articles, some 
silver spoons with the name Jeannette 
engraved on them In consequence of this 
narrative the captain of the William Rodgers 
resolved to proceed to Herald Island with the 
view of wintering there, and, with the aid of 
dogs purchased in Kamschatka, sending out 
his crew in small parties to the various sides of 
the island and its vicinity to search for the lost 
explorers ”’ 

Admiral Mouchez will give his usual annual 
soirée at the Paris Observatory in March He 
had distributed to the leading Parisian 
engineering firms the conditons for the con- 
struction of the cupola for the great equatorial 
to be built in the newly-annexed grounds The 
diameter of the revolving cupola 1s to be 20 
metres The form must be hemispherical The 
time required for rapid revolution 1s 10 
minutes It 1s to revolve in the same direction 
as the heavens, and the mechanism will cause 
the revolution of a seat for two astronomers 
From Nature 25, 249 & 250, January 12, 1882 









































determined all the evidence suggests that in 
theileriosis the main component of the 
immune response 1s the recognition of 
theilerial antigens on infected cells and the 
subsequent destruction of these cells by 
thymus derived lymphocytes 

The significance of this work 1s that ıt 
demonstrates the importance of cell 
mediated mmunity ın the natural host of 
an important protozoal disease and also 
extends the phenomenon of cytolytic 
restriction to the protozoa Thus 
theileriosis joins leishmaniasis? as 
examples of intracellular protozoa that are 
controlled by cell-mediated immune 
responses, class I ın the case of the former 
and class II in the latter, giving support to 
the suggestion that the main function of the 
major histocompatibility complex (MHC) 
molecules ıs to guide T lymphocytes to 
deliver appropriate responses to diverse 
kinds of infection!® The diseases of man 
caused by Toxoplasma gondiu and 
Trypanosoma cruzi, which are also intra- 
cellular, may soon yield up therr secrets O 
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Oddities in the initiation of translation 


from Peter Model 


A report from Kastelein, Remaut, Fiers 
and van Duin ın this issue of Nature (p 35) 
suggests that we may need to modify some 
of our 1deas on how translation 1s initiated 
— at least ın the particular case of the lysis 
gene of bacteriophage MS2 Most 
researchers have concluded that trans- 
lation 1s imitiated independently at each 
gene, evenin multi-gene operons It may be 
that mRNA structure will occlude the 
initiation site at a particular place, and in 
such instances translation of a preceding 
gene may be required for effective 
initiation at some cistrons, but this has 
generally been viewed as a secondary, 
complicating phenomenon which obscures 
the otherwise fundamentally independent 
nature of the initiation process 

Kastelein and his colleagues now present 
very persuasive evidence that initiation at 
the lysis gene requires translation of the 
preceding coat gene and a shift in the read- 
ing frame of at least some of the ribosomes 
into the +1 frame which, in turn, leads 
them to terminate at an ochre codon three 
nucleotides before the initiating AUG start 
codon This termination 1s required for 
translation of the lysis gene for 1f the ochre 
codon 1s removed, translation 1s abolished 
If by suitable manipulation of the cloned 
gene a frame shift is introduced which 
forces all or most of the ribosomes into the 
+1 frame, mitiation 1s enhanced Trans- 
lation of the lysis gene ıs strictly dependent 
on active translation at the coat cistron, 
supplying coat protein in trans does not 
replce this requirement 

These data strongly suggest that there 1s 
something special about ribosomes that 
have just terminated at the ochre codon 

that they are 1n a state which facilitates 

initiation at sites which would not normally 
be translational initiators It1s not yet clear 
what this special property might be, ıt 
could be a special state of the ribosome, or 
retention of the 30S ribosomal subunit on 
the RNA after termination of synthesis It 
has been noted previously that termination 


at various chain-terminating codons within ` 


genes facilitates re-initiation at specific 
distal sites, although here too the 
mechanism (s) remains undefined 

These observations would at first glance 
seem to run counter to recent im vitro 
results from Kayi’s laboratory Ryoji, 
Berland and Kaji (Proc natn Acad Sct 
USA 78, 5973, 1981) report that when 
they removed the ribosome release factor 
from Escherichia coli ribosomes and then 
supplied an RNA containing an amber 
mutation as template, these release factor- 
depleted ribosomes synthesize two 
fragments of the relevant protein One 
starts at the usual initiating methionine and 
stops at the amber codon, while the other 
starts at the codon immediately after the 
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amber codon and ends at the normal C 
terminus of the protein Ryoji etal argue 
that this result excludes ‘special conform- 
ation’ or ‘sterile pass’ models of ribosome 
initiation following termination They 
conclude that when a ribosome terminates 
it either dissociates completely or else starts 
again at the very next codon The 
characterization of the products of the 
release factor-depleted ribosomes was 
careful and thorough, the question that 
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remains 1s whether there 1s any relationship 
between the behaviour of these release 
factor-depleted ribosomes ın vitro and the 
phenomenon described in vivo by Kastelein 
et al Kaji and co-workers have carefully 
characterized an experimental system of 
their own design which may shed light on 
the mechanism of termination/initiation, 
but which may not be relevant to the 
genesis of the phenomena described by 
Kastelein et al They propose on the basis 
of their rather specific im vitro work that 
there are only two possible fates for a 
ribosome when it reaches a stop codon 

release with no special state, or retention on 
the mRNA, ın which case it will simply start 
protein synthesis at the next codon The im 
vivo studies from Van Duin’s lab suggest 
that other possibilities are available, and 
have been exploited bythe RNA phages O 


Magnetic messages from the Earth’s core 


from David Gubbins 


OveR the centuries the Earth’s magnetic 
field has shown marked changes This 
‘secular’ variation, known even to the early 
navigators, almost certainly originates in 
the core of the Earth and provides one of 
the few sources of information about the 
physical processes that occur there 
Shorter-duration magnetic field changes 
can also be recorded (on a time scale of a 
few years) but are hard to interpret because 
of the difficulty of separating changes in 
intrinsic magnetism from the short-term 
influences of the Sun and the upper 
atmosphere The major problem at present 
is how best to make use of the information 
provided by the secular changes 
Alldredge! has recently proposed a 
model of intrinsic field fluctuation The 
fluctuation propagates up through the 
Earth’s mantle, which 1s a rather poor 
conductor of electricity, and his model pro- 
duces surprisingly sharp changes at the 
surface In consequence, if we are to 
decipher these signals from the interior of 
the Earth, we must measure and study even 
shorter-period wavelength variations than 
hitherto This important conclusion stands 
quite independent of Alldredge’s special- 
ized and rather arbitrary models, and ıt 1s 
tmely coming soon after the MAGSAT 
mission which has provided the most 
complete and accurate magnetic chart we 
have ever had? Unfortunately MAGSAT 
only flew for a few months, not long 
enough to chart the secular changes with 
any accuracy At present the best data for 
this purpose come from permanent 
magnetic observatories A second 
MAGSAT, flown about five years hence, 
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would yield vastly more accurate and 
complete information 

The liquid core of the Earth extends out 
to about one-half the radius, is made 
mainly of iron, has a viscosity rather like 
water and ıs a better electrical conductor 
than copper The mobility of this liquid 
causes the magnetic field to change 
through electromagnetic induction The 
phenomenon occurs very rapidly in geo- 
logical terms, the fluid moving at arate ofa 
few millimetres per second 

Secular change was much discussed, 
even in the earliest days of geophysics 
Halley, like others of his tume, believed the 
magnetic field to be due to magnetized 
rocks. The secular changes could not be 
due to motion of rocks near the surface 
because the required speed would be too 
great, so Halley proposed that the interior 
of the Earth was hollow, and that an inner, 
magnetized sphere was rotating westwards, 
generating the slow westward drift of the 
magnetic field pattern? This remarkable 
theory came 200 years before the discovery 
of a liquid core by seismology With 
modern ideas of a ‘hot’ Earth and a liquid 
iron core we can now deduce a value of the 
core radius from magnetic measurements 
alone? 

The big snag 1s that we do not yet fully 
understand the dynamo theory of the 
origin of the magnetic field itself, and 
therefore there are no really satisfactory 
models of the field changes in the core 
Alldredge uses a very common mathemati- 
cal device representation by a distribution 
of dipole sources These dipoles have no 
physical meaning whatever, unless one 
wants to adhere to Halley’s ideas of moving 
magnetized rocks and represent them by 
little bar magnets 1n the core, which 1s not 
the intention Granted a source of field, 
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there 1s still a serious theoretical difficulty 
ın propagating magnetic disturbances 
through a liquid conductor, and ın order to 
make progress Alldredge has been forced 
into treating the core as a solid, thus sub- 
stituting the theory of electromagnetic 
propagation for the much more difficult 
hydromagnetic theory But the physics of 
the two situations are very different a 
liquid, for example, allows propagation of 
a variety of waves which are impossible ın a 
solid, and these waves will allow magnetic 
variations to propagate, when ın a solid 
they would be screened due to electrical 
conduction In fact the core possesses a 
whole spectrum of free hydromagnetic 
oscillations?. 

Although hydromagnetic theory 1s 
difficult, ıt ıs possible to describe the 
induction process ın the core by Maxwell’s 
laws On the time scale over which we have 
observations, say 10-20 years, the elec- 
trical conductivity of the core 1s so high that 


resistance effects can be ignored This 
assertion can, and has been, tested against 
observation One might hope, therefore, to 
infer the motion of the fluid at the top of 
the core from magnetic observations, but 
this 1s not possible® unless we can 
‘confidently make further assumptions 
about the forces driving the flow 
However, recent work has shown how to 
find some general features of the core flow 
even though a detailed map of the motions 
may be beyond our grasp For example, 
upwelling of liquid from deep inside the 
core can be measured at points where the 
magnetic field at the core attains a maxı- 
mum of minimum vertical component 
Surprisingly, the upwelling 1s very small at 
these locations’, suggesting that the liquid 
1s not convecting strongly, at least near its 
upper surface 

This and other recent proposals® suffer 
from the poor quality of available data 
Field changes are monitored at only a few 


Animal disease and conservation 


from Geoffrey R Smith 


WHEN the material interests of man and 
the well-being of wild animals are con- 
sidered side by side, real conflicts of 
interest emerge Advances ın human 
medicine lead to the growth of popula- 
tion, an increased demand for land and a 
corresponding loss in wildlife habitat 

Environmental! pollution 1s a well recog- 
nized side effect of industrial develop- 
ment Less well understood by many 1s 
the threat to wild animals from infectious 
disease Fatal or incapacitating infections 
may be introduced by domestic animals, 
and there can also be times when the des- 
truction of wildlife becomes necessary to 
protect man and domestic animals from 
disease These matters were considered at 
a recent symposium” held at the Zoolog1- 
cal Society, under the general chairman- 
ship of Sir Andrew Huxley, PRS. 

From 1889 to 1898 rinderpest swept 
from North-east Africa to the west coast 
and Cape of Good Hope ın a ‘virgin- 
ground’ panzootic that produced catas- 
trophic losses ın cattle and many wild 
ungulate species (W Plowright, ARC 
Institute for Research on Animal 
Diseases) The disease was eliminated 
from southern Africa, but a focus of mild 
permanent infection later became estab- 
lished ın the Serengeti region Rinderpest 
disappeared from both cattle and game in 
that region 1n about 1964, after cattle had 
been treated with attenuated tissue- 
culture vaccine for several years Between 
1961 and 1971 the number of buffaloes 
and wildebeest ın the Serengeti more than 
doubled, probably largely because the 


*The proceedings of the symposium on ‘Anima! disease in 
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published for the Society by Academic Press ın the series 
‘Symposia of The Zoological Society of London’ 
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young no longer died from rinderpest 
There are now 1-15 million highly 
susceptible wild ungulates in the 
Serengeti. Once again they are under 
threat of invasion by rinderpest from the 
north-east Plans need to be made now to 
meet this threat 

Although antigenically very simular, 
rabies virus strains from vampire bats in 
South America and foxes in western 
Europe have characteristic features 
detectable by monoclonal antibodies 
Bats and foxes are sometimes killed as a 
means of controlling rabies When fox 
population density falls below 03 per 
km? the disease disappears An alter- 
native strategy, still experimental but 
possibly of great significance, 1s the use of 
attenuated virus, concealed in chicken- 
head baits, to immunize foxes The oral- 
vaccine virus multiplies in the tonsil and 
so far shows no sign of reversion to viru- 
lence (F Steck, Vet.-Bakteriologisches 
Institut, University of Bern) 

The role of animal infections ın the 
origin and spread of human influenza 
pandemics 1s still the subject of much 
speculation (M Kaplan, Pugwash Con- 
ferences on Science and World Affairs, 
Geneva) Inter-species infections can and 
do occur on occasion, apparently when 
mutations and recombinations take 
place The segmental mode of replication 
of influenza virus favours recombinative 
encounters between human and animal 
strains Wild birds, ın which infection 1s 
mainly intestinal and symptomless, con- 
stitute an ineradicable reservoir of the 
everchanging virus — a reservoir that 1s a 
permanent potential threat to man and 
other animals Recent observations on 
whales, seals and terns show that 


Southern Hemisphere sites The field must 
be projected down onto the core surface 
before ıt can be interpreted — a procedure 
well understood 1n principle but inherently 
unstable when the observations are 
inaccurate or sparse Two recent models of 
the secular change for 1965 agree quite well 
at the surface of the Earth but differ by 
facters of up to two or three at the core 

The differences are due in part to the 
m2thods that are used ın computing the 
models from the observations, and not all 
to inadequate data, so that while we wait 
for another MAGSAT there ıs still hope for 
improvements ın models of past years by 
new énalytical methods. oO 
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injluenza in wildlife is not always sub- 
clinical, and that high mortality can 
occur 

Botulism kills millions of waterfowl 
annually on lakes and marshes through- 
out the world, and no radical control 
methods are known (G R Smith, 
Institute of Zoology, The Zoological 
Society of London) Mud from certain 
localities, such as the Camargue, inhibits 
the growth of Clostridium botulinum 
Our knowledge of the inhibitory mech- 
an:sms 1s incomplete, and a deeper under- 
standing might give some hope for 
control As an adjunct to wetland 
management, surveys for the causative 
organism are advocated to distinguish 
between areas of high and low risk 

The evidence that bovine tuberculosis 
infection 1s transmitted from badgers to 
catile 1s irrefutable, and the impossibility 
of separating the two species physically or 
protecting them adequately by vaccin- 
ation has necessitated the policy of 
gassing badgers in the south-west of 
England (Sir William M Henderson) 
While research on the problem continues, 
the present control policy cannot be 
abandoned without causing suffering for 
us all — human beings, cattle and, not least, 
badgers. 

It 1s impossible to generalize about the 
part played by disease ın the control of 
numbers of wild animals in comparison 
with that due to water and food supply 
But what the symposium made absolutely 
clea ıs that the whole field of animal 
disease 1s now of major importance The 
subject overlaps at almost every point 
witk that of disease in man and 1n domes- 
ticated animals and offers a great intellec- 
tualchallengetotheresearchworker O 
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While apparently supplying tremendous power to their extended radio-emitting regions, the nuclei of most radio galaxies 
emit little detectable radiation It is proposed that at the centre of each ıs a spinning black hole surrounded by a torus of gas 
too hot and tenuous to radiate efficiently The torus anchors magnetic fields which extract rotational energy from the hole in 
the form of two collimated beams of relativistic particles and fields These tn turn drive the observed radio jets and hot spots 


A large supply of accreting gas ıs thus unnecessary and radio galaxies may be interpreted as starved quasars 





ALL extended radio sources seem to be associated with elliptical 
galaxies or quasars, and the evidence’ suggests that quasars too 
are located ın ellipticals As the present number-density of dead 
quasars 1s comparable with that of elliptical galaxies**, ıt 1s 
reasonable to suppose that radio sources are powered by 
~10ê Mo black holes? left over from a quasar phase A long- 
standing problem ın the theory of active galactic nuclei has been 
that of finding a supply of nuclear gas adequate to ‘feed the 
monster’ Stars ın the galactic nucleus cannot provide more than 
~10°3 Mo yr™, unless conditions are so extreme that stellar 
collisions dominate the evolution* Gas originating further out 
must dispose of substantial angular momentum to enter the 
nucleus? °, and ıt must do so before succumbing to galactic winds 
or star formation 

The observational evidence 1s less ambiguous radio sources 
almost certainly do have low fuelling rates Low-luminosity 
double-jet radio sources of the sort being mapped with the VLA 
generally have no detectable nuclear emission 1n the optical or 
X-ray bands, of the more powerful double hot spot radio 
sources, only a few (such as 3C390 3 with ~2 x 10% ergs™ in 
both optical and X-ray bands’, and Cygnus A with ~2 x 
10% ergs? in optical continuum’) have nuclear luminosities 
above 104? ergs '=107* Mg’ Leaa (refs 9, 10) They cannot be 
produced by any process requiring super-Eddington luminosity, 
unless the hole mass 1s very small This it cannot be because 
(even aside from the progenitor argument) some low-luminosity 
radio sources have giant (~Mpc) extensions with minimum 
energies'' of up to 2 x 10 ergs *=10° Moc? Even if we make 
optimistic estimates of the efficiency of the central ‘engine’ and 
of the likely efficiency with which power emitted from the 
nucleus can accelerate relativistic electrons ın the radio lobes, 
we must conclude that a mass of at least 10’-10® Mo 1s involved 
(in computing the powers and energies above, we have used a 
Hubble constant of Ho = 50 km s~* Mpc™*) 

Recent VLBI observations!" have corroborated the view 
that the jets which power extragalactic sources are collimated on 
scales <1 pc These observations reveal small-scale structure 
which 1s generally aligned with larger-scale structure Mis- 
alignments of up to ~45°, which have been found ın the core- 
dominated superluminal sources, are probably caused by view- 
ing a slightly curved jet along an almost parallel line of sight In 
the case of the cores of extended radio sources, however, the 
alignment is fairly good Any mechanism which purports to 
explain them must, therefore, be capable of producing colli- 
mated jets of at least trans-relativistic velocities while radiating 
as waste heat much less than an Eddington luminosity 
Furthermore, ıt must, at least in some more extreme sources, put 
orders of magnitude more power into the jet than escapes as 
(detectable) radiation from the nucleus These constraints rule 
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out the class of models involving thick disks supported by 
radiation pressure t?’ 


Sub-critical accretion 


To understand radıo sources, we should therefore study 
accretion at very low rates, M « Mea = Leaa/ c? Accreted gas 
should carry with ıt some magnetic flux, and shearing motions 
will maintain the magnetic field energy B*/87 at a significant 
fraction 8’ of the pressure P The Larmor radius 1s then, for the 
applications which interest us, about 10 orders of magnitude 
smaller than the scale of the flow Ordinary ‘molecular’ viscosity 
will consequently be suppressed, and magnetic (or possibly 
turbulent) viscosity will probably govern the shear stress The 
viscous stress may be written as aP, where estimates of magnetic 
viscosity suggest a =0 01 (ref 26) Although this estimate 1s 
uncertain, there 1s no reason why æ should diminish as M falls if 
a 18 fixed, the torque per unit mass will be independent of M 
(except insofar as the disk structure depends on M) Thus the 
inflow time ın a disk of half-thickness A(r) around a hole of 
gravitational radius r, = GM/c’, 

—2 r 
(2) (1) 

c 


2 () 
L=a “|\|— = 
re r 
does not depend explicitly on density (See refs 27-29 for the 
standard theory of thin disks with h «r ) The cooling time, on 
the other hand, 1s inversely proportional to the density 

The thickness of the disk depends on how fast it can radiate (or 
othe-wise dispose of, say by a wind) the binding energy liberated 
by viscous stresses The major cooling mechanisms available to 
the accreting matter are illustrated in Fig 1 Depending on 
mutial conditions and external perturbations the matter may find 
itself ın any of several temperature states In fact, for 107 < 
(M/Mgag)a 7 = 50 there are two self-consistent solutions to the 
fluid and radiation equations 

One 1s a thin, dense disk that remains at ~10*K If matter 
with well defined angular momentum ıs fed ın steadily (with high 
angular momentum) at a large radius, and there are no traumatic 
perturbations, this cold disk should be selected These disks are, 
however, subject to instabilities’ *°**, and if heated up and 
thickened, they will thereafter be unable to radiate the energy 
diss:pated by viscous stresses, and will inflate to become pres- 
sure-supported torı with vortices along the rotation axis (see Fig 
2) The hot torus solution will also be selected if cool matter 1s 
preheated by high-frequency non-thermal radiation (for exam- 
ple, from a jet), or if the gas ıs supplied hot (for example by 
colliding stellar winds* or by tidal disruption of stars?’ **) Both 
of these latter examples lead to flows which join naturally onto 
the ones described here 
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For an optically thin disk to radiate by bremsstrahlung, the 
energy dissipated between r and r/2, the accretion rate must 


satisfy 
1/2 2 2 
i = M/Mzu> ar (7e s) a’(") r>(”) (S)r (2a) 


Ma r r r 
2 
(=) œ% 
m 


e 


3 
m > aita*(") (log Y), r< (=) 


where a;=1/137 1s the fine structure constant and y,.= 
3kT./m.c” Hence at the low accretion rates of interest (m = 
107$), a disk once heated to T = Tyna = (mpc7/3k)(r,/r) will be 
unable to cool through bremsstrahlung and must remain 
pressure-supported with h =r 

As the gas moves in, however, ıt will shear and amplify any 
seed magnetic field until B?/87 = P,,,, and the fields begins to 
rise buoyantly out of the disk (moving perpendicular to the plane 
of a thin disk, towards the vortex funnel ın a thick torus) We 


thus expect the ratio 8 to be self-limiting at 8 ~1, although £8 ° 


may be «1 ın a corona if the latter ıs threaded by field lines 
anchored to interior (high-pressure) parts of the disk, as ın the 
solar atmosphere The corona may also join onto a wind (M C B 
etal ın preparation, and ref 34) This magnetic field provides 
the torus with a new cooling mechanism for r<(m,/m.)r,, 
electrons at the virial temperature of the ions would be rela- 
tivistic, and each would radiate an energy 


50 31/4 
m) m2 a3 BPM? (3) 


` 


by optically thick synchrotron radiation as ıt spiralled in from r 
to r/2 (where m_,4=10* m and a_,=107a@) The actual cooling 
rate 1s considerably higher for 





AE, = kT 
4/5 
P< fom (=) (maS =65m a35 4) 


Fig. 1 The dominant local cooling 
mechanisms for a representative (a = 
10~?, B=1) low-accretion rate (m= 
M/ Mzaa = 10~*) flow about a central mass 
of 10®Mo, as a function of distance 
(measured ın units of r = GM/c) from 
the central mass and electron temperature 
(which also parametrizes disk thickness, a 
scale of electron kinetic energy mm units of 
m.c? 1s at right) We have assumed elec- 
tron and 10n temperature to be every- 
where equal, although Coulomb collisions 
are insufficient to maintain equtpartition 
for disk states above the heavy solid line 
In the C-shaped region to the left of the 
double lines the cooling rate exceeds the 
rate of viscous heating and the disk will 
collapse To the night of the double lines 
the rate of heating exceeds that of cooling 
and the disk will thicken (states above the 
h/r=1 line are unphysical in the absence 
of external pressure forces) SSC denotes 
synchrotron self-Compton cooling (‘the 
Compton catastrophe’), 7,, 1s the optical 
depth to Thomson scattering 


Te (K) 


SlYe— L) TeslTes +1) fory.—1«1 


a PYoTeslTea t1) for y.—1>1 
is the Compton y-parameter Not 
included are induced Compton cooling, 
non-local Compton cooling/heating and 


since then the dominant cooling 1s due to Compton scattering of 
the synchrotron photons (Fig 1) Thus if the electrons and tons 
are kept in energy equipartition, a thick torus will cool and 
deflate to a thin disk for r = 50r, 

The torus will be ‘collisionless’ inside some large radius 
(typically ~2,000 r,, but defined more precisely below), in the 
sense that through two-body collisions alone protons at 
temperature T, give less than half their energy to electrons (with 
T.< T,) on the inflow time scale, 1f 


3/2 
m< (=) (In Ay*a(7 Te =) 


A m r T, 


T 3/2 
soaa (200r) (TA? cime? (sa 
p 





m< (=) (2. 92 =50y,.@7 kT.>%m.c? (5b) 
m./\ln A 
In these conditions, collective plasma phenomena will deter- 
mune the particle distribution functions, the radiative efficiency, 
and thus the pressure and shape of the whole torus/disk In most 
of what follows we assume that collective processes are unable to 
transfer more than half the proton’s kinetic energy to the 
electrons [which would ın turn quickly radiate ıt compare with 
equation (3)] Given the complexity of the plasma physics and 
the uncertainties ın accretion theory, ıt may be a long time 
before this assumption can be checked If the collective transfer 
can take place, the structure 1s sumilar to that already familiar 
from results at high accretion rates If ıt cannot, one con- 
sequence, as already realized ın the context of accretion disks 
around stellar-mass black holes*° *°, 1s a ‘two-temperature’ flow 


Two-temperature tori 


Consider an accretion flow where equation (5) 1s satisfied for 
r<rp, and assume that the protons and electrons are then 


LT 


ynchrotron 


M 


w/ 
NYS) 


VLA 


N 


j | NTT 


N 


collision less 


u 





losses to winds The disk 1s everywhere supported by gas pressure Radiation pressure 1s only important in the inner parts of cold, thin disks for m>107° If, 
for r=10°r,~ 100 Mg pc, the disk ıs heated to a temperature above that at which bremsstrahlung cooling becomes inefficient (double dashed line) it will thicken 
to a torus, h~r For r<rp=2X10*r, (point 1), Coulomb collisions cannot maintain equipartition If plasma processes take over this job, the disk will begin to 


cool by SSC at r=50r, (point 2) and will gradually thin to (k/r)~+ at r=10 


Tg, at which point (3) bremsstrahlung will rapidly cool ıt to a new equilibrium at 


T ~ 10* K and (h/r)~107* where it radiates as a black body (optically thick bremsstrahlung and line cooling just balance viscous heating) If, as assumed here, 
equipartition cannot be maintained, the electrons continue to cool (Fig 3) inside r= Tp (point 1) but the ions remain at the virial temperature The torus will 


thus remain thick, with the structure shown in Fig 2 
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indeed thermally decoupled from each other Equation (2) 
shows that, for m_, = 1, the thick (hk =r) torus ıs a self-consistent 
solution even for r > rp = 2,000r, (see Fig 1) At rp > rp, elec- 
trons and 1ons will decouple, but as neither can cool, they may 
remain at the same temperature For r<rp, the electrons 
become relativistic If the heating of both species 1s adiabatic, 
then T, € n°? while T, © n'?, so the 1ons are preferentially 
heated Shock heating may likewise favour the ions, as 1so- 
tropization of the bulk flow velocities will give to each species a 
thermal energy proportional to its mass Fermi acceleration 
processes will amplify any temperature difference once 1t exists 
Thus the electrons are granted little of the 1ons’ energy, despite 
their ability to radiate ıt [equation (3)] The ions remain at the 
virial temperature, and the two-temperature torus remains thick 
even inside r= 50r, [equations (3) and (4)] 

If the torus surrounds a spinning black hole, the Lense- 
Thirring effect can enforce axisymmetry with respect to the 
hole’s spin axis’’ out to a radius ~ œ~? (J/J max)? re where J 18 
the hole’s angular momentum and Jmax = Mr,c 1s the maximum 
value allowed by the Kerr metric We would expect the holes to 
have been spun up to J~Jj,., during their previous quasar 
phase??? There may be misalignment outside this radius if the 
gas is not supplied in the equatorial plane of the hole The 
isotherms within the torus can then be calculated in the same 
way as for radiation-supported tori’*'*?* If the pressure 
support ıs due primarily to non-relativistic 10ns, then the 
effective specific heat ratio will be about 5/3 If œ is independent 
of radius, then n oc r~?/?, and most of the mass of the torus 
resides at large radu If both these conditions are fulfilled, then 
the 10ns are roughly isentropic 

The contours of Fig 2 have been computed by this procedure 
The results are subject to the same uncertainties as those for 
radiation-supported tort problems with self-consistency in 
viscosity (R D.B and M Jarozyńskı, in preparation), and the 
absence of a formalism for properly matching one of these inner 
solutions onto a flow field specified at large radi. Magnetic fields 
will modify the simple structure shown However, essential 
features, such as the characteristic vortex funnel, which becomes 
parabolic in the I:mit of a flow with constant specific angular 
momentum / and ıs less collimated than parabolic for a flow with 
l increasing outwards, are unlikely to be changed (Flows for 
which / decreases outwards are argued to be unstable, note, 
however, that / must be constant along the surface if there 1s no 
poloidal circulation and we insist that the surfaces have zero 
energy-at-infinity ) In this ‘zone of non-stationarity’, matter 
cannot have enough angular momentum to achieve near-equi- 
librium between centrifugal force, pressure and gravity A fluid 
flow ın the funnel must either fall straight into the hole, or have 
enough enthalpy to leave the region rapidly Hydromagnetic 
effects*° or flares (compare with previous remarks about buoy- 
ant fields) on the funnel walls will inject into it particles of 
positive energy-at-infinity The liberated power will escape 
along the two funnels, leading to a pair of inertially collimated 
jets carrying some fraction of Mc? = 10** m_4M ergs”! This 
may be enough to explain the low-luminosity double-jet radio 
sources 


Electromagnetic extraction of the 
hole’s rotational energy 


If the central black hole 1s near-maximally rotating (J = J max), 2 
much greater supply of free energy 1s available the rotational 
energy of the hole (up to 29% of Mc? for J =Jmax) If an ordered 
electromagnetic field can be supported around the hole, then ıt 
can put particles (which may ın fact be inside the horizon 1f the 
field threads the latter) systematically on negative energy orbits 
The negative energy swallowed by the hole appears as positive 
energy in the external fields and thus drives away from the hole a 
Poynting flux of luminosity’ *? 


Lem © Bos rz (J/Jmax)°C (6) 


where Bpu 18 the poloidal field ın the flux tube that intersects the 
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Fig. 2 An accretion torus supported by ion pressure surrounds a spinning 
black hole The torus defines a pair of funnels capable of collimating a 
relatrvistic hydromagnetic flow which ultimately forms the observed radio 
jets The enlargement shows the inner regions of the torus and displays 
contours of 10n temperature ın units of 10! K (solid lines) These have been 
calculated assuming that the 1ons are an isentropic gas with constant specific 
angular momentum and that the hole (horizon H) has J =0 9 J,,,, (see ref 
19) The outer isotherm ıs also the surface of zero binding energy The 
dashed lines represent the magnetic field lines ın the configuration discussed 
in the text A poloidal current flows in the funnel Large toroidal currents and 
the return poloidal currents flow in a thin surface layer (stippled) 


hole s horizon If J = J max then this power < 10“*Mza_3m_,4B ini 
ergs (where ßBpu=(maxımum gas pressure in 
torus)/(B21:/87r)) can exceed by 2a™! the rate of liberation of 
binding energy by the accreting matter The torus will be able to 
confine and initially collimate the extracted power, as the asso- 
ciated radiation (or rafh) pressure will be less than the gas 
pressure ın the torus 1f 


Mc?/4a> Lem © Mc?/(20aBou) (J/ Imax)” (7) 


Both these inequalities are nearly always satisfied since 
Bou 2 1 

Tc extract power predominantly from the hole, we must have 
Bpu=1 and a «1 Is this consistent with a physically attainable 
disk structure? One might naively suppose that the poloidal field 
could be generated by currents distributed through the torus, 
and thus be an extension of an ordered field structure within it 
But if this were the case, the internal fields would transport 
energy and angular momentum outwards so efficiently that 
a =1and Lem would be <Mc’ Furthermore, ın the presence of 
a magnetosphere any current loop ın keplerian rotation around 
a central mass loses energy from its outer light cylinder at a rate 
(~vacuum magnetic dipole power) = (Jmax/J)* times the rate at 
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which ıt could extract power were the central mass a black hole 
of angular momentum J If the current loop runs in an accretion 
disk, the missing power must be provided by the liberation of 
binding energy, which again implies Lem = Mc? (compare with 
the thin-disk solution of Blandford and Znajek** in which 
Lem = 0 3 Oloy Lask) 

To understand how a torus could avoid all this energy trans- 
port and loss, it ıs helpful to consider the time evolution of a 
perfectly conducting torus with a very weak (6, > 1) magnetic 
field piercing it at large radu (It may also have internally closed 
field loops of arbitrary strength ) This weak field 1s convected ın 
with the flow, and by applying Faraday’s law to a sufficiently 
large loop encircling the rotation axis, we find that the magnetic 
flux through the funnel increases as we carry field in, even 
though the field lines are causally disconnected from the matter 
in which they were frozen after the latter has crossed the 
horizon*? If the torus behaves like a perfect conductor, it will 
exclude this increasing external flux by developing surface cur- 
rents The field and surface currents will increase (perhaps 
shutting off the accretion altogether) until either some massive 
plasma-field interchange instability leads to an explosive energy 
release or, more likely, dissipation ın the surface layer destroys 
piercing field as fast as ıt ıs convected in The structure of such a 
torus 1s rather different from that of the field-free torus the 
J, X B, force across the surface layer (funnel boundary) must be 
balanced by a gradient of gas pressure, so that at its base 
Pos B?u/87r If we want Bpx=1, most of the drop of gas 
pressure must occur ın the surface layer, the inner parts of the 
torus being at roughly constant pressure 

We can imagine the following self-consistent solution for a 
torus with a jet (Fig 2) toroidal currents ın the thin surface layer 
of the vortex funnel produce a poloidal field which 1s torqued by 
the hole, driving an outgoing Poynting flux This will soon 
become plasma-loaded, toroidal fields will begin to dominate, 
causing self-collimation** “* *° The return poloidal current must 
also flow ın the thin surface layer, pulling material from :t into 
the funnel, but leaving the bulk of the torus unaffected The only 
forces from the jet transmitted to the body of the torus are those 
due to the poloidal field (transmitted by the gas pressure ın the 
subcutis), whose pressure drops as (area of funnel)~* and which 
thus has less effect on the structure of the torus the further out 
we go Simple solutions ignoring the jet can therefore correctly 
model the torus, while the jet may collimate itself on the 
paraboloidal field lines thus defined without exerting much 
modifying force 

The above discussion shows how a torus supported by 
10n pressure, with a low accretion rate M. can catalyse the 
extraction of a hole’s spin energy at arate =Mc* Moreover, we 
show below that the luminosity from the torus itself may be 
«Mce? Thus if the meagre losses from the torus can be replaced 
by energy and angular momentum extracted from the hole, 
there need be no accretion only the inertia of the torus, and the 
currents ın ıt are needed to confine the magnetic fields that tap 
the hole’s energy 


Losses and radiation from the torus 


The total power dissipated in the surface layer of thickness s 1s 
~ (s/r,)Lem< Lem Moreover, as only a very weak field need 
penetrate the torus, transport and losses from the outer ght 
cylinder may also be negligible The radiation emitted by the 
body of an 10n-supported torus will be primarily non-thermal, 
its magnitude depends sensitively on the efficiency of eleciron 
acceleration The torus will generally be optically thin to Thom- 
son scattering, with a total optical depth along a line of sight ın 
the equatorial plane, from the hole to infinity, of ~ ma 

Incoherent cyclotron and synchrotron radiation will be self- 
absorbed (The conditions envisaged resemble those of a so- 
called ‘plasma turbulent reactor”®, so that a power law spectrum 
may be set up) The torus will, however, be optically thin to y 
radiation produced by relativistic electron bremsstrahlung, and 
to inverse Compton radiation at frequencies above 10’ Hz The 


relevant relaxation times that go into fixing the electron 
temperature are plotted in Fig 3, which shows that the electrons 
will be able to radiate efficiently from the inner part of thè torus 
only if their temperatures exceed 10°°K At higher tempera- 
tures the power radiated increases very rapidly with tempera- 
ture the optically thick synchrotron losses vary as T?, and the 
dependence on T, 1s steepened further because repeated 
Compton scattering of synchrotron photons up to the y-ray 
band dominates when y27,,>1 However, as long as equation 
(5) 1s satisfied, the electrons can radiate only the small fraction of 
the total energy which they can drain from the ions (or derive 
from adiabatic heating) and the 10n-supported torus will not 
collapse For the parameter range of interest, the radiation will 
be in the far IR or the y-ray region of the spectrum, according as 
m S 10-5a348°3/5M,'/ We cannot exclude the possibility 
that coherent radiation from fields ~ 100 G may be important 
But, although this might seem relevant to the phenomenon of 
low-frequency radio vartability*’ ıt would be subject to electron 
synchrotron absorption and induced Compton scattering“? “”° 
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Fig 3 Dimensionless electron relaxation rates y7! as a function of the 
electron temperature T, yz! ıs related to the heating or cooling rate per 


unit volume e, by 


The lines are drawn for a = 107”, B = 8ankT,/B?=1, m = M] Mgaa = 107$, 
r, =r/1, =5,and M =10°Mo The relaxation rates with appropriate scalings 
are compressional heating, yy © @?m', collisional heating by tons, 
xr! x rz, optically thick synchrotron cooling, yj ;' œ 
a'/228 -3% 2757/4 2M", optically thn Compton cooling, 
x: Ža ptr? 5 m?, and relativistic electron bremsstrahlung yj’ (no 
scaling) Self-absorption of the Compton radiation, double-Compton and 
pion cooling and pair production are unimportant for the rarge of densities 
and temperatures under consideration The virial temperature of the ions 
ts 7x10" K (r,/5)~’ (see also Fig 2), while in the absence of losses, 
compressional heating of electrons transrelativistic at r,~1,000 would 
give T,=3x 10"? (r,/5) "2 K 
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The y-ray flux from the inner regions of the torus (which may 
include a redshifted positron annihilation line) would have only 
a small probability of being reabsorbed near the hole Never- 
theless, the small number of interactions that will occur can 
produce sufficient electron—positron pairs within the funnel to 
complete the circuit and allow electric current to flow through 
the hole For example, to support an electromagnetic power of 
10** ergs”* in the funnel, a current of 3x10” A must flow, 
which requires a minimum parr creation rate of ~10°°s7? This 
can be maintained by y rays from the torus 

If, as assumed above, the electrons and 1ons are indeed 
thermally decoupled when equation (5) 1s satisfied, then the 
inner part of the torus will radiate much less than 0 1 Mc?, and 
this power ıs ın the far IR or the y-ray band But if, on the other 
hand, collective plasma effects couple the 1ons ahd electrons at 
all radu, then (see Fig 1) there will be a thin disk for r < 50 r, 
radiating ~0 1 Mc’ with a spectrum peaking ın the optical For 
m_4>50 a*2, even Coulomb coupling of electrons and 1ons 1s 
efficient enough to cool the 10ns, and one would expect a thin 
disk radiating in the near UV When m ıs low, the predicted 
emission from galactic nuclei depends so drastically on whether 
or not the electrons and ions are coupled by plasma effects, that 
this issue can perhaps be settled observationally more readily 
than by the efforts of plasma theorists 

The maximum power that can be self-consistently extracted 
from a black hole by a thick 10n-supported torus, M being given, 
is achieved when œ has the lowest value consistent with the 
electron-ion decoupling condition m<50a?* Even if M 1s a 
free parameter, the maximum power than can be self-consis- 
tently extracted from a black hole by a thick torus supported by 
ion pressure is ~10*°a@_,Msgergs' However, if strong 
magnetic fields are anchored in a dense radiation—pressure- 
supported torus’**’, whose thermal luminosity 1s = Leasa, there 
1s no clearcut reason why the power extracted electromagnetic- 
ally from the hole should not be orders of magnitude larger A 
model along these lines may be relevant to objects such as 
3C273 where (1n contrast to the radio galaxies) there 1s a nuclear 
thermal luminosity ~ Lega, but where there 1s evidence also for a 
powerful relativistic jet 


Astrophysical context 


We have argued that, provided the viscosity parameter æ 1s not 
too low and the electron-ion coupling 1s sufficiently weak, a 
two-temperature, 10n-supported torus can be maintained 
around a massive black hole accreting gas at a very subcritical 
rate in a galactic nucleus The inner region of such a torus can 
collimate a pair of relativistic jets comprising electrons, posi- 
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trons and electromagnetic fields If radio jets originate in the 
funnels of accretion torı, the latter are likely to be supported by 
10n pressure rather than radiation pressure in most observed 
cases The luminosity of the torus would then be far less than the 
kinetic energy flux ın the jets (The scale of the observed Jets 1s, 
of course, many orders of magnitude larger than the torus ttself, 
so some further collimation process may also be operative) 

If most of the power 1s extracted from a spinning black hole, a 
fuelling rate of ~10-° Mo yr’ suffices for most radio sources A 
‘baseline’ value for M ın galactic nucle: would be supplied by 
debris from stars which pass so close to the hole that they are 
tidally disrupted***** This debris would have an angular 
momen:um appropriate to an orbit at a few times r, (for Ma = 1) 
but a specific binding energy of only ~107°c? (ref 33) This 
debris would then form a torus extending out to ~10°,,, a 
single disrupted star could then maintain m = 10~* for ~ 10° yr 

If the energy ın radio source jets derives mainly from the spin 
of the central black hole, then the hole probably underwent a 
phase of rapid mass accretion at an earlier epoch One can 
speculate on a possible evolutionary sequence governed by 
accretion rate If m>410, a radiation-supported torus can be 
formed. For 50a*<m < 10 the situation 1s less clear, but an 
10n-supported torus could possibly result, with most of the mass 
being contained within cool clouds or a thin disk 

Disks with m > 50a? will be strong sources of ionizing radia- 
tion, and should be associated with strong line emission from the 
nucleus Tori with m < 50a? will be essentially invisible except 
as y-ray sources Both may drive the strongest of extended radio 
sources Recent quasar observations have shown that the 
majority are radio-quiet, have small percentage polarization, 
and relatively low X-ray luminosity” Presumably these do 
not create large fluxes of relativistic particles, and are perhaps 
~ 10° Mo black holes surrounded by radiation-supported tor 
without dominant magnetic fields Seyfert galaxies may be 
similar, but with ~10° Mo black holes The radio loud and 
(usually) X-ray luminous objects may then be associated with 
electromagnetically powered torı, the BL Lac and superluminal 
radio sources perhaps being viewed at small angles to the jet 
AXIS 

Finally, the physics we have been discussing, with the excep- 
tion of the detailed radiative properties of the torus, involves no 
intrinsic mass scale. Indeed, there may be an 1on-supported 
torus around a <10° Mo hole in our galactic centre, and rela- 
tivistic jets collimated by torı around stellar-mass black holes 
may exist within our Galaxy 
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Recent field work on the Kohistan complex in the Karakorum Range of North Pakistan has shown tts stratigraphy to be 
repeated by several phases of tight to tsoclinal folding. This reveals a close association between igneous activity and a late 
deformation and complicates the previously proposed island arc model. 





AN exciting crustal section has recently been discovered 1n the 
Karakorum Range of North Pakistan’? This was considered to 
be a complete section of an island arc (the Kohistan complex or 
sequence) thrust over rocks of the Indian plate and turned on 
end during Himalayan orogeny (for details of the regional 
setting, see ref 3) The arc was initially interpreted as a strat- 
graphic sequence from upper crustal sediments and volcanics ın 
the north through tonalites and diorites to lower crustal granu- 
lites in the south. Our recent field work has shown a more 
complex structure, stratigraphy being repeated by several 
phases of tight to 1soclinal folding. The Kohistan sequence forms 
a major tight syncline whose plunge varies over 90° and this folds 
a complete section through the crust, the lower crustal rocks 
having previously been isoclinally folded The Kohuistan 
sequence was thrusted southwards over the gneisses of the 
Indian plate and the earlier arc structures were steepened to a 
near-vertical attitude Most of the tonalite—diorite suite was 
intruded during this deformation sequence, but some outlasted 
the deformation This close association between igneous activity 
and late deformation complicates a simple arc model 


North-south traverse 


Figures 1 and 2 show a simplified map and section of the 
Kohistan area adapted from refs 3, 4 and a new unpublished 
map byR A K Tahirkheli We consider here a north to south 
section from the Karakorum Ranges to the molasse deposits of 
the Indian plate In the Hunza valley in the north there ıs a 
chaotic arrangement of lithologies including limestones, sand- 
stones, conglomerates, basic volcanics and ultrabasic rocks such 
as serpentinites, meta-harzburgites, talc-carbonate and talc- 
chlorite schists, all occurring as lenses several kilometres long 
separated by chloritoid slates These slates increase in grade 
rapidly northwards to garnet-staurolite mica schists intruded by 
the granodiorites of the Karakorum batholith The slates and 
schists contain a well developed schistosity folded around a 
large-scale, gently dipping synform (see Fig 2) This chaotic pile 
of lithologies resembles a large-scale tectonic mélange which 1s 
situated along the northern suture 

To the south there are gabbros, basic volcanics, including 
spectacular sections of deformed pillow lavas, volcaniclastic 
sediments and greywackes folded into tight large-scale anti- 
clines and synclines Further south these sediments and vol- 
canics are invaded by tonalites, diorites and large pegmatite 
swarms, locally constituting 30% of the rock volume Between 
these intrusions there are screens of graded greywackes and 
pillow lavas from which younging directions can be obtained 
(see Fig 1) This sequence extends for ~70 km from the north- 
ern suture The dominant structures are large-scale, upright 
antiforms and synforms, whose hinges plunge steeply NNE 
parallel to mineral lineations down the dip direction of the 
cleavage The major structure shown on the map 1s a westward- 
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facing, steeply plunging anticline at Gilgit and a complementary 
mayor syncline with a half wavelength of >50 km together with 
common smaller-scale parasitic folds These structures bring the 
major stratigraphy from north of Gilgit southwards to Jagiot, 
particularly repeating the spectacular pillow lavas seen in the 
north This same Jaglot syncline probably continues westwards 
to the central part of Kohistan where it contains the Eocene 
Kalam volcanics* and underlying sediments, ın this region the 
syncline has a more horizontal plunge 

On the south limb of the syncline one passes down into a vast 
stratiform cumulate complex containing chromite-layered 
dunites, troctolites, gabbros and predominant norites with 
spectacular phase graded units There are very spectacular and 
abundant graded units which have allowed numerous younging 
directions to be obtarnec In the Chilas area these layers are 
deformed into large-scale steeply plunging folds, parasitic on the 
Jaglot syncline However. there are changes ın facing direction 
as shown by the cumulate grading indicating an earlier major 
isoclinal fold phase The central part of the Chilas complex ıs 
composed of a zone of ultramafic rock and this youngs to 
metanorite at the northern and southern margins The whole 
Chilas complex 1s interpreted as one isoclinal anticline refolded 
by Jaglot syncline age structures. The complex has suffered 
metamorphism of two pyroxene granulite facies, the minerals of 
which are aligned ın the fabric of Jaglot syncline age 

There are two important later stages of deformation which 
affect both the Chilas complex and the metasediments and 
igneous rocks to the north A phase of southward dipping, 
small-scale folds produces crenulation cleavage in the more 
schistose rocks, possibly related to the nearly recumbent fold in 
the Hunza valley Later deformation produced a major con- 
jugate set of NW-SE dextral and NE-SW sinistral trending 
shear zones with dominantly strike-slip sense of displacement 
these vary from ductite to brittle, and from phyllonites of 
amphibolite-greenschist facies to pseudotachylites 

To the south of the Chilas complex there 1s a complex 
sequence of metasediments, amphibolites, gabbros, deformed 
granites and pegmatites and post-tectomic granites Most rocks 
show two phases of deformation the dominant second phase 
deforms early fabrics and folds, and produces steeply-plunging 
folds parasitic on the Jaglot syncline as shown ın Fig 2 

At Patan there ıs the Jiyal complex® of chromite-layered 
dunites and granulites, which we interpret as part of the Chilas 
complex metamorphosed to a high-pressure (garnet-clinopy- 
roxene) granulite grade This interpretation requires a first- 
phase tight syncline between the Chilas and Jiyal complexes The 
Jıjal complex shows two phases of deformation similar to those 
described above, the first fabric of which 1s difficult to detect, 
being largely overgrown by granulite facies assemblages To the 
south the rocks become intensely sheared and metamorphosed 
to the amphibolite facies All these structures become more 
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Fig.1 Map of the Kohistan region showing the main structures (modified from refs 2 and 4). 
gently dipping to the south, so that near Jijal the fabrics are fabric folded by recumbent, nearly isoclinal folds with hinges 
flat-lying or dip only gently northwards. Along strike to the plunging to the NNE. Both sets of structures are folded around 
south-west there is a 10-15 km wide thrust wedge of blueschists’ large-scale upright F, folds. The gneisses with intense defor- 
along the Main Mantle Thrust (MMT) (Fig. 1), though to the mation and isoclinal folds can be followed for 10-20 km south of 
east, around the Nanga Parbat bulge (Fig. 1), no blueschists the MMT and contain infolded synclines of Mesozoic cover 
occur, the MMT is difficult to detect and the obvious faults and rocks (marbles, graphite schists and conglomerate). Further 
shears are late structures which post-date the folding. south where deformation decreases, the unconformity can be 
At Jijal a major shear zone, the MMT’, carries the Jijal seen between these sediments and the underlying basement 
* complex and the Kohistan sequence southwards over quartzo- gneiss. Where least deformed by Himalayan shearing, as at 
feldspathic gneisses of the Indian plate containing an intense Mansehra, this basement appears as a homogeneous porphyritic 
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to folding above a decoupling horizon’; c, due to back thrusting. 

The structure of the Kohistan complex is simplified to show 

approximate dips of foliation and fold axial planes. Vertical scale = 
horizontal scale. 


granite which has a Rb/Sr whole rock isochron age of 516+ 
16 Myr (ref. 8). This granite has a contdct aureole against pelitic 
sediments of presumed late Precambrian age. These basement 
rocks are thrust southwards over Mesozoic sediments near 
Abbottabad and together with the Mesozoic sediments they are 
further thrust over mid-Oligocene to mid-Miocene red sand- 
stones and shales (the Murree Formation). All these rocks are 
folded into a major steeply-plunging tight anticline (Fig. 1) 
which is a first phase structure in the Miocene and at least a third 
phase structure in the Mesozoic sediments and their gneissic 
basement. To the south there are even more thrusts in sediments 
ranging in age from Palaeocene to Cambrian, flooring in a blind 
thrust in the sediments above the basement. 


Discussion 


The MMT clearly separates crustal blocks of two different ages, 
origin and lithology”. The gneisses to the south form part of the 
late Precambrian-early Palaeozoic segment of the Indian plate, 
while to the north no old basement has been found, but rather 
deformed sediments and igneous rocks of Mesozoic~Cenozoic 
age. The Mesozoic-Cenozoic Kohistan sequence was con- 
sidered to represent an island arc’”, but our studies show this to 
have a more complicated structural history and a compound 
origin. 

The lower crust is made up of the basic-ultrabasic Chilas 
complex which is >300 km long and >8 km thick, and is thus 
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one of the largest intrusions in the world. Above this there are 
mainly pillow lavas and greywackes intruded by gabbros, 
diorites and tonalites. The early isoclines are developed in the 
lower crustal rocks of the southern Kohistan sequence asso- 
ciated with granulite facies metamorphism, These structures are 
folded by one of the largest synclines known, which folds the 
whole upper crust of Kohistan. Its synclinal axis changes from 
near horizontal in the west to steeply NNE near the Indus River 
parallel to the Himalayan overthrust direction. This major 
syncline and related structures seem to be related to the MMT, 
though the eastern continuation of the MMT is difficult to trace 
around the Nanga Parbat syntaxis which has the form of a late 
fold with late faults along its western margin. In Kohistan the 
MMT marks a major suture bringing granulites against blue- 
schists and amphibolites. The immediately underlying Indian 
plate contains a 10-20 km wide, gently dipping shear zone with 
Mesozoic cover tightly infolded into basement gneiss. To the 
south there are more discrete thrust planes, the floor thrust of 
which climbs southwards from basement to progressively higher 
levels of sediment. These structures propagated southwards: the 
earlier thrusts and folds in the north are refolded by structures 
developed in the south. The Kohistan sequence north of the 
MMT has been backfolded to become vertical to southerly 
dipping west of the Nanga Parbat syntaxis. The origin of this 
backfold is uncertain: one method of modelling would be to 
produce the above-described major thrusts in the form of an 
imbricate fan analogous to that in accretionary wedges’ (see Fig. 
3a). Alternatively, the more northern thrusts could be folded 
into a steep orientation above a low-level decoupling horizon 
analogous to that suggested for the Swiss Alps (Fig. 35)'°. In 
both these models the depth to the decoupling zone would be at 
least 100 km below the present erosion surface (Fig. 3a, b). In 
the Ladakh area, however, 200 km along the strike to the east of 
Kohistan, there are southward-dipping faults overthrusting to 
the north’’, and similar thrusts occur along the Indus suture in 
the central Himalaya’’. Possibly the backfold is related to uplift 
on these faults (Fig. 3c). 


Conclusion 


One important conclusion from our study is that the pre- 
dominant diorite-tonalite igneous activity in northern Kohistan 
is late to post-tectonic; some of it certainly postdates the Jaglot 
syncline and may postdate the backfolding. This conclusion is 
supported by a preliminary study of the Skardu area, east of the 
Nanga Parbat, where most granites, tonalites and gabbros post- 
date the intensely deformed metasediments and volcanics. This 
throws doubt on the contribution of this igneous activity to the 
development of the island arc. The problem of the origin of these 
diorites and tonalites may be solved by isotope and trace ele- 
ment geochemistry, at present underway at Cambridge, Leeds 
and Leicester. 

The other exciting feature of the Kohistan area is the size of 
the structures involved. The Kohistan complex is now up to 
150 km thick though this is largely the result of two phases of 
folding; little evidence has been found for thrust repetition as 
originally suggested by Bard ezt al.”. The Jaglot synform is one 
of the largest reported structures in the world and involves 
deformation of the whole crust with decoupling at considerable 
depth (>100km) in the mantle. Similar decoupling depths 
are indicated by the different models to explain the backfolding 
(Fig. 3). 
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Embryo DNA of AKR mice contains several copies of intact mink cell focus-forming (MCF)-like env gene sequences with 
a proviral structure. In spontaneous thymic tumours, these MCF-like env sequences have regularly recombined with a 
specific region of the 3’ end of ecotropic env. This specific recombination is probably a critical event in the pathogenesis of 


spontaneous AKR tumours. 





MURINE leukaemia viruses (MuLVs) are endogenous to 
laboratory mice’*. The MuL Vs of these mice have been divided 
into three related classes on the basis of their host range in tissue 
culture, which is determined by the viral envelope glycoprotein 
(gp70) encoded by the viral gene env*. These classes are: 
ecotropic, which infect only murine cells; xenotropic, which 
replicate primarily in heterologous cells; and mink cytopathic 
focus-forming (MCF) viruses, which grow in both murine and 
heterologous cells’ *. Biochemical studies of viral nucleic acids 
have suggested that MCF viruses are recombinants between 
ecotropic MuLV and endogenous env sequences related to 
xenotropic viruses™*®. 

Among laboratory mice, the AKR strain'’ has been 
intensively studied because of its high incidence of MuLV- 
associated spontaneous T-cell leukaemias, which originate in 
the thymus. Some steps leading to the development of this 
thymic disease have been determined, but many aspects of this 
complex process remain to be elucidated'’. Each AKR mouse 
cell contains in its chromosomal DNA one or more complete 
copies of an ecotropic MuLV genome (proviral DNA)'*"*. This 
viral genome is usually spontaneously activated shortly before 
birth, leading to high levels of circulating virus throughout the 
animal’s life’’. This ecotropic virus expression is apparently 
necessary but not sufficient for tumour development, which 
occurs only after the animal is at least 6 months old’. MCF 
viruses have been isolated primarily from preleukaemic thy- 
muses and from tumour tissue, suggesting that MCF viruses 
may represent a more proximate cause of the tumour. 

The origin and role of MCF viruses in tumorigenesis, which 
we have studied here, are still incompletely understood. The 
endogenous non-ecotropic viral sequences which presumably 
participate in the formation of MCF viruses have not been 
identified in normal cells, but it is known that AKR and other 
mice contain multiple copies’” of sequences homologous to part 
of the complete AKR ecotropic viral genome. In addition, only 
certain MCF viruses are oncogenic’®. It therefore appears that 
virological factors in addition to the expanded in vitro host range 
have a significant role in tumorigenesis. 

In this study, we have used restriction endonucleases and a 
viral probe specific for MCF and xenotropic env sequences to 
map the viral sequences in high molecular weight DNA from 
AKR mouse embryos and from spontaneous and MCF virus- 
induced tumours. These maps have been compared with those 
recently developed for the DNAs of MCF viruses’’, where 
consistent differences were noted between DNAs of pathogenic 
and non-pathogenic MCF viruses. We have found: (1) AKR 
embryo DNA contains ~10 copies of apparently complete env 
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Institutes of Health, Bethesda, Maryland 20205, USA. 
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sequences closely related to those found in MCF viral genomes; 
(2) these endogenous MCF-like env sequences resemble the env 
of the non-pathogenic MCF viruses more closely than they do 
those of pathogenic MCF viruses; (3) at least some copies of 
these env sequences have the structure of endogenous. pro- 
viruses; (4) spontaneous AKR tumours are clonal in origin and 
contain recombinant viral DNA with the same structure as that 
found in pathogenic MCF viral DNAs. The results suggest that, 
specific recombinational events between the endogenous MCF- 
like sequences and ecotropic viral sequences are a prerequisite 
for the establishment of AKR tumours. 


Physical maps of ecotropic, xenotropic and 
MCF viral DNAs 


Before analysing the AKR high molecular weight DNA, we will 
summarize the results of physical mapping studies of unin- 
tegrated DNAs of ecotropic, xenotropic and MCF viruses from 
AKR and other strains so that these maps can be compared with 
those generated here for endogenous non-ecotropic viral 
sequences in the high molecular weight DNA (Fig. 1)*°*". The 
viral DNAs, which are 8.8 kilobases (kb), contain three genes: 
gag (spanning 1.0-2.7 kb; map locations are given by their 
distance from the left (5’) end of the viral DNA), which specifies 
the virion core proteins, pol (2.7-5.8 kb), which encodes the 
reverse transcriptase, and env (5.8-8.2 kb), which codes for the 
virion envelope proteins gp70 and p15E (see Fig. 1) (refs 22-26 
and C. Van Beveran and I. M. Verma, personal com- 
munication). The p15E sequences, which begin at ~7.5 kb, are 
located to the right of those which encode gp70 (refs 24-27 and 
C. Van Beveran and I. M. Verma, personal communication). 
The viral DNAs are flanked at each end by 0.6 kb of repeat 
sequences called the long terminal repeat (LTR). 

As predicted from earlier studies of viral RNA oligonucleo- 
tides*®, each MCF viral DNA was unique, each was apparently 
composed of ecotropic and non-ecotropic sequences, and each 
contained non-ecotropic env sequences which shared restriction 
endonuclease sites with xenotropic env sequences (such as 
EcoRI at 6.9 and Bell at 7.0 kb, Fig. 1). However, some sites 
(such as BamHI at 6.2 kb) were unique to MCF viruses, suggest- 
ing that the non-ecotropic sequences of MCF viruses might not 
be derived from proviruses of known xenotropic viruses. In 
addition, a consistent difference between the viral DNAs of 
non-pathogenic and pathogenic MCF viruses was that patho- 
genic MCF viral DNAs contained an Xbal site in p15E at 7.7 kb 
which was apparently derived from the ecotropic viral parent, 
while non-pathogenic MCF viruses did not have this site. 
Finally, in certain MCF viral DNAs, the span of the inferred 
segment of non-ecotropic sequences was much greater than only 
part of the gp70 coding region (Fig. 1). These results suggested 
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Fig. 1 Comparison of linear restriction 
endonuclease maps of representative 
ecotropic, xenotropic and MCF murine 
leukaemia viral DNAs. The viral DNAs 
are grouped according to the viral host 
range and within MCF viruses according 
to their disease-inducing capability. Each 
symbol corresponds to an enzyme as 
indicated in the figure. AKR-eco (eco- 
tropic virus isolated from an AKR mouse) 
is virtually identical to ecotropic viruses of 
many inbred strains of mice (the strains 
and isolates analysed are: Akv-1, two iso- 
lates; Akv-2, two isolates; C58, three isa- 
lates; C3H/Fg, three isolates; PL, three 
isolates; F, one isolate; BALB/c, one iso- 
late} and of Mus musculus 
molossinus*°?', Nomenclature and origin 
of various viruses have been described 
previously*°*', Each MCF DNA has been 
assumed to contain a continuous insert of 
non-ecotropic sequences, which may 
represent oversimplification in some 
instances. In general, the length of this 
insert (depicted by the wide bar) 
represents a minimum estimate, based on 
the presence of xenotropic or MCF- 
specific sites and/or the loss of sites 
common to ecotropic and xenotropic 
DNAs. The Hpal site at O.8kb in 
C3H/FeL3 MCF and the Pst] site at 
L.0kb in C58v-1-C77 MCF (shown by 
arrows) are not found in ecotropic 
MuL Vs, but have not been considered in 
the estimated segment of non-ecotropic 
sequences. These maps were derived from 
the unintegrated proviral DNAs as 
described in detail elsewhere?*?!**, 
Briefly, cells were infected with MuLV 
from chronically infected cells and DNA 
was extracted from them by the Hirt”! 
procedure 18 h after infection. DNA from 
the Hirt supernatant was used as the 
starting material for restriction 
endonuclease digestion. Unintegrated 
proviral DNAs were digested with various 
enzymes, electrophoresed, transferred to 
nitrocellulose filters”? and hybridized with 
*2p.cDNA synthesized either from 70S 
viral RNA or by nick-translation of 
molecularly cloned viral DNAs. The 
cleavage products of each enzyme were 
ordered and oriented for each viral DNA 
by hybridization of digested DNAs with a 
5' probe ithe 4.6-kb Smal fragment 
spanning 0.5~5.1 kb of AKR ecotropic 
MuLV DNA), a3’ probe (the 1.7-kb Smal 
fragment spanning 7.0-8.7 kb of the eco- 
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that the gp70 (and p15E) of at least some MCF viruses might be 
derived entirely from non-ecotropic sequences and that the env 
sequences which encode the expanded in vitro host range cf 
MCF viruses might be found in high molecular weight DNA of 
normal cells. 


Isolation of a DNA fragment specific for 
MCE and xenotropic env 

To probe the high molecular weight DNA for the endogenous 
sequences which might give rise to the non-ecotropic portion of 
MCF viruses, we cloned in pBR322 a viral DNA env fragment 
which hybridized to MCF and xenotropic viral DNAs but not to 





ecotropic viral DNAs. This viral probe, designated BE, is 
composed of the 0.7 kb between a BamHI and EcoRI site in env 
of the Friend spleen focus-forming virus (SFFV) DNA”, a 
helper-dependent MuLV whose env is closely related to those of 
MCF viruses”. This region in SFFV corresponds exactly to the 
segment in some MCF viral DNAs between the BamHI site at 
6.2 kb and the EcoRI site at 6.9 kb (see diagram in Fig. 2). The 
BE fragment was characterized by radioactively labelling it and 
incubating it with Hirt supernatants containing ecotropic, xeno- 
tropic or MCF viral DNAs: the probe hybridized strongly to 
MCF DNAs and moderately to xenotropic DNAs, but not to 
ecotropic DNAs (Fig. 2). Similar results were obtained with the 
analogous BamHI-EcoRI fragment derived from cloned MCF 
247 DNA (data not shown). 
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Embryo DNA contains MCF-like 
env sequences 


We then used the BE fragment to probe AKR embryo DNA for 
the presence of endogenous sequences from which the non- 
ecotropic env. sequences of MCF viruses should have been 
derived (Fig. 34, c). Hybridization of the BE probe to BamHI- 
digested. embryo DNA was used to estimate the number of 
copies of cross-reacting sequences in this DNA, as the BE probe 
should hybridize to cell-virus DNA junction fragments in high 
molecular weight DNA digested with this enzyme. BamHI 
digestion (Fig. 36). yielded ~12-15 fragments, indicating that 
there are multiple copies in embryo DNA of sequences which 
cross-hybridize with the BE probe. 

We had previously found that env of many non-pathogenic 
MCF viral DNAs. had a BamHI site at 6.2 kb, all had an EcoRI 
site at 6.9 kb and a Bc/I site at 7.0 kb, some had a Kpnl site at 
7.3 kb and all had a PstI site at 7.5 kb, a Kpnl site at 7.3 kb, a 
PstI site at 7.5 kb and a Kpni site at 8.7 kb (in the LTR) (see Figs 
1, 3). Several copies having these sites were also present in the 
embryo DNA. 

For example, EcoRI-—BcilI digestion (Fig. 3b) shortened each 
Bell fragment by 0.1 kb, which indicated that each fragment 
contained an EcoRI site 0.1 kb away from a Bc/I site, as was also 
the case in env of every xenotropic and MCF viral DNA. 
BamHI-EcoRI digestion (Fig. 3c) gave a more simplified 
pattern than did BamHI] digestion; the intense 0.7-kb fragment 
corresponded to the BamHI-EcoRI fragment spanning 6.2- 
6.9 kb in many MCF viral DNAs, suggesting the presence of 
several copies of this fragment in embryo DNA. Endogenous 

fragments which contained the KpnI site at 7.3 kb should yield a 
1.1-kb BamHI—Kopnl fragment (6.2-7.3 kb), while those lacking 
this KpnI site should yield a 2.5-kb BamHI-—Kpnl fragment 
(6.2-8.7 kb); these are the two prominent fragments of this 
double digestion (Fig. 3c). The 7.5-, 2.9- and 2.4-kb PstI 
fragments were apparently all shortened by 0.6 kb when cleaved 
with EcoRI (Fig. 36), which suggests that the right end of these 
PstI fragments. all terminate at 7.5 kb. 

It was also important to determine if the BamHI fragments 
contained an Xbal site corresponding to that found in p15E at 
7.7kb in pathogenic MCF viruses. Hybridization of the BE 
probe to BamHI~—Xbal-digested AKR embryo DNA (Fig. 3c) 
did not yield a 1.5-kb fragment which would correspond to the 
BamHI-Xbal fragment found in pathogenic MCF viruses such 
as MCF247. The Xbal site at 7.7 kb noted in ecotropic viruses 
and in pathogenic MCF viruses was therefore not covalently 
linked to the 6.2-kb BamHI site in the embryo DNA. Taken 
together, the results described above demonstrated that AKR 
embryo DNA contained multiple (we estimate ~10) copies of 
apparently complete env sequences with the same restriction 
sites mapped in non-pathogenic MCF viral DNAs, and at least 
some of these env sequences were linked on their right to an 
LTR. It is probable that several of these copies can participate in 
the formation of MCF viruses, as their heterogeneity with 
respect to the BamHI site at 6.2 kb is correlated with hetero- 
geneity at this site in MCF viruses (Fig. 1). 





Endogenous MCF-like env sequences are 
part of proviral DNAs 


We have also found evidence that at least some of these MCF- 
related env sequences are part of proviral DNAs, as they are 
also linked on the left to LTR, gag and pol sequences. As seen in 
Fig. 2 and Fig. 34, the BE probe hybridized to a prominent 
7.5-kb PstI fragment, which is the expected length of a proviral 
fragment spanning sequences from a PstI site near the left end of 
the LTR to a Pst] site at 7.5 kb (both of these PstI sites have 
been found in xenotropic and MCF viral DNAs, see Figs 1, 3). 
Most of the copies that make up this PstI fragment do extend to 
7.5kb, because, as noted previously, EcoRI digestion 
apparently shortens this fragment by 0.6 kb. In addition, this 
7.5-kb PstI fragment hybridizes to probes specific for the 5’ end 
(5’ probe), middle portion (M probe) and LTR (L probe) of viral 
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SFFV DNA (6.3 kb) 


MCF DNA (8.8 kb) 


Fig. 2 Southern blot showing selective hybridization of the BE probe te 
MCF and xenotropic viral DNAs, but not to ecotropic viral DNAs. The BE 
probe, derived from a 0.7-kb BamHI-EcoRI fragment of Friend SFFV 
DNA?’, was molecularly cloned (by D.L.L.) in pBR322 via the BamHI and 
EcoRI sites. In the upper diagram, the location of the BE probe sequences in 
SFFV DNA is represented by the heavy line between B (= BamHD and E 
(= EcoRI). Also shown are the sequences in the BE probe which correspond 
to the 6.2-6,9-kb region in MCF viruses in env, as described in the text. 
Unintegrated ecotropic (eco), xenotropic (xeno) and MCF viral DNAs were 
isolated by the Hirt procedure 16-18 h after infection of permissive cells as 
described in Fig. 1 legend. Hirt supernatant DNAs (5-7 ug each for ecotro- 
pic viruses, 15-20 ug of each for xenotropic and MCF viruses) were elec- 
trophoresed in horizontal 0.7% agarose gels-(35 V, 16h), transferred to 
nitrocellulose filters and hybridized with °’P nick-translated 0.7-kb BE 
probe. The amount of Hirt DNA added for each virus gave an 8.8-kb band of 
similar intensity when hybridized to its homologous probe (data not shown). 
Psrl-digested high molecular weight AKR/J embryo DNA was electro- 
phoresed in the lane marked AKR/J Emb. 623-v indicates the 623 ecotropic 
MuLV isolated from NIH3T3 cells transfected with AKR MuLV 623 DNA. 
The origin of the other viruses has been described previously. Marker was 
Hindlll-digested °**P-labelled A DNA. The numbers beside the panels 
indicate the length of fragments in kb. 


DNAs (Fig. 3a). (The 8.2-kb PstI fragment which hybridized to 
each probe except the BE probe represents the endogenous 
ecotropic proviral DNA cleaved at the PstI site in each LTR.) 
Several pol-env fragments which corresponded to fragments in 
MCF viral DNAs in Fig. 1 whose non-ecotropic sequences were 
inferred to include the pol region were also noted in embryo 
DNA. For example (Fig. 34), the 5.3-kb KpnI fragment cor- 
responded to a fragment in LS MCF (3.4-8.7 kb) and the 1.8-kb 
Kpni fragment to a fragment in M111A MCF (5.5-7.3 kb). 

The above results therefore indicate that at least some of the 
endogenous sequences which hybridize to the BE probe are 
organized as proviral DNAs, as already shown for mouse 
ecotropic'”’® and avian leukosis*’ viral genomes in embryo 
DNA. We have also found multiple copies of similar MCF-like 
sequences in other mouse strains, including BALB/c and NIH 
Swiss, and have molecularly cloned from high molecular weight 
DNA of BALB/c and NIH cells EcoRI fragments which 
hybridize strongly to the BE probe: each clone contains cell 
sequences linked to 6.9 kb of proviral DNA truncated at the 
(6.9 kb) EcoRI site (unpublished data). 

Tryptic analysis of viral gp70s has suggested that this protein 
in MCF viruses is part ecotropic and part xenotropic, which has 
led to the hypothesis that the MCF gp70 is invariably a hybrid 
gene product**. However, the finding that the endogenous 
MCF-like env sequences closely resemble those in MCF viruses 
supports the alternative hypothesis™™* that the MCF phenotype 
assayed in culture may be encoded completely by the endo- 
genous non-ecotropic env sequences. The development of 
MCF-specific gp70 assays??? $ is also consistent with this 
hypothesis. Further, the MCF gp70 tryptic peptides which 
resemble ecotropic peptides, which have been localized to the 
amino terminus of this protein*’, are encoded in the BE probe, 
and the env sequences in the truncated BALB/c and NIH Swiss 
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clones mentioned above resemble the env of MCF247 in that 
they contain the same Pvull, BamHI, -Smal and EcoRI sites 
between 6.1 and 6.9 kb (unpublished data). These data suggest 
that ecotropic-like gp70 peptides of the MCF viruses may be 
derived from the endogenous MCF-like env sequences. 
However, a direct answer must await biological studies of these 
endogenous sequences after they have been molecularly cloned 
intact. 


AKR tumours are clonal and contain new 
MCF DNAs 


Having characterized the endogenous sequences which hybrid- 
ized to the BE probe, we examined the viral sequences in high 
molecular weight DNA from 19 spontaneous AKR tumours and 
from 11 tumours induced (accelerated) in AKR mice with 
MCF247 virus. Other studies with unfractionated probes have 
found new viral DNA fragments in tumour DNA***®. The 
DNAs from MCF virus-induced tumours were used principally 
as controls for the spontaneous tumours, as it is known that the 
inoculated MCF virus can be recovered intact from these 
tumours’. 

The tumour DNAs were digested with Bcll—Xbal and hybrid- 
ized to three viral probes: the 5’ probe, to detect new MuLV 
sequences of any tropism; an ecotropic specific probe (the E 
probe shown below Fig. 3a) to detect viral DNAs with ecotropic 
gp70 sequences; and the BE probe, to detect viral DNAs with 
MCF gp70 sequences. As all three probes are composed of 
sequences located to the left of 7.0 kb, while the only BciI and 
Xbal sites in AKR MCF or ecotropic viral DNAs were located 
to the right of 7.0 kb, this digestion should reveal new left-hand 
cell—virus junction fragments with each probe. 

Representative results are presented in Fig. 4. When thymic 
tumour DNA digested with Xbal/Bcll was hybridized with the 
5’ probe, novel fragments were detected in all MCF virus- 


induced tumours (Fig. 4a, tumours I 01 and I 02) and in eight of 
Fig. 3 Blot analysis of PstI 
nonecotropic sequences of 
AKR/J embryo DNA. 
AKR/J embryo DNA was 
digested with various en- t 
zymes as indicated, electro- 
phoresed in 0.5% agarose 8 
gels (35 V, 24h), UV irradi- 7 
ated for 10 min, transferred to 
nitrocellulose filters and 
hybridized with various viral aoe 
probes as described below. 4.6 -6 
Fragment lengths are given in 
kb. In a, each lane contained 
Pstl-digested embryo DNA. 
The lanes labelled 5’, M and 3’ 
were hybridized to probes We cos 
derived from cloned Smal TEE E 
fragments of AKR ecotropic es 
viral DNA as shown in the 
diagram below a, The 5 
probe spans 0.5-5.1 kb, the M 
probe spans 5.1-6.5 kb and ses TLS EP 
the 3' probe spans 7.0-8.7 kb. 0.67 SE Ae ET ERR OEE 
The 3' includes 0.5 kb of LTR a 
and will therefore hybridize to 
LTR sequences at the S’ end 
of the viral DNAs in addition 
to hybridizing to sequences at 
the 3’ end of viral DNAs. 
The lane in a labelled L 
was hybridized to a probe 
composed of the LTR se- 
quences of Harvey murine 
sarcoma viral DNA (provided 
by E. H. Chang, NCI); this 
probe also hybridizes to the 
LTRs of the viruses isolated 
from AKR mice. In b and c, 
the embryo DNA was hybri- 
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the spontaneous tumours. In Fig. 4a, one spontaneous tumour 
contained a novel fragment (S 02, arrow), while the other 
spontaneous tumour did not (S 01). Others*?*° have also found 
new viral fragments in only some spontaneous AKR tumours, 
probably because of the high background of multiple endo- 
genous fragments. The tumours induced with MCF247 virus 
contained several new copies of viral DNA, as denoted by 
haziness and new distinct bands of 7-9 kb. By contrast, the 
spontaneous tumours usually contained only a single novel 
fragment. For each MCF-induced tumour DNA, most of the 
new viral fragments hybridized to the BE probe (Fig. 46), but 
other fragments hybridized to the ecotropic probe (Fig. 4d), 
indicating that the tumours were infected with both MCF and 
ecotropic viruses. By contrast, the new fragment detected with 
the 5’ probe in spontaneous tumours also hybridized with the BE 
probe (Fig. 4b, tumour § 02, arrow), but no new ecotropic 
fragments were detected in spontaneous tumours (Fig. 4d), 
despite the small numbers of endogenous ecotropic fragments. 
These results suggest that ecotropic viruses as such do not 
usually infect the cells before they become a tumour. (Since 
submission of this article, Yoshimura and Breda*' have reported 
similar observations.) Thymic lymphocytes have been reported 
to be resistant to infection by ecotropic virus, and our failure to 
find additional ecotropic viral genomes in the spontaneous 
tumours is consistent with this observation***?. 

We also determined that the AKR tumours were, as pre- 
viously suggested***?, probably of clonal origin, as has already 
been demonstrated for avian leukosis virus-induced bursal 
tumours in chickens****. Each new fragment in the DNA of a 
given thymoma was found to be characteristic of all tumour 
tissue from a given animal, whether the tumour arose spon- 
taneously or was induced by MCF247 (Fig. 4c, arrow). Note 
also that uninvolved intestinal tissue from leukaemic animals 
did not contain these new fragments. As the metastatic 
tumours contained the same new viral fragments as the primary 
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dized to the BE probe, described in Fig. 2 legend. In these two panels and in the diagram below them, K = Kpnl, F = Pst], B= BamHI, X = Xbal, E = EcoRI, 
Be = Bell. The deduced restriction endonuclease map of the non-ecotropic viral sequences in the embryo DNA has been shown in the map labelled ‘endogenous 
MCF-like viral DNA’. These sequences have been compared with those found in non-pathogenic and pathogenic MCF viral DNAs. Viral sequences located 
rightward from the BamHI site at 6.2 kb have been emphasized here. However, at least some of these endogenous MCF-like DNAs are organized as proviral 


DNAs (LTR, gag, pol, env, LTR), as noted in the text. 
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Fig. 4- AKR tumours are clonal in origin, contain new MCF viral DNA, but not new ecotropic viral DNA. a Shows that new viral DNA fragments are detected in 
some spontaneous tumours and all MCF virus-induced tumours; b shows that in spontaneous tumours the new fragments hybridize with the BE probe; c shows the 
clonal nature of the tumours; d shows that spontaneous tumours do not contain new ecotropic viral DNAs, but that MCF virus-induced tumours do. High molecular 
weight DNAs isolated from various spontaneous tumours (S) or MCF-induced tumours (T) were digested with Bc/l-Xbal, electrophoresed in 0.5% agarose gel (35 V, 
24 h), UV irradiated for 10 min, transferred to nitrocellulose filters and hybridized with *’P nick-translated viral probes: the 5’ probe (described in Fig. 3 legend) ina 
and c, the BE probe (described in Fig. 2 legend) in 6, or an ecotropic-specific probe spanning 6.6-7.0 kb in AKR ecotropic viral DNA (labelled E in the diagram below 
Fig. 3a) in d: Hindll-digested **P-labelled A DNA was used as marker and the number indicates length of the DNA in kb. In a, 6 and d, DNAs from thymic tumours 
were used, AKR/J and AKR/N indicates DNAs from embryos of these strains respectively. In c, Thy = thymus, LN = lymph nodes, Sp! = spleen, Liv = liver, 
Int = intestine. Thymus, lymph nodes, spleen and liver contained tumours, while intestine did not. In each panel, the lane marked 623C represents Smal-digested 
clone 623 AKR ecotropic viral DNA as a specificity control. In d, the AKR/J embryo DNA contains one more ecotropic fragment than does the DNA from the 
spontaneous tumours. This additional copy is present only in some AKR/J embryos (M. Martin, personal communication). 
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Fig. § Blot analysis of tumour DNAs 
showing that they contain recombinant 
viral sequences. $ = spontaneous; [= 
induced; Thy=thymus; Spl = spleen; 
LN=lymph node; Liv=liver; Int= 
intestine. Thymic tissue was used for 
tumours in b. In each panel, the lane 
marked 623C contains Smal-digested 
clone 623 viral DNA as a specificity 
control. High molecular weight DNAs 
were digested with various combina- 
tions of restriction endonucleases as 
indicated at the top of each panel, elec- 
trophoresed in 0.5% agarose gel (35 V, 
24h), UV irradiated, transferred to 
nitrocellulose filters and hybridized with 
a *Pp-labelled nick-translated 7 probe 
(described in Fig. 3). In the diagram, 
the restriction enzyme sites of the re- 
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Table 1 MCF virus in AKR thymus 


Infectious centres 
per 10’ cells 
AKR247 MCF-induced thymomas (19) 10,000-8 5,000 
AKR spontaneous thymomas (7) Trace, 1,000 
Pre-leukaemic AKR (<6 months old) (9) 0* 


Mink lung cells (CCL64) were plated at 2 x 10° cells per 60-mm dish 
in Dulbecco’s modified minimal essential medium with 10% fetal calf 
serum. The following day, serial dilutions of thymus or spleen cells were 
plated as infectious centres onto the mink cultures in medium containing 
16 pg mi’ polybrene. The medium was changed 24h later and the 
cultures were scored for characteristic MCF cytopathic foci (mink CPE) 
after confluence (days 5-7). The numbers in parentheses indicate the 
number of individual animals tested. 

* Thymus and spleen. 


thymoma, these results suggest that the tumours are of clonal 
origin. 


Recombinant nature of new MCF 
DNA in AKR tumours 


We also analysed the DNA of spontaneous tumours for recom- 
binant viral DNA sequences, again using the cell DNA of MCF 
virus-induced tumours as positive controls for specific DNA 
fragments. In these studies, we hybridized the restriction 
endonuclease-digested tumour DNAs to the 3’-viral probe 
shown below Fig. 3a; this probe recognizes viral sequences to 
the right of 7.0 kb and includes the Xbal site at 7.7 kb which had 
been found in the DNA of pathogenic MCF viruses but had not 
been detected in the non-ecotropic sequences of AKR embryo 
DNA mapped with the BE probe in Fig. 3. 

As noted earlier, all MCF viruses contained a Bc/I site at 
7.0 kb, as did the endogenous non-ecotropic sequences in 
embryo DNA. Using the 3’ probe, the lack of linkage in AKR 
embryo DNA of the BclI site to an Xbal site corresponding to 
7.7 kb was confirmed, as embryo DNA digested with BclI—~Xbal 
did not contain the 0.7-kb BclI-Xbal internal viral fragment 
(Fig. 5a, arrow) found in the pathogenic MCF viruses and easily 
detected in the cell DNA of MCF virus-induced tumours (Fig. 
5a, tumour I 01). However, the 0.7-kb BclI-Xbal fragment was 
detected in each spontaneous thymoma (Fig. 5a, $ 01 and S 02), 
even in those tumours in which no new viral fragment had been 
detected with the other probes (tumour S 01). The recombinant 
0.7-kb BclI-Xbal fragment was also present in all metastases, 
but was absent from uninvolved intestinal tissue. This same 
recombinant fragment has also been noted in thymomas arising 
in mice congeneic for Akv-1 or Akv-2 (ref. 40) and in C58 mice 
(data not shown). Such results strongly suggest that a recom- 
binational event between the endogenous non-ecotropic env 
(which donated the Beli site) and ecotropic env (which donated 
the Xbal site) generated a hybrid env which corresponds to the 
structure of the pathogenic MCF viruses. The invariable 
association of this fragment with tumour DNA suggests that this 
specific recombination may be an important aspect of the 
oncological process in AKR tumours. (After this article was 
submitted, we learned that Quint et a/.*° and W. Herr and W. 
Gilbert (personal communication) had independently made 
similar observations in AKR tumours.) 

In attempts to define further the region of recombination, we 
took advantage of the previously noted finding that many of the 
endogenous sequences which hybridized with the BE probe 
contained a PstI site at 7.5 kb, while this site was not present in 
AKR ecotropic MuLV. If the recombination took place to the 
left of this PstI site, then Bc/I (at 7.0 kb)—PstI (at 8.2 kb), 
digestion should yield a 1.2-kb fragment; this was the case for all 
five spontaneous tumours studied (Fig. 5b, arrow). This result 
indicates either that recombination occurred between MCF 
sequences located to the right of 7.0 kb and ecotropic sequences 
located to the left of 7.5 kb, or that the recombination involved 
an unusual non-ecotropic env which lacked the Pst] site at 
7.5 kb. 
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We also determined that the non-ecotropic sequences ex- 
tended leftward at least to the BamHI site at 6.2 kb, which had 
been noted in many endogenous non-ecotropic fragments 
mapped in embryo DNA. Hybridization of BamHI-Xobal- 
digested tumour DNA to the 3’ probe or the BE probe, which 
should reveal a novel 1.5-kb fragment if the BamHI site at 
6.2 kb were now linked to the Xbal site at 7.7 kb, showed that 
this fragment was present in most (S 01 and S 22) but not all (S 
16) spontaneous tumours (Fig. 5c, arrow; only 3’ probe results 
are shown). These results suggested that the non-ecotropic 
sequences extended leftward at least to 6.2 kb in most of these 
recombinant DNA fragments, as was also true for the patho- 
genic MCF viruses. 

The mechanism by which the viral recombination has oc- 
curred is unknown although it probably follows infection of 
non-target cells by ecotropic virus. Relatively good homology to 
the left of 6.2 kb and to the right of 7.3 kb has been noted 
between ecotropic, xenotropic and MCF viruses, and the non- 
ecotropic sequences of MCF viruses usually include at least this 
1-kb DNA segment*’*’. It therefore seems reasonable to 
speculate that the non-ecotropic env of MCF virus genomes 
has been generated by homologous recombination through a 
double-crossover mechanism. 


MCF virus production in tumours 


As noted above, tumours induced experimentally by inoculation 
with MCF virus contained several new MCF viral DNA frag- 
ments, whereas the DNA of spontaneous tumours contained 
few new viral DNA fragments. We therefore sought to deter- 
mine whether these biochemical differences would be reflected 
biologically in the frequency of virus-positive cells in MCF 
virus-induced tumours versus spontaneous tumours. By 
infectious centre assay iTable 1), no more than 0.01% of the 
thymoma cells from spontaneous tumours were releasing 
infectious virus whereas a much higher proportion of the cells 
from tumours induced by experimental inoculation with an 
MCF virus released MCF virus. These results therefore cor- 
relate with the biochemical data. 

The mechanism underlying the low MCF virus production in 
spontaneous tumours remains to be elucidated. One attractive 
hypothesis is that the MCF viral sequences in the spontaneous 
AKR tumour cells is defective for replication. This mechanism 
has recently been noted in avian leukosis virus-induced bursal 
tumours***°. Alternatively, the virus may be unable to be 
expressed efficiently in tumour cells. However, the release of 
MCF virus from a significant proportion of the cells in tumours 
induced experimentally by MCF247 does not support this 
conjecture. 


Significance of recombinant viral sequences 


The presence in spontaneous tumours of recombinant env 
sequences with a structure similar to that found in pathogenic 
MCF viral DNAs, combined with the lack of new ecotropic viral 
DNAs in the tumours, suggests that MCF viruses with recom- 
binant env represent a more immediate inducer of spontaneous 
AKR lymphomas. The censistent association of the tumours 
with sequences present in pathogenic MCF viruses (and their 
absence from non-tumour tissue) suggests that this specific 
rearrangement of endogenous sequences is an important step in 
the development of the spontaneous tumours, perhaps by alter- 
ing the differentiation state or the proliferative capacity of the 
target cell directly or by promoter insertion*’. The non- 
pathogenic nature of MCF viruses that have apparently acquired 
the endogenous MCF-like env without also retaining the eco- 
tropic virus-derived sequences around the Xbal site at 7.7 kb 
suggests that activation of those endogenous non-ecotropic 
sequences is not by itself sufficient for tumour induction. Rather, 
pathogenicity occurs only after certain specific recombinational 
events between ecotropic virus and the endogencus MCF-like 
viral sequences. We presume that the non-ecotropic sequences 
facilitate adsorption and penetration of the virus into the target 
tissue. The function of the ecotropic sequences around the Xbal 
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site is not known. However, they may also be important for 
infection of the target tissue, as pathogenic MCF viruses repli- 
cate better in the thymus than do the non-pathogenic viruses we 
have studied'’, 
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The highly polymorphic region near the human 
insulin gene is composed of 
simple tandemly repeating sequences 
Graeme I. Bell, Mark J. Selby & William J. Rutter 


Department of Biochemistry and Biophysics, University of California, San Francisco, California 94143, USA 


The sequence of the highly polymorphic region near the human insulin gene, which begins 363 base pairs before the start of 
transcription and extends upstream, indicated that it is generated by variation in the number and arrangement of members of 
a family of tandemly repeating nucleotides whose structure is related to ACAGGGGTGTGGGG. Another 15-base pair 
sequence, repeated twice near the human gene, is located ~ 325 base pairs on either side of the polymorphic region. One 


member is in the transcriptional control region. 





THE human insulin gene region of two human chromosome 11 
homologues has been isolated and characterized’. The 
organization and structure of the 1,430-base pair (bp) segment 
encoding the insulin mRNA precursor and ~40 kilobases (kb) 
of the flanking sequence on different chromosomes are similar, 
but restriction mapping studies of 150 individuals (ref. 6 and 
G.1.B. and J. Karam, unpublished results) indicated that a highly 
polymorphic region is located ~500 bp before the point where 
transcription of insulin mRNA begins’. Sixty-three per cent of 
non-diabetic caucasian individuals examined are heterozygous 
at this site, and there are two major and one minor class of 
alleles®. However, as there is heterogeneity within each class, 
there are many different alleles at this locus. Preliminary data 
also indicate that there may be racial differences in the 
frequency of alleles, that this polymorphism is inherited in a 
mendelian fashion in a four-generation pedigree and that the 
organization of the polymorphic region in DNA prepared from 


an insulin-secreting adenoma and white blood cells of the same 
individual is identical (G.1.B., unpublished). However, the 
molecular events which produce either this highly polymorphic 
region or one with similar properties that has been described at 
an unidentified locus’, have not been determined. 

Restriction mapping studies of the insulin gene region 
suggested that the restriction fragment length polymorphism is 
generated by the insertion—deletion of DNA sequences, so that 
fragments of different size are generated when DNA from a 
heterozygous individual is digested with selected restriction 
endonucleases, The insertions in this region are primarily of two 
size classes: 0-600 bp and 1,600-2,200 bp; restriction frag- 
ments possessing insertions of 600-1,600 bp are rarely ob- 
served, We have sequenced the corresponding polymorphic 
regions of two chromosomes to determine the basis for this 
length polymorphism. The sequence comparison indicated that 
the polymorphism is generated by variation in the redundancy of 
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1a 28 % so g3 79 89 99 104 116 120 
PRCGAGEGOCOPAGACAPIGCOCTCCA GA GAGA GCACCCARCACCOETCCAGGC TT GACCGGCCAGGGTOTCOCOTPCCTACCTT GGAGAGAGCAGCCOCASGGCATCCTGCAGGEGOTSL 


1320 140 15a 165 179 188 140 200 210 220 230 249 
PRGGRCACCAGLT GCE TPEBAGGTCTOPOCE TELE PCC AGC ACCOCACTACACGCTGCTGGGATCOTGGATCTCAGCTUCCTGGCCGACAACACTGGCARACTCCTACTCATUCCACGA 


250 260 270 280 290 BRD 318 320 336 340 350 360 
AGGCOOTCEMIGICA TEST GGT COP TCOCAGCETGSCAGT CT GPPOCTCACACACCTTGPTAGTBCCCAGCECETGA GEL TGCAGCTGEGGOTGTCTCTOAAGGGCTGTGAGCCOCCAGG 


370 380 340 409 419 62% 436 449 450 460 470 460 
RAGECOTEGGGAARTECC TICE TP GCC PECE CCE GBCLO PECL BC ECCTGECTCT GLC TOO TACE TAGGC TOCEC CCA TOCA GCCTCOCTOCOTACACACTCOTCTCAAGGAGGCACE 


&96 SOG 510 529 $30 S40 589 368 570 $86 $96 600 
CATORCOTCTCCAGOTCOGGGCCTCAGAGCACTOTGGCOTCOTGGEGCA SCCACCECA TOTCCTGCTOTCGCA TEGCTCA GGUTGGAAAGGGCGGAAGGGAGGGGTCCTGCAGATAGCT 


RID 620 640 649 £56 666 67% £80 690 700 718 729 
GGTGCCCACTACCAAACCECCETEGGGGCAGGAGAGCCAARAGGCTGGOTSTOTGCAGACCOGCCCCOAGAGGTTCCGAGGCTGACGGCCAGOGTOGGACATAGGGATGCGAGGGGCIGAGGC 


730 780 756 760 776 780 790 aG 3 B20 830 B40 
ACA SGA TROTCOCARCOPELO TELECAST FOR ELT CL PLOT POT GG GACCPOCT GA TOC PGCE COT GGT CP AA GA GGCAGGTAAGGGGCT GCAGGCAGCAGGGCTCGGAGCOCA 


asp 880 879 gan RIG 300 914 926 936 340 350 366 
POCO CM AC CAV GESTCALSCTEGACE TEC AGO TLL FETT COTO GEA CLT GU GA OSCE GGA GGT ACOA GGGOCTCAGLCO CA GA TGACACTATOGGGGTGATGGTSTCATS 


$79 989 490 1080 1010 L820 1030 1040 1050 1068 1070 338 
GGACOTGGCCACGAGAGGGGAGATGGGCTCCCACAAGAGGAGTEGGCGCTCAGAGCEGCCTGGGCCGCCASGACCGAGCTGOCCCAGTGCACAGCETOCCACACCTGCCCACCCCCARA 


1686 1108 ALLG 1120 1139 1348 LSG 1180 1170 2180 1198 L209 
GTCOTGCCGCCACCOCCAGA TCACACGGAAGA TGAGGTCCGAGTGGCCTGCT GAGGACTTGCTGCTTGTCCOCAGGTCOCCAGGTCATGCCCTCETTCT OC CACOCTGGGGAGCTGAGGG 


L210 1226 1230 1240 1250 L268 1270 1280 1290 1300 1310 4320 
COP CAGCTSGGRCTGCTCTCOTAAGGC AGGGTGGGARC TAGGCAGCCAGCA GGEA GOEGACCOCTOCOTCA LICL CA CTCPOCCACOCC CACC ACCT TGGCCCA TOCA TSGCEGLATOTD 


L336 1349 1350 1360 70 1380 2390 1406 L410 14206 1430 
GRGCTATOCEGGACTGEGG ACAGGGGTCO?TGGGG ncncceercceccs * ACAGOHOGTGCOS ACAGGSGTGTGGGG ACAGGGGTCTGGGG ACAGGGGTSOTGGGG ACASGGGTGT 


1449 1456 L468 1470 1480 1490 1500 1510 L529 1530 isan 
GGGE ACAGGGOTOTGGGS ACAGGOGTOTOGGOG ACAGGGGTOCCGGGG ACAGUGGTGTGGGG ACAGGGGTCTGGGG ACAGGGGTGTGGGS ACAGGGGTGTGGGG ACAGGGGTCT 


1558 156g 1870 1886 1590 1603 1616 1620 1630 1640 1659 16 
HGGG ACAGGGGTGTGGGS ACAGGGOTCOCTGGGS ACAGGGGTGTGOGGG ACAGGGSTETGGGG ACAGGGGTGTGGGG ACAGGGGTGTGGGG ACAGGGGTCCTGGSG ATAGGSGT 


69 2676 168 169 1700 1710 1726 L739 L740 1750 1760 1770 
G"GGCG ACAGGGGTGTGGGG ACAGGGGTCCCGGGG ACAGGGGTGTSGGG ACAGGGGTGTGGGG ACAGGGGTCCTGGGG ACAGGGGTCTGAGG ACAGGGGTGTGGEC ACASGG 


LI86 1730 1800 1819 1820 2830 1849 1850 LEG 1870 1880 
STCCTSOGGS ACAGGGSTCOTOGGE ACAGGGGTCOMIGGG ACAGGGGTCTGGGS ACAGCAGCECAAAGAGEEECGCCCTGCAGCCTCCAGCTCTICCTGGTCTAR TOTGGARA CTCL 


tR960 2999 1410 1929 1934) 1946 1956 1969 1978 1989 19990 2000 
COAG GA GESO TE TOOT OPC ORE GR GALATETOCOOLCAGCTOTGA GCASGGACAGSTCTGGCCALCC GOST OUCTOGTTARGACTCTAA TGACCOGCTGGTCCTGAGGAA GAGSTOCTS 


2010 2026 2030 2049 2050 2060 2070 2080 2090 2100 2119 2120 
ACGACCAAGGAGATOTTCCCACAGACCCAGCACCAGGGARATGGTECCOGGARATTOCAGCCOTCAGCOCCCAGCCATCTGECGACCCCCCCACCCCOCCCTAATGGGECCAGGCGGCAGGGGT 
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Fig. $ Sequence of the 5’-flanking region 
and first coding region (exon) of the 
human insulin gene. The sequence of the 
insulin gene region of allele 1 (recom- 
binant AHil’?*) was determined by the 
procedure of Maxam and Gilbert’®, 
including the modified G-A reaction 
described by Cooke et al”. The 
TATAAA sequence (Hogness box) is 
underlined and the putative 5‘ end of the 
mRNA (capping site) indicated by an 
asterisk. The individual oligonucleotide 
units in the tandemly repeating array are 
separated. As described in the text, there 
are several ways to divide this region into 
oligonucleotide units. The sequence pres- 
ented here is part of a 4,992-bp DNA 
segment which also includes the sequence 
of the insulin gene and 3'-flanking 
sequence. This complete sequence, with 
a list of all restriction sites, is available on 
request. The sequence includes three 
changes from that previously published’ 
which corrects” one clerical and two 
sequencing errors, but still does not com- 
pletely agree with that determined by 
Ulrich et al.*. The sequences across the 
BamHI and Pstl sites at positions 185 and 
817, respectively, were not determined. 


2430 2440 2450 2160 2170 2180 +2199 2200 2210 


2226 


PCACACGTAGORGAGA TOGECTCTGAGAOTA PRAROCCAGCGGGGGCOCA GCA GCOCTCAGCOCTCCA GGACAGGCTGCA TCA GARGAGGCCA TCAAGCAG 


a family of G + C-rich oligonucleotides. This family of sequences 
is only tandemly repeated in this region of the human genome, 
and as the arrangement of members of this family differs in these 
two homologous chromosomal regions, this region also shows 
DNA sequence polymorphism. The highly variable structure of 
this region contrasts with adjacent regions which are charac- 
terized by conservation of size and nucleotide sequence. 


Molecular basis for length polymorphism 


Restriction mapping studies established that the highly poly- 
morphic region was in a section of the 5’-flanking region of the 
gene between BglI and Pvull sites located ~1,300 and 259 bp, 
respectively, before the insulin mRNA coding region’®. The 
sequence between and flanking these restriction sites was 
determined for two allelic DNA segments. The 2,227-bp 
sequence in this region for allele 1, recombinant AHil (refs 1, 2) 
(B (ref. 5)), is shown in Fig. 1. This is a portion of a 4,992-bp 
segment of known sequence which includes 2,185 bp of 5’- 
flanking sequence, 1,430 bp encoding insulin mRNA precursor 
and 1,367 bp of the 3’ flanking region. 

As we previously noted’, the insulin gene has a high G+C 
content (64.8% ) and this is maintained in the 5’-flanking region 
(67.8% G+C). Another unusual feature of the 5’-flanking 
region occurs in the region 363-846 bp (nucleotides 1,825- 
1,340, respectively, Fig. 1) before the putative capping site in 
that it consists of 34 tandem repeats of a family of G + C-rich 
14-15-bp oligonucleotides. Other oligonucleotides, =10 bp, 
are also repeated, both direct and inverted (rc), in this region 
(Table 1). The most interesting is the 15-bp sequence 
AGGGGAGATGGGCTC (at nucleotides 976 and 2,135 (Fig. 
1)) which is directly repeated 350 and 312 bp, 5’ and 3’ respec- 
tively, on either side of the region of tandemly repeating oli- 
gonucleotides. This sequence is not present elsewhere in the 
4,992-bp segment. The 15-bp repeated oligonucleotide at 
nucleotide 2,135 is located between the two putative tran- 
scription control sequences”: the TATAAA sequence (Hog- 
ness box), nucleotides 2,156-2,161 (Fig. 1), and the -75 to —90 
region (remote control sequence), nucleotides 2,110-2,118. 
These two 15-bp sequences are 1,159 bp apart in this allele. 
Examination of the 2,185 bp of 5’-flanking sequence and 
1,367 bp of 3'-flanking sequence for additional control 
sequences, TATA (Hogness box) and AATAAA (poly- 


adenylation signal}, showed that the only ones observed were 
those of the insulin gene. Thus, this sequence does not indicate 
the position of any adjacent genes nor the presence of any other 
insulin-like sequences. Moreover, we have not observed by 
hybridization any insulin-like sequences within 20 kb of the 
insulin gene. As we previously indicated’, the sequence includ- 
ing the putative S’ end of insulin mRNA CAGCCCT (nucleo- 
tides, 2,185-2,191, Fig. 1) (the A is the residue which is capped), 
is tandemly repeated upstream at nucleotides 2,178-2,184 (Fig. 
1). This sequence is also present within intervening sequence 1, 
coding region 3, and the region encoding the mature 3’ end of the 
mRNA (CAGCCCT) (the asterisk indicates the residue which is 
polyadenylated). Such repetition of the sequence in the regions 
encoding the 5’ and 3’ ends of the mature mRNA is thus far 
unique to the human insulin gene. 

The 1,274-bp sequence in the 5'-flanking region of allele 2, 
recombinant AHi? (refs 1, 2) (@ (ref. 5)), was determined from a 
Pstl site corresponding to the PsA site at nucleotide 817 of allele 
1 (Fig. 1) to the Pvull site at nucleotide 1,927. The sequences of 
the two alleles were identical at nucleotides 815-1,394 and 
1,764-1,930, diverging in the region of the family of tandemly 
repeating G + C-rich oligonucleotides. There were 45 repeats in 
the region flanking allele 2. These 11 additional repeating units 
(158 bp) account for the size difference previously 
observed by restriction endonuclease mapping and DNA 
heteroduplex analysis of the two alleles’. Thus, variation in the 
redundancy of the oligonucleotide sequence is responsible for 
the differences in the length of homologous restriction frag- 
ments. 


Organization and sequences 
of the repeating oligonucleotide family 


Ten different oligonucleotide sequences have been observed 
among the 79 repeats analysed (Table 2). The frequency of each 
member of the family and the organization of the array were 
different within the two allelic chromosomal DNA segments 
(Table 2), the most frequent oligonucleotide (46.8% ) being the 
14-bp ACAGGGGTGTGGGG. (As there is no unit number of 
repetitions, the sequence description is somewhat arbitrary (Fig. 
1).) This 14-bp sequence is also the consensus sequence for 
members of this family and changes have been observed at 8/14 
positions, the most variable portion being that between 
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GGGGT and GGGG. Both nucleotide substitutions and single 
nucleotide insertions are observed: G > CC, G -> C, GT > CCC. 
And in addition the boundaries of this region, 
5'CTGGGG,ACAG3’, are found in the 14-bp sequence. 

Although the arrangement of the various oligonucleotide 
sequences within the polymorphic regions is different (Fig. 25), 
the composition and order of the three units at the 5’ boundary 
and the four units of the 3’ boundary of this region are identical. 
Moreover, the variant sequence ACAGGGTCCTGGGG (in 
Table 2) is found only once in both arrays in this conserved 5' 
boundary region. These data suggest that the molecular proces- 
ses which generate the divergence within this family operate on 
the central regions of the array. 


Length variation of polymorphic forms 


We have previously shown that the polymorphism exists in two 
major forms’. Approximately 75% of all the insulin gene 
regions analysed have a short polymorphic region (0-600 bp) 
and ~25% possess a longer polymorphic region (1,600- 
2,200 bp). Polymorphic regions of intermediate size are rarely 
observed (6/300 chromosomes examined). The two allelic 
DNA segments which we have sequenced are of the more 
frequent shorter form. As the length heterogeneity in this class 
is essentially due to variation in the number of oligonucleotide 
repeats, our previous data® can be reinterpreted. The shorter 
polymorphic region is composed of alleles with 26-63 repeating 
oligonucleotide units, with an average of 38 repeats. 

We have examined the nature of the longer polymorphic form 
by hybridizing an in vitro labelled 879-bp Pvull fragment of the 
flanking region of allele 2 (AHi2, the allelic DNA segment 
corresponding to the region at nucleotides 1,206-1,927, Fig. 1) 
to a Saci digest of DNA of nine individuals, four of whom 
possessed both a short and a long polymorphic region (indi- 
viduals 019, 025, 035 and 038, Fig. 2). This 879-bp Pvull 
fragment included 45 repeating units of 641 bp, as well as 
134 bp on the 5’ end and 105 bp on the 3’ end. We reasoned that 
if the length variation in the larger polymorphic region was due 
to this same repeating oligonucleotide, we should observe more 
intense hybridization to DNA fragments containing the longer 
polymorphic region. 

There was more intense hybridization to the larger fragment 
in four individuals: 019, 025, 035 and 038 (Fig. 2). In contrast, a 
DNA fragment specific for the insulin gene, which included a 
59-bp 5'-flanking sequence, 1,430-bp structurel region and 
118-bp 3'-flanking sequence, hybridized with equal intensity to 
both DNA fragments (data not shown and Fig. 2C in ref. 6). 
Thus, this differential autoradiographic signal is not due to 





Table 1 Non-tandemly repeated sequences of 210 bp in the 5’-flank- 
ing region of the human insulin gene 





Sequence Positions* 
GGCCAGGGTG 60, 684 
AGCAGCCCCAG 91, 1,208 re 
GCCTCCCTCC 150, 445 
CTCAGCTCCC 194, 1,189 rc 
CAGCTGGGGG 323, 1,921 re 
AGGGAGGGGTCC 578, 1,260 re 
AGGGGTCCTG 582, 1,342, 1,567, 1,638, 1,724, 

1,767, 1,782, 1,797 
CAGGGTGGGA 687, 1,227 
CCCTGGTGCT 788, 2,035 re 
CTGGGGAGCTG 884, 1,186 
AGGGGAGATGGGCTC 976, 1,135 
TGGGGGCTGAG 1,003, 2,067 re 
CCCACCCCCA 1,069, 1.282 
CCACCCCCAGA 1,070, 1,090 
TGTCCCCAGG 1,147, 1,348 rc, 1,376 re, 

1,573 re, 1,730 re, 1,773 re, 

1,788 re, 1,803 re 
GCTGCTGTCC 1,212, 1,822 re 
GCTCTCCTGG 1,859, 1,902 





* Sequences denoted ‘rc’ form an inverted repeat. 





Fig.2 Hybridization of a DNA fragment containing the region of 
tandemly repeating oligonucleotides to SacI digests of human 
DNA. DNA was prepared from white blood cells, digested with 
Sacl, the fragments were separated by electrophoresis in a 1% 
agarose gel, transferred to nitrocellulose filters and hybridized as 
described previously®. Individuals are indicated by number above 
the autoradiogram and sizes of hybridizing fragments on the right. 


differential transfer or selective loss of DNA from the filter but is 
due at least in part to variation in the redundancy of this family 
of oligonucleotides. However, without cloning and sequencing 
the longer polymorphic allele or the rare intermediate form, we 
cannot exclude the possibility that another sequence in the 
~ 100 bp on either side of the repeating oligonucleotides has not 
been selectively amplified. There are no other tandemly 
repeated sequences flanking the polymorphic region, so if addi- 
tional sequence amplification occurred, it is of a non-repeated 
sequence. However, as we have defined the boundaries of the 
region of length variation for all forms, Bg/I and Poull sites at 
nucleotides 1,025 and 1,927 (Fig. 1), respectively”*, and more 
recently between Puull sites at 1,206 and 1,927 (unpublished)), 
we believe that the variation in the redundancy of this family of 
G+C-rich oligonucleotides accounts for all length variation. 
Thus, the longer polymorphic regions contain 141-209 repeats, 
with an average of 163. The rare intermediate forms possess 
~80 repeats and the short form possesses ~40 repeats. The 
significance of the arithmetic progression in the number of 
repeats is unknown. 


Presence of the polymorphic region in the 
genome 


We have been unable to detect additional regions of hybridiza- 
tion of the 879-bp Pvull fragment to digests of genomic DNA 
(Fig. 2) or the ~45 kb of DNA sequence around and including 
the insulin gene (data now shown). Thus, the sequences within 
the 879-bp Pvull fragment are restricted to the region flanking 
the 5’ end of the insulin gene or at least they are not tandemly 
repeated elsewhere in the genome. This confirms our previous 
results’, The redundant oligonucleotide region is therefore a 
single copy sequence. 


Comparison with the rat insulin I gene 


We have examined the 5’-flanking region of the rat insulin I gene 
for a similar polymorphic region and have determined the 
sequence of this region of the gene from a Puull site 414 bp from 
the 5’ end to the beginning of the mRNA coding region (Fig. 3). 
There were no tandemly repeating sequences. If such sequences 
exist they must be more than 414 bp from the 5S’ end of the 
ceding region. 
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A comparison of the extended 5’-flanking sequences of the 
human and rat I insulin genes (Fig. 3) indicated that the 
homology i is More extensive than suggested by the heteroduplex 
analysis’. In fact, interrupted regions of nucleotide sequence 
homology extend for ~365 bp from the structural pertion of the 
gene, the homology apparently ending at or near the boundary 
of the polymorphic region of the human gene without 
being re-established on its other side. This nucleotide 
sequence conservation suggests that DNA sequences besides 
the TATAAA (Hogness box) sequence at ~25 to —30 and the 
remote control sequence at ~75 to —90 are involved in the 
regulation of insulin gene expression. 

The regions of homology might represent points of inter- 
action between the DNA and other regulatory molecules. Wu 
and Gilbert’? have also suggested that additional sequences in 
the 5’'-flanking region of the insulin gene may be involved in the 
regulation of insulin gene expression. They observed that a 
region of the rat insulin II gene, 250-300 bp upstream from the 
start of transcription, exhibits tissue-specific DNase sensitivity. 
Lomedico et al.'’ also observed that the homology between the 
rat insulin I and II genes included ~500 bp in the 5’-flanking 
region. 


Discussion 


The human insulin gene and its flanking regions exhibit con- 
served and highly variable sequences. Comparison of 2,357-bp 
segments from two chromosomes showed only four substitu- 
tions (4/2,357, 0.17%; this paper and ref. 5), all within the 
1,430-bp portion encoding the mRNA precursor. The 5’-flank- 
ing region contains a section of extensive length and sequence 
heterogeneity which is generated by variation in the number and 
arrangement of members of a family of G + C-rich oligonucleo- 
tides whose consensus sequence is ACAGGGGTGTGGGG. 
This polymorphic region, although internally repetitious, is a 
single-copy structure. A comparison of the size of this region in 
individuals indicates that it can vary from 26 repeat units 
(364 bp) to 209 units (2,926 bp). The latter generates a DNA 
segment twice the size of the structural region (1,430 bp) of the 
human insulin gene. Moreover, the sequence polymorphism 
suggests that those alleles which cannot be distinguished by size 
may be distinguished by sequence. 


1781 See eGR CRGGGET CE SURORACAGEGGFCTORIGACASCAGCE CAAAGAG 
tke k kt eee & HeERERE 


1 CAORTORGCTANGAATOCAJC IATORNEACAA AGYA TGAAACKOEICCKODAACARASAŤ 


1840 COCCOCCCTOCAGOCTCCAGCTCTCCTOGTCTAAT GTGGAAAGTGGCCCAGGTGAGG 
ee è xe a Whe REHRTAR Re k RED wee 


61 Nas ROPTOSCE AA CRA C TOENA C ETOT CORNA TONGOGUKAANTG CTCAGCCAAGG 
1897 GCTOTGCTCTCCTGGAGACATTTGCCCCCAGCTGTGAGCAGGGACAGG 
$ zee %4 wx te ak ke 


ew Wk 2 ee teak 


120 AAAAAGAGGGCCTTACCCTCTCTGGGACAATGATTGTGCTGTGAACTGCTTCATCAGGCC 


4952 AC TOGTTAAGACTCTARTGACCCGCTGGTCCTGAGGAAGAGGTGETGACGAC 
A è HERE he khkk HW RARER HERD ahee th kkkt kk vakk a 


180 ATCTGGCCCTTG TPAATAATCTAATTACCCTA GGTC wince AGAGTTG?TTGACGTC 


2012 CAAGGAGATCTTCCCACAGACCCAGCACCAGGGAAATGGTCCGGAAATTGCACCCTCAGC 
RRR Che HER k ARRAN HHRER HER kk heh RRARHOH kék REDRE 


236 CAATGAGCGCTTTCTGCAGACTTAGCACTAGGCAAGTG TTTGGAAATTACAGCTTCAGC 
2072 CCCCA GCCATCTGCCGACCCCCCCACCCC GCCCT AATGGGCCAGGCGGCAGGGG 


Ree HRARERRAKEE HR zee xe REE HRRETHRRAR kokk * 


295 COCTCTCGCCATCTGCCTACCTACCCCTCCTAGAGCCCTTAATGGGCCAAACGSCAAAGT 
2126 TIGACAGGTAGGGGAGATGGGCTCTGAGACTATAAA GCCAGCGGGGGCCCAGCAGCCECTC 


$ Ak k kkk kk HAHEAEREHER AE kh è ttik à x * k 


355 CCAGGGGGCAGAGAGGAGGTGCTTTG GACTATAAAGCTAGTGGAGACCCAGTAACTCCC 
2186 AGCCCTCCAGGACAGGCTGCA ‘TCAGAAGAGGCCATCAAGCAG 


$ koke tkk REE EH FON ee Rk#eeeasn 


414 AACCCTAAGTGACCAGCTACAATCATAGACCATCAGCAAGCAG 


Fig. 3 Sequence of the 5’ flanking region of the rat insulin. gene 
and homology with the corresponding region of the human insulin 
gene. The rat I and human insulin gene sequences are indicated. 
The sequence of coding region 1 is also included. The putative 5’ 
end of the mRNA is A-414 in the rat I sequence and A-2186 in the 
human sequence. The isolation and characterization of the rat 
insulin I gene has been described”. The sequence was determined 
by the procedure of Maxam and Gilbert!’ as described in Fig. 1 
legend. The human sequence is from Figure 1. Asterisks indicate 
homologous nucleotides. Gaps have been used to maximize 
homology. 
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Table 2 Organization of the oligonucleotide repeats in two allelic 
polymorphic regions 


Sequence Occurrences 
Allele 1 (AHil} Allele 2 (AHi2) 
a, ACAGGGGTGTOGGG 13 (398.2%) 24 (83.5%) 
b, ACAGGGETCCTGGGG 8 (23.5%) 7 (15.6%) 
C, ACAGGSGTCTGGGG 5 (16.7%) 6 (13.3%) 
d, ACAGGGGTCCGGGE 2 (5.9%) L (2.2%) 
e. ATAGGGGTGTGGGG 1 (2.9%) 0 
J, ACAGGGGTCCCGGGG 1 (2.9%) 5 (11.1%) 
&, ACAGGGGTCTGAGG 1 (2.9%) 0 
h, ACAGGGGTGTOGGC i (2.9%) 9 
Í, ACAGGGTCCTGGGG 1 (2.9%) 1 (2.2%) 
J. ACAGGGGTGTGAGG 0 1 (2.2%) 


Arrangement of oligonucleotides 


Allele 1 S'edi aba aba dab aah aca aaa cea faa cgh cee b 3 (ret 45) 


Allele 2 S'edi jfa faa aba baa aaf aba afa baa aae aaa cac baa afe ech 3' {ref 34) 


Upper panel, sequences of different oligonucleotides and the number 
of times {and percentage of all repeats) they occur in the two allelic 
DNA segments, Lower panel, arrangement of oligonucleotides in the 
polymorphic region. Each oligonucleotide sequence was assigned a 
letter as indicated in the upper panel. 


The insulin polymorphic region can be distinguished from 
other regions of tandemly repeating oligonucleotides. Its unique 
chromosomal location and single copy nature distinguish it from 
the hexanucleotide sequences repeated at the ends of the frag- 
mented, macronuclear DNA molecules of some protozoa’*"*, 
while its smaller size, greater internal redundancy and sequence 
simplicity distinguish it from the repeated sequences found at 
the ori-region of SV40 that have been implicated in the regula- 
tion of replication and perhaps transcription’ $. The insulin 
polymorphic region is similar to a region in the Xenopus 5S 
rRNA gene nontranscribed spacer which is also polymorphic 
and possess 2-12 copies of a 15-bp oligonucleotide’® as well as 
to simple tandem repetitive sequences in the recombinational 
switch regions of immunoglobulin heavy chain genes’’. The 
highly repetitive satellite DNAs present in eukaryotes are often 
composed of shorter repeated units (oligonucleotides) ®?’. 
However, the insulin polymorphic region is only found at one 
site in the human genome, in contrast to those in the rRNA 
genes and satellite DNAs, which are present at many locations. 

The sequence simplicity of the polymorphic region suggests 
that it could be involved in some recombinational process. 
However, the persistence of the bimodal distribution of 
insertion sizes” suggests that random crossing over within this 
array does not occur frequently because such exchanges would 
be expected to produce a unimodal distribution’. The insulin 
polymorphic region is more complex than the repeating T- G 
dinucleotide region in intervening sequence 2 of the human fetal 
y-globin genes which has been implicated in gene conversion”’. 
A similar region of repeating C-T dinucleotides has been 
observed in the sea urchin histone H2A and H1 spacer and it has 
been proposed that this region is involved in the maintenance of 
homogeneity of the histone gene repeating unit”. The sequence 
data on the regions flanking the insulin polymorphic region 
provide no evidence for gene conversion. There are 0/525 
nucleotide differences on the S’ side of the polymorphic region 
and 4/1,832 on the 3’ side (this paper and ref. 5). 

The function of this polymorphic region is unknown. It could 
be intergenic or spacer DNA. Its location, within 363 bp or 2 
nucleosomes from the coding region of the gene, adjacent to the 
putative transcription control region, suggests that the poly- 
morphic region could have a role in the regulation of human 
insulin gene expression. However, this region does not seem to 
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affect the transcription of the gene in cell-free extracts prepared 
from HeLa cells (G.I.B. and O. Laub, unpublished). If similar 
regions of tandemly repeating sequences have a general role in 
the regulation of insulin expression, they might be found flank- 
ing insulin genes of other species. Our sequence analysis of the 
rat insulin I gene indicated that it does not possess an homo- 
logous region in the same position, and that if present it is more 
than 50 bp upstream from the corresponding position of the 
human gene. However, this does not preclude a role for this 
region, as there are two non-allelic insulin genes in rats and only 
one in humans and most other organisms”. Thus, some ele- 
ments of regulation of gene expression could be different. 

The role of the additional, non-tandemly repeated sequences 
in the flanking region of the human gene is also unknown. The 
15-bp sequence (Table 1) which is directly repeated ~325 bp on 
either side of the polymorphic region is particularly interesting 
as one member is located in the control region of the gene. It 
could be involved in the function of the polymorphic region or 
define some aspect of expression of the insulin gene. Though far 
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and variably distant in the DNA sequence, these two sites could 
be contiguous in chromatin. Physical joining of these sites in 
chromatin could affect insulin gene transcription by regulating 
access of the RNA polymerase to the control regions. 

The analysis of length variation in the 5’-flanking region of the 
human insulin gene indicated that 63% of the individuals 
examined were heterozygous at this site’. As this region also 
possesses DNA sequence polymorphism, the extent of 
heterozygosity was underestimated and it may be possible to 
distinguish the two parental alleles in most individuals by 
analysing this region for both length and sequence differences. 
This polymorphic region is a useful molecular marker for the 
insulin gene on the short arm of chromosome 11 (refs 4, 24) and 
may serve as marker for loci up to 10-20 10° bp distant”. 
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Lysis gene expression of RNA phage MS2 
depends on a frameshift during 
translation of the overlapping coat protein gene 
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Translation of the lysis cistron of MS2 RNA requires a frameshift of ribosomes reading the upstream coat protein mRNA. 
The out-of-phase fraction of ribosomes terminates at either one of two nonsense codons just preceding the lysis cistron. 
Termination is followed by initiation at the start codon of the lysis protein message. 





THE group I single-stranded RNA bacteriophages (including 
MS2, f2, R17 and M12) contain the information for at least four 
proteins’, the order of which is illustrated in Fig. 1. The figure 
shows that the newly characterized L gene, whose product is 
involved in lysis of the host, overlaps the coat and synthetase 
gene in the +1 reading frame. The complete primary sequence 
of MS2 RNA has been published previously’. 

The timing and efficiency of phage gene expression in the 
infected cell has been extensively reviewed for the three longer 
known genes’. As for the lysis gene, why has it evolved in its 
present position, where there is overlap with two other genes? In 
particular, in what way does this position relate to the level and 
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time of expression? The L protein is made in small amounts and 
its appearance in the infected cell coincides with that of the coat 
protein’. A relationship between coat and L protein synthesis is 
suggested by the observation that phage coat ambers do not lyse 
their (non-permissive) host*. 

The availability of cloned MS2 DNA’ allowed us to examine 
how the expression of the L gene is regulated. We used the 
recombinant DNA approach, which has several advantages over 
studies using normal phage infection: it allows the site-selected 
introduction of almost any kind of mutation and the expression 
of a single gene can be examined. 

Our results indicate that the lysis cistron does not possess an 
independent entry site for ribosomes. Instead its translation 
depends on the readout of the coat gene. Ribosomes that 
experience a frameshift when reading the coat gene preceding 
the lysis cistron, terminate protein synthesis a few codons before 
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Fig.1 Genetic map of the RNA phage MS2. Nucleotide numbers 
are taken from ref. 6. The reading frame of the lysis gene is +1 with 
respect to the coat and synthetase frame. 


this gene due to the presence of two out-of-phase stop codons. 
Termination of protein synthesis at these positions elicits 
synthesis of the lysis protein. 


Expression of the lysis gene in wild-type 
MS2 DNA subgenomic regions 


In this study, selected regions of the MS2 genome were inserted 
into plasmid pPLa831, just downstream of the A leftward 
promoter pL. The plasmid has been described in detail else- 
where'’. The promoter pL is closed at 28 °C by a thermosen- 
sitive repressor encoded by the host chromosome. At 42 °C the 
repressor is unstable and the promoter is turned on. 

The stringency of temperature control over the promoter in 
pPLa831-derived plasmids is demonstrated in Fig. 2. (Here, 
Escherichia coli strain M5219 (ref. 10) was transformed with 
pMS2 (Table 1) and labelled with radioactive amino acids.) At 
28 °C, no MS2 coat protein is detected (Fig. 2, lanes 1 and 2), but 
at 42°C the coat protein of the phage becomes the major 
product synthesized (lanes 3~7). Similarly, the presence of the 
almost complete MS2 DNA genome (nucleotides 103-3,569) in 
pPLa831 did not interfere with the growth of the transformed 
cells as long as transcription from pL was blocked by keeping the 
culture at 28 °C. However, if this particular clone (pMS23) was 
shifted to 42 °C, complete lysis was observed (Fig. 3a and Table 
1). Apparently the L gene is expressed in the experimental 
conditions used. Evidence that cell lysis can indeed be ascribed 
to the presence of the L gene is provided by a clone containing 
pMS20. This plasmid carries a 58 nucleotide-long deletion :n the 
L gene (Table 1). As shown in Fig. 3a, the deletion abolishes cell 
lysis, in agreement with the proposed genetic map. 

To determine a possible contribution of the other gene 
products to cell lysis we deleted large parts of the maturation 
protein gene and the synthetase gene to obtain plasmid pMS16. 
Cells harbouring this plasmid still lyse on induction of the pL 
promoter (Fig. 3a). Thus neither the maturation (A) protem nor 
the synthetase appears necessary for cell lysis. The ability of 
plasmids to lyse the host cell is maintained up to a point where 
the whole A protein is removed (pMS17; Table 1). 


L gene expression requires overlap of 
coat and L genes 


When the MS2 DNA information in pMS17 was trimmed away 
further to give pMS1 (Table 1), there was no cell lysis at 42 °C 
(Fig. 35). There are several possible explanations for this and we 
have considered the two that are more likely. (1) L protein 
synthesis is under translational polar control of the coat gene. In 
this case, ribosomes reading the coat message must open up the 
initiation region of the L cistron to allow independent initiation 
by another ribosome. The start region of the L cistron is thus 
thought to be inaccessible to ribosomes in the unperturbed 
mRNA. In ribosome binding experiments, this region of MS2 
RNA has been found to be unprotected against RNase diges- 
tion*’’. (2) Absence of cell lysis in pMS1 clones could indicate 
that the coat protein itself is in some way required for cell lysis to 
occur—involvement of the coat protein has been suggested 
previously”. 

To test alternative (2), we modified pMS1 by inserting the 
MS2 DNA region specifying the coat protein behind the L gene, 
thus uncoupling the gene overlap. Clones carrying this new 
plasmid (pMS1.9) did not lyse on induction, although the 
presence of the MS2 coat protein was evident from protein gel 


Nature Vol..295 7 January 1982 


analysis of the type shown in Fig. 2. This suggests that L protein 
synthesis depends on the native gene arrangement and supports 
a polar control mechanism. Further evidence for the involv.- 
ment of translational polar control was provided by pMS25. 
Here we deleted the initiation region of the coat gene and the 
ability of this plasmid to induce cell lysis was lost (Table 1; and 
Fig. 3b). As before, lysis is not restored when the information for 
the coat protein is supplied behind the L gene (pMS25.9). Note 
that in pMS25 the 5' context of the L gene is kept intact for over 
300 nucleotides. This virtually excludes the possibility that the 
lack of mRNA translation is due to the deletion of translational 
start signals (in the conventional sense). 


Efficiency of coat protein synthesis correlated 
with onset of cell lysis 


During this study we obtained independent evidence that the 
translation of coat and L protein mRNA sequences is coupled; 
clones producing large amounts of coat protein also lysed 
quickly. In contrast, clones synthesizing small amounts of coat 
protein showed delayed lysis. Variations in coat gene expression 
can be obtained by varying the length of the MS2 DNA region 
proximal to the coat gene. For example, after induction of 
pMS2, coat protein comprised 30% of the newly synthesized 
proteins after 30 min, as opposed to <5% for pMS17. Cell lysis 
(as measured by the decrease in turbidity) began after 30 min for 
pMS2 and only after 75 min for pMS17. The data for several 
clones are summarized in Table 2. A positive correlation 
between the rate of MS2 coat protein synthesis and the onset of 
cell lysis is apparent. Such a relationship is consistent with a 
polar translational contro) mechanism. 


Fine regulation of polar control 


During phage infection, polar control of synthetase translation is 
observed in coat protein mutants that have a nonsense codon in 
the position of the sixth amino acid. The control is relieved when 
the stop codon is found further downstream at amino acid 
residue 50, 54 or 70 (ref. 12). Based on these data and the MS2 
RNA secondary structure model, a molecular basis for this 
polarity has been proposed’’, the main feature of which is the 
base-pairing between the synthetase initiation region and a coat 
cistron coding sequence ‘see Fig. 4). Ribosomes passing this 
region are thought to expose the synthetase ribosomal binding 
site to allow independent initiation of protein synthesis. A 
similar situation may exist at the start of the L gene. Assuming 
the validity of the ‘coat~lysis polarity control’ one would expect 
that the L gene becomes readable once ribosomes pass over 





Fig. 2 Expression of MS2 DNA in cells transformed with pMS2. 
Cultures were grown to 0.2 Asso, then labelled with ‘*C-amino 
acids for the time intervals indicated below. Proteins were analysed 
on polyacrylamide gels containing 0.1% SDS. Lanes 1, 2: pattern 
after labelling at 28°C for 5-25 and 95-115 min, respectively. 
Lanes 3-7: labelling at 42°C for 5-10, 5-25, 35-55, 65-85 
and 95-115 min, respectively. Lane 8: in vitro-labelled MS2 coat 
protein. 
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Table 1 Host cell lysis by pPLa831-derived plasmids after induction at 42 °C 


amarmi 


Plasmid no. MSZ DNA inserted in 


pPLa831 

pMS I 1628-2057 

pMS1.9 1628-2057. 1221-1736 

pMS2 103-2057 

pMS9 1221- 1,736 

pMS12 1221-2057 

PMS 16 869-2057 

pMS17 1305-2057 

pMS18 869-3569 

PMS 20 869-2057 (V 1764-1822) 

pMS23 103-3569 

pMS25 869-2057 (V 1013-1365) 

pMS25.9 869-2057 (7 1013-14365). 1221-1736 
MS2 DNA inserted in pPLa932 

pMS32.00 1221-2057 1628 1,629 

pMS 32.04 1221-2057 (&.aaT.TAA.TTC.) 

pMS 32.259 1221-2057 (V 1369-1628) GTIC.GAA.ATT.C 


1369 1629 


Schematic representation 
of MS2 genes present 


Cell lysis after 
induction at 42°C 


+ n A 
” | a § S 
+ ee 


i i 
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All nucleotide numbers refer to the primary structure of MS2 RNA (Fig. 1; ref. 6). MS2 DNA was inserted in pPLa831 according to standard procedures using 
either the EcoRI site, the BamHI site or both. When the MS2 DNA region of interest did not contain a suitable site, EcoRI or BamHI restriction site linker sequences 
were attached. MS2 DNA sites used were: EcoRI (103) (nucleotide number), Poull (869), Sall (1.013), Haet! (1,221), Xbal (1,305), Sall (1,366), BeoRI (1,628), 
Haelll (1,736), BamHI (2,057). pPLa932 is identical to pPLa831 except that the EcoRI site was removed by cutting with EcoRI, filling in the single-stranded regions 
with DNA polymerase I (large fragment) and re-sealing with T4 DNA ligase. Thus, pMS32.00 is equivalent to pMS12 except for the EcoRI site in the vector. pMS32.04 
was constructed by opening up the EcoRI site of pMS32.00 at position 1,628. The resulting sticky ends were filled with DNA polymerase I (large fragment) and the 
plasmid re-sealed with T4 DNA ligase. The new sequence around 1,628 is shown. The coat reading frame is indicated by dots. The construction of pM$32.259 is 
described in the text. The distance between the Sall and EcoRI positions is 263 nucleotides. As 4 nucleotides are recovered by the action of the polymerase, the final 


deletion is 259 nucleotides. The reading frame is indicated by broken lines. 


nucleotides 1,563~1,570. To test this, we introduced a UAA 
stop signal in the coat gene beyond this region, that is, at position 
1,632. Surprisingly, cells harbouring this new plasmid, 
pMS32.04, did not lyse the host cell (Fig. 3c). The expression of 
the inserted MS2 DNA was apparent from the synthesis of a 
protein having the size of the expected coat protein ochre 
fragment (Fig. 6). The absence of lysis in clone pMS32.04 
indicated that for L cistron translation to occur, ribosomes have 
to move beyond position 1,632 of the MS2 RNA sequence. To 
achieve this we again modified pMS$32.00. The unique Sall and 
EcoRI restriction sites, at positions 1,366 and 1,628 respec- 
tively, were used to delete this region of 263 nucleotides. The 
resulting staggered ends were filled in with DNA polymerase I 
(large fragment) and the plasmid re-sealed (pMS32.259). A 
consequence of the deletion was a shift to the +1 reading frame 
at the junction site. The +1 reading frame allows ribosomes that 
start at the coat cistron to proceed up to position 1,672, where 
they encounter an ochre stop codon, three nucleotides before 
the L cistron start (Fig. 4). Clones containing this plasmid 
(pMS32.259) lysed quickly on induction. Their growth curve 
was almost identical to that of pMS32.00 (not shown), From this 
we make two important conclusions. First, intact coat protein is 
not required per se for the synthesis or activity of the L protein. 
Second, ribosomes shifting their reading frame to +1 during coat 
cistron translation, so as to arrive at the ochre stop codon at 
nucleotide 1,672, trigger synthesis of the L protein. 


Reading frameshifts in coat cistron promote 
synthesis of lysis protein 


Results from clone pMS32.259 suggest that synthesis of the lysis 
protein from wild-type RNA may depend on a ribosomal 
frameshift to the +1 mode at the appropriate region. To explore 
this further, we constructed a collection of coat gene deletion 


mutants that potentially contain all three reading frames. 
Experimentally, pMS32.00 was opened at its unique EcoRI site 
and the linearized DNA treated with exonuclease Bal31 for 15, 
30, 60 and 90s, respectively. The reaction mixtures were 
pooled, the DNA ligated and used for transformation. Of 250 
recombinants obtained, 60 were selected for further restriction 
analysis and lytic properties. The growth curves obtained were 
of three general types: quick lysis, delayed lysis and no lysis. 

Nine clones, with the general nomenclature pMS32.N, where 
N is the number if nucleotides deleted, were selected for 
sequence analysis of the modified region (Table 3). Clones 
pMS32.16 and pMS32.28 change the coat reading frame to +1 
at the junction. These clones lyse quickly, as does pMS32.259 
(Fig. 5). There are three more clones in which the coat reading 
frame is forced to + 1 by the deletion. In two of these, pMS32.55 
and pM$32.85, the onset of lysis was delayed with respect to the 
previous +1 frameshift mutants (Fig. 5), which may be related to 
deletions in the Shine-Dalgarno sequence, AGGU, around 
position 1,664 (Table 3). The last +1 frameshift clone is 
pMS32.88, which lacks the nonsense codon at position 1,672 
together with the first 12 codons of the L gene, thus the absence 
of lysis was not unexpected. The coat protein ochre fragments or 
fusion peptides coded for by the respective plasmids can be 
detected in minicells (for examples see Fig. 6). In two clones, 
pMS32.17 and pMS32.50, the deletion leads to a —1 shift in the 
reading frame. In pMS32.17 this shift caused ribosomes to 
terminate at ochre stop codon 1,652. Evidently, termination at 
this position also allowed translation of the L gene mRNA, 
albeit with a lower frequency as judged by the delayed lysis of 
this clone (Fig. 5). Clone pMS32.50 did not lyse but in this case 
the ~1 frame stop codon at position 1,652 had been deleted. It 
seems, therefore, that the frameshift itself was not signalling 
lysis protein expression but rather its inevitable consequence, 
chain termination. 
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Fig. 3 Lytic properties of clones containing various regions of MS2 DNA inserted in pPLa831 or pPLa932 (see Table 1). Cells were grown at 
28°C to an Asso of 0.2. Growth was then continued at 42 °C (except where indicated). MS2 DNA regions present are shown schematically 
at the top. 


Deletions in coat gene that do not 
change the reading frame 


Two clones, pMS32.27 and pMS32.3, have deletions that do not 
change the reading frame. These two plasmids have lost the 
property to lyse their host (Fig. 5), which supports the view that 
expression of the L gene requires a ribosomal frameshift. 
Obviously the absence of lysis in 0 frame coat mutants poses a 
problem as the wild-type sequence is read by definition in the 
zero frame. It seems, therefore, that the deletion decreases the 
chances that a phase shift occurs. The frameshift in wild-type 
MS2 RNA could arise in two ways: (1) interference of coat 
protein, bound to the start of the synthetase, with the movement 
of the reading ribosome. Although this involves an unknown 
mechanism it is formally correct, as the absence of wild-type 
coat protein distinguishes the 0 frame deletion mutants from the 
wild type. However, there is one argument that weakens this 
possibility. We have constructed a 0 frame mutant that carries a 
deletion of 18 nucleotides at the 5’ end of the coat gene 


(V1,365-1,384), which is still able to lyse its host. (2) Frameshift 
is induced by a specific RNA structure present in or around the 
deleted region at position 1,628. An interesting sequence 
CAAUUUUC, present around position 1,620, or its immediate 
neighbourhood, was found to induce a +1 frameshift in yeast 
mitochondria’*. However, the limited number of deletion 
mutants analysed does no? allow a strong conclusion to be made 
concerning the significance of the 8-base homology. With regard 
to this, note that a +1 frameshift was observed in vive between 
nucleotides 1,675 and 1,724, which does not include this parti- 
cular nucleotide sequence’. 


Translation of overlapping messages 


As initiation of protein synthesis is slow compared with elon- 
gation, the independent translation of overlapping messages 
presents a general problem. Frequent readout of the upstream 
messenger (coat cistron) seems bound to interfere with 
independent initiation at the downstream message (L gene). At 
first glance one would therefore expect a regulatory mechanism 
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Fig. 4 Secondary structure model of the goat and lysis cistron of MS2 RNAĆ., 
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Fig.5 Effect on cell lysis of reading frameshifts in the coat protein 
cistron. The MS2 DNA present in the plasmids is shown in Table 3. 
Growth of the cultures was as described in Fig. 3 legend. 


that promotes expression of the downstream gene by interfering 
with the translational start at the upstream message to clear the 
template of ribosomes. However, such a solution seems 
impossible or inappropriate in this case. Instead, phage MS2 has 
solved the expression of the overlapping genes in an extra- 
ordinary way. The clones of the pMS32.N series lead us to 
conclude that translation of the L cistron relies on the fraction of 
the ribosomes that arrives out of frame at the beginning of this 
gene. The positions of two ochre codons, respectively in the +1 
and —1 frame, just before the L cistron, elicits peptide chain 
termination, which in turn allows the reinitiation at the start of 
the L message, a region otherwise inaccessible to ribosomes. It is 
unlikely that ribosomes leave the RNA at this point as this would 
again create the problem of independent initiation. 

The phenomenon of reinitiation has been recognized for some 
time in the Jacl, lacZ and the bacteriophage T4 rIIB RNA. It 
may occur after a polypeptide chain is prematurely terminated 
at the site of a nonsense mutation'*'*. Although several trans- 
lational restarts have been analysed at the nucleotide level, it is 
not fully understood which features transform a sequence into a 
potential reinitiation site'”’°. The presence of a Shine-Dalgarno 
region seems dispensable for a translational restart*’. This 
agrees with the ability of our clones pMS32.55 and pMS32.85, 
which lack all or part of this region, to express the L gene, 
although expression is less efficient than when the Shine- 
Dalgarno sequence is still present (pMS32.16 and pMS32.28). 

It is interesting to note that the phage may be able to adjust 
the level of L gene expression by varying the distance between 
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. Fig. 6 Proteins synthesized in minicells carrying the indicated plasmids. For each plasmid the protein pattern before (left lane) and after (right lane) 
induction of the pL promoter is shown. The DNA sequence of pMS32.04, pMS32.16 and pMS32.17 predicts the formation of coat protein nonsense 
fragments of slightly different sizes. pMS32.50 and pMS32.88 give elongated proteins which, according to the DNA sequence, arise from fusion between 
the N-terminal region of the coat protein and a C-terminal part derived from a —1 frame (pM$32.50) or from the lysis protein (pMS32.88). Band X 
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Table 2 Relationship between rate of MS2 coat protein synthesis and 
onset of cell lysis in four recombinants 





MS? coat protein present 


30 min after induction at 42 °C Onset of 
(% of newly synthesized lysis 
Plasmid no. total protein) (min) 
pMS2 30 30 
pMS16 13 35 
pMS12 6 40 
pMS17 3 75 





The relative amount of newly synthesized MS2 coat protein is cal- 
culated from protein separation on polyacrylamide gels (see Fig. 2). The 
coat protein is the major band in most clones and is identified by 
co-migration with in vitro-labelled MS2 coat protein extracted from the 
phage. 


the AUG start codon and the preceding stop codon. This 
distance is 47, 23 and 3 nucleotides in pMS32.04, the -1 and the 
+1 frameshift mutants, respectively. The +1 frameshift mutant 
lyses quickly, the —1 slowly and pMS32.04 not at all. Although 
these represent only three cases, we suggest that the shorter the 
distance between termination and initiation codons, the higher 
the probability for reinitiation. The present data do not tell us if 
both or one particular phase shift operates in vivo. A recent 
analysis”: using in vitro translation of MS2 RNA seems to argue 
for a —1 phase shift in the region of interest. The occurrence of a 
frameshift polypeptide (peptide 9) terminating at position 1,652 
has been reported elsewhere’’. 


Translational fidelity and expression 
of the lysis gene 


The frameshift model presented here predicts that ribosomes 
which exhibit extreme fidelity in translation will not (or only 
barely) synthesize the L protein. This point is implicit in the 
recent observation of De Mars Cody and Conway”, that on 
infection of a particular streptomycin-resistant strain with wild- 
type f2 phage, virus particles accumulate inside the cell but no 
lysis follows. Ribosomes from streptomycin-resistant bacteria 
have a decreased error frequency, both with respect to mis-sense 
and frameshift”. 


Analogy with ®X174 and G4? 


Whether this model can be applied to other overlapping genes is 
uncertain. However, note a peculiar similarity between the 
overlap region in MS2 and that at genes A and B in the DNA 





pMS 3216 oMS 3250  pMS 32.27 pMS 32.17 
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derives from a (stable) host mRNA. pMS32.3 and pM$32.27 are expected to yield MS2 coat protein lacking 1 and 9 amino acids, respectively. The 


protein formed in pMS32.3 cross-reacted with antiserum against MS2 coat protein. The lysis protein is not visible in any of the gels—this is possibly 

due to the very low level of synthesis of the protein. Translation from the start of the synthetase cistron produced a small amount of fusion protein 

running at the position of the coat protein (see for example pMS32.88). Arrows facing left indicate the M82 coat protein or nonsense fragments, and 
the fusion proteins derived from it. 
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Table 3 Effect on cell lysis of deletions in the coat protein sequence around nucleotide 1,628 





16 10 O20 1,630 1640 


1650 L660 1.670 1680 


CAUUCCAAUUUUCGCCACGAAUUCCGACUGCGAGCUUAUUGULAAGGCAAUGCAAGGUCUCCUARAAGAUG 


Stop Stop Start lysis gene 


(~| frame) (+1 frame) 


No. of 

nucleotides Reading Cell 

deleted frame lysis 

3 CAUUCCAAUUUUCGCC 0 AAUUCCGACUGCGAGCUUAUUGUUAAGGCAAUGCAAGGUCUCCUAAAAGAUG = 

16 CAUUCCAAUUUUCGCC +! AGCUUALUGUUAAGGCAAUGCAAGGUCUCCIAAAAGAUG + 
17 CAUUCCAAUUULCGC ~] AGCUUAUUGURAAG GCAAUGCAAGGUCUCCUAAAAGAUG + 
27 CAUUCCAAUULUCGCC O AAGGCAAUGCAAGGUCECCUAAAAGAUG > 
28 CAUUCCAAULUUCGCC +1 AGGCAAUGCAAGGUCUCCTAAAAGAUG + 
50 | CAUUCC -] GUCUCCUAAAAGAUG - 
55 CAUUCC +] CEAAAAGAUG + 
85 +] + Deleted up to nucleotide 1580 GUCUCCDAAAAGAUG + 
88 CAUUCCAAUUUUCGCC +1 Deleted up to nucleotide 1714 + : 





pMS32.3 was constructed by opening the unique EcoRI site of pMS32.00 at position 1,628. The linearized DNA was treated with T4 DNA 
polymerase and re-sealed with T4 DNA ligase. The other plasmids were constructed by treatment of pMS32.00 with the enzyme Bal31 as described in 
the text. All sequences were determined by the procedure described elsewhere’>. 0, +1 and —1 in the deleted sequence refer to the change in reading 
frame at the junction. Stop codons are boxed. In pMS32.N, N indicates the number of nucleotides deleted. The position of the deleted nucleotides is 


shown. 


phages ®X174 and G4 (Fig. 7). Strikingly, the nucleotide 
indicated by an arrow in the out-of-phase ochre codon of 
©X174 is the third base of a codon specifying alanine, thus any 
other base would do. The corresponding U in G4 specifies 
asparagine, thus a C here would not change the meaning of the 
codon. Statistically, the chance of finding a U in the marked 
position in both phages is thus 1 in 8, if the only purpose is to 
specify the particular amino acids. This suggests that the U is 
there to introduce a stop codon. 


Why gene overlap? 


The design adopted by the phage to control and express the L 
gene has two aspects. One is the exploitation of the noise 
inherent in the decoding system. The other is the use of gene 
overlap. In general, gene overlap is considered as a solution for 


A gene l B gene 
@X174 GGA. GCU . AAA, GAAUGGAA,.. 
Gå ...-GGG,AAU.AAA.GAAUGGAA... 
Coat gene Lysis gene 
MS2 CUC.CUA. AAA.GAUGGAA,.. 


Fig. 7 Nucleotide sequences at the A/B gene overlap of phage 

X174 and G4. The marked U is nucleotide 5,058 of ®X174 (ref, 

26) and 1,270 of the G4 sequence (ref. 27). Dots indicate the 

reading frame of the A gene. The coat~lysis overlap of MS2 is given 
for comparison. 


storing as much information as possible in a limited amount of 
RNA or DNA. It seems that another aspect of the overlap may 
be equally important: it allows and enforces the extreme coup- 
ling of expression of two genes that may be difficult or impossible 
to realize were the genes separated. For example, the chosen 
design guarantees that there will not be lysis of the host unless 
enough coat protein has been made, that is, until the infection 
has proven successful”. The use of the phase shift siphons off a 
very small fraction of the ribosomes destined for L protein 
synthesis. This, together with the position(s) of the nonsense 
codon(s), sets the balance between the amount of coat and L 
proteins needed. 

The exploitation of reading frame errors represents a novel 
means of controlling and coupling the expression of overlapping 
genes. If such errors can be programmed into the base sequence 
this permits the synthesis of a large number of different proteins 
from a single template. 
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Particle acceleration at 
planetary bow shock waves 


M. M. Hoppe & C. T. Russell 


Institute of Geophysics and Planetary Physics, University of 
California, Los Angeles, California 90024, USA 


We can extend our understanding of collisionless shocks by 
comparing their behaviour in a variety of plasma conditions at 
several different planets. One property of such shocks is the 
occurrence of upstream magnetohydrodynamic waves asso- 
ciated with particle beams accelerated at these shocks, and 
flowing back towards the Sun’. We report here observations of 
one of these classes of wave at Mercury, Venus, Earth and 
Jupiter. First, we show that the empirical relationship between 
the interplanetary field strength and the frequency of the waves 
in the observer's rest frame, derived originally from ground- 
based pulsation studies, and later, in situ, is approximately true 
at all the planets. Second, the observed frequencies are consist- 
ent with resonance with beams of ions of essentially the same 
energy at each of the planets. This observation is consistent with 
Sonnerup’s’ geometrical model of ion reflection at collisionless 
shocks. The universality of this ion acceleration mechanism in 
the Solar System suggests that like acceleration occurs in similar 
astrophysical systems outside our Solar System and thus may 
provide a source of acceleration for cosmic rays. 

One characteristic feature of the solar wind interaction with 
the planets is the creation of an upstream bow shock, formed 
when the supersonic solar wind encounters the planetary 
atmosphere or magnetic field. Such shocks have been seen at all 
the planets so far probed by interplanetary spacecraft, and their 
general character is similar in many ways to that of Earth’s bow 
shock. However, certain facets of shock structure per se, such as 
the associated plasma wave spectra’ and the magnetic field 
overshoot*, do vary between planets. These changes are 
generally consistent with the evolution of solar wind parameters 
with heliocentric distance. 

We present a complementary comparative study of planetary 
foreshocks, those regions upstream of, but magnetically 
connected to, the bow shocks. The varieties of reflected particles 
and associated waves characteristic of this region at the Earth 
have been studied in some detail’. We focus here on the large- 
amplitude (AB/B~ 1), low-frequency (~0.03 Hz) waves and 
the associated backstreaming ion populations, We now briefly 
review results of the terrestrial work which are pertinent to the 
current study and compare them with studies of the upstream 
regions of Mercury, Venus and Jupiter. 

We use primarily magnetic field data because the plasma 
analysers onboard extraterrestrial missions tend to be 
configured to measure the solar wind and are not in general 
appropriate instruments for characterizing the lower-density 
reflected particles. We focus on the large-amplitude low- 
frequency waves which have been documented in the upstream 
regions of Mercury, Venus, Earth and Jupiter, and studied in 
depth at the Earth®’. It seems likely that these waves are 
generated through cyclotron resonance with beams of reflected 
ionsë, although theory does not yet reproduce all the features of 
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the observations’. These waves have been of interest for some 
time, partially because of their role in the foreshock structure, 
but also because of their apparent connection with geomagnetic 
pulsations of the same frequency. 

The relationships between upstream conditions and pulsation 
character have been investigated on the hypothesis that the 
upstream waves may be the ultimate source of at least some 
classes of pulsations. A linear relationship between pulsation 
frequency and the magnitude of interplanetary magnetic field 
has been found'”'’, Russell and Hoppe’’ recently verified that 
the same relationship that holds for ground data also holds for 
the upstream waves. We have found that this same relationship 
is maintained to a remarkable degree over the orders of magni- 
tude differences in wave frequency and field strength observed 
during the various planetary encounters. This is shown in Fig, 1 
where the frequencies of the upstream waves observed at the 
different planets are plotted as a function of the associated 
magnetic field strengths. Data for Mercury represent Fairfield 
and Behannon's’’ estimate of 5-10s periods for the ‘low- 
frequency’ waves encountered by Mariner 10 on its outbound 
pass. The Venus data were obtained from the Pioneer Venus 
magnetometer. The Earth data are from ref, 12 and the two 
points from Jupiter represent intervals of upstream wave 
activity, one observed by Pioneer 10 (ref. 14), the other by 
Voyager 2. The straight line is the empirical relationship 
between wave frequency and field magnitude found at Earth”. 
Points for all the planets clearly fall along the same linear trend. 
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Table 1 Observed and rest-frame frequencies and resonant velocities 


Planet f (Hz) fol fei Vy/ Usw 
Mercury 0.1-0.2 0.09-0.17 1.2-2.2 
Venus 0.06-0.13 0.064, 0.074 1.7,1.9 
Earth 0.02-0.04 0.03-0.08 2.50.3 
Jupiter 0.0008(P) 0.06 2.3 

0.003(V) 0.02 2.1 





Plasma data for Mercury from ref. 21, for Venus from Barnes 
(personal communication), for Earth from the Los Alamos ISEE team 
(personal communication) and for the Voyager Jupiter encounter (V) 
from the MIT plasma group (personal communication). Typical ter- 
restrial values were scaled to provide estimates for the Pioneer Jupiter 
encounter (P). 


This relationship can be understood as a combined effect of 
ion resonance and Doppler shifting, assuming that the waves are 
in each case low-frequency magnetosonic waves similar to those 
Observed at the Earth. The terrestrial waves, which are a 
characteristic feature of the foreshock region, have long been 
thought to result from instability of ion beams reflected back 
along the IMF by the bow shock®'*, although resonance with 
relativistic electrons has also been recently suggested as a source 
of the jovian waves'*. The terrestrial waves are, however, very 
closely linked with upstream ion distributions’® and spacecraft 
studies’’ have demonstrated that their properties are generally 
consistent with an ion beam generation mechanism. Specifically, 
it was shown that the terrestrial upstream waves are indeed 
magnetosonic waves with rest frame frequencies (fọ) of the 
order of 0.1 the local proton cyclotron frequency (fa). Because 
of Doppler shift effects this identification required the use of two 
point measurements, which for the terrestrial case were pro- 
vided by the dual ISEE 1 and 2 spacecraft. One cannot 
ordinarily determine a wave’s rest frame frequency using data 
from a single satellite. This is because even given the observed 
frequency (f'), solar wind velocity (v,,) and wave propagation 
direction k, there remain two unknowns, the rest frame fre- 
quency (fo) and wavelength (A) in the Doppler shift equation: 


A 


oe 





{= Io* (1) 


The number of unknowns can be reduced if we assume that the 
upstream waves at the extraterrestrial planets have rest frame 
frequencies of the same order as the terrestrial waves, fo < 0.1 fa. 
Waves in these low-frequency ranges have phase velocities very 
close to the Alfvén speed, va = B*/(47n)'?, where B is the 
magnetic field strength and n is the plasma density. Using this 
fact allows us to substitute fpv, =A for A equation (1). We can 
solve for fọ in terms of the measured parameters f’, vew, k, B and 
n: 


font e an) (2) 


Rest frame frequencies were estimated using this approach for 
all observations for which solar wind data were available, and 
wave propagation directions were determined through mini- 
mum variance analysis when possible. The 180° ambiguity which 
results in minimum variance analysis may be resolved by assum- 
ing the waves at Mercury, Venus and Jupiter are attempting to 
propagate upstream, as has been demonstrated to be the case at 
Earth. The angle between v,, and k was determined by mini- 
mum variance analysis of the Mercury, Earth and Voyager 
Jupiter data, was estimated from the average field orientation 
for Pioneer 10, and was assumed to have the same average value 
(35°) at Venus. Table 1 summarizes rest frame frequencies 
estimated in this way, normalized to the local proton cyclotron 
frequency. Estimated rest frame frequencies are of the same 
order at each planet, averaging about 0.07 fa. 


Having found results consistent with the hypothesis that the 
waves are in each case low-frequency magnetosonic waves, we 
can estimate the proton beam velocities required to generate 
waves of the observed frequencies. This was done by substitut- 
ing calculated rest frame frequencies into the formula for the 
resonant ey (v,) of protons interacting with a magnetosonic 
mode wave’? 


(+ fol fa)” 


Va fol fei A 
Calculated resonant velocities normalized by the ambient solar 
wind speeds are also presented in Table 1. Note that the 
resonant velocity given is the velocity parallel to the magnetic 
field relative to the component of the solar wind velocity along 
the field whereas most measurements are of total energy of the 
particles in the shock frame of reference. The beam energies are 
remarkably similar in all four cases, suggesting that essentially 
the same mechanism operates at each bow shock. 

The consistency of the relationship between the observed 
wave frequencies and the magnetic field strength at the various 
planets derives from this equivalence of the source beam ener- 
gies. In fact, taking a value of 2 for v,/v,,, solving for fo using 
equation (3) and substituting this value of fọ into equation (2) 
using a nominal cos 6,, = —0.8 yields the relationship f (Hz) = 
0.006 B (nT), which is in excellent agreement with the empiric- 
ally determined relationship. Furthermore, the similarity of the 
inferred beam energies argues that the magnitude of bow shock 
acceleration must be relatively constant despite differences in 
shock size and structure. This similarity is consistent with 
Sonnerup’s description of bow shock acceleration through 
particle displacement along the interplanetary electric field 
during the reflection process. In this description, which appears 
to predict accurately reflected beam energies at Earth’, shock 
structure and strength have no influence and the amount of ion 
energization is determined strictly by geometrical effects. On the 
other hand, it is intriguing to see the smallest energies associated 
with the small relatively weak bow shock of Venus’’. In any 
case, whatever the particle acceleration mechanism, the analysis 
presented here suggests that ion acceleration is a characteristic 
feature of planetary bow shocks and furthermore that reflected 
particle energies are of the same order regardless of shock scale 
size or structure. 

Mariner 10 magnetic field data for Mercury and Voyager 
magnetic field data for Jupiter were obtained from NSSDC. This 
work was supported by NASA through contracts NAS 5-25772 
and NGL 5-007-190. 
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Although some data from the Viking Lander biology experi- 
ments can be interpreted as indicative of biological activity, the 
existence of organisms in the martian soil samples is considered 
unlikely because of the non-detection of organic compounds in 
the sample’. Viking gas chromatography—mass spectrometer 
analysis detected no organic molecules above a concentration of 
parts per 10° (ref. 2). We consider here why no organic mole- 
cules were detected at the landing sites, whether the sterility of 
the two sites is representative of the entire planet and if there are 
locations on Mars more conducive to the formation and preser- 
vation of organics. We first simulate the destruction of organic 
compounds in Mars-like laboratory conditions, and then 
examine whether the destructive mechanism would operate 
planetwide; and second re-examine UV and IR reflectance 
spectra of Mars for any evidence of organic molecules, and in 
doing so set an upper limit on the organic carbon content of 
average martian soil. The results reveal that the average martian 
soil is organic-poer and makes an unfavourable habitat for life 
forms based on carbon chemistry. There is no reason to believe 
that organic molecules are preferentially preserved anywhere on 
the planet. 

Recent observations of the outer Solar System by ground- 
based and spacecraft UV-IR spectroscopy show an abundance 
of organic compounds, existing as atmospheric gases and 
imbedded in carbonaceous chondrites. Because of its proximity 
to the outer Solar System, Mars should have received a large 
infall of carbonaceous meteorites’. The fact that Viking found 
no organics at the landing sites means that a very efficient 
process must be operating on Mars to destroy the organic 
molecules. 

Chun et al.** proposed a mechanism for the destruction of 
organics on Mars: UV-stimulated catalytic oxidation. The 
degradation process from complex organic ultimately into 
inorganic compounds is: 


Complex Simple 
; hr ; ; he ; 
organic “r, organic Inorganic 
compounds tio: compounds Tio, compounds 
O, O, 


In a controlled laboratory experiment, powders of Murchison 
meteorite (C2), rich in organics, and TiO, were degassed in 
Pyrex flasks. The flasks were filled with oxygen at approximately 
martian surface partial pressure, 0.1 torr. These flasks were then 
irradiated with UV-visible light. Hard UV light that may cause 
photolysis was first filtered out. The flasks were rotated on a 
turning wheel to keep the powder constantly agitated, and 
inhomogeneities in the radiation field averaged out. The flasks 
were examined for changes in gaseous composition using a mass 
spectrometer. Samples of the powder were pyrolysed and 
analysed with a mass spectrometer. According to our proposed 
mechanism, an evolution of CO, in the flasks, and/or a change in 
distribution of masses from high to low molecular weights in the 
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solids would mean that UV-stimulated catalytic oxidation of 
organic compounds has taken place. f 

After irradiation for 4 days a copious supply of CO, was 
observed in flasks where all three ingredients, O,, TiO, and 
carbonaceous chondrite, were present. The evolution of CO; 
was accompanied by a decrease in O, abundance. In flasks 
where all ingredients, except TiO, were present a small but 
detectable reaction took place. In flasks where all ingredients 
except O, were present, or where the carbonaceous chondrite 
was replaced by basalt, there was no evolution of CO,. Also no 
reaction was observed in flasks with all ingredients present but 

ept in the dark. 

We interpret the results of the controlled experiment to mean 
that organic compounds in the carbonaceous chondrite are 
photocatalytically oxidized. Activation energy, provided by 
energetic photons, is required for the reaction to take place. A 
catalyst, TiO, speeds up the reaction, but is not essential. 

Mass spectra of pyrolysed solid samples were difficult to 
interpret due to the vast number of peaks present. Attempts to 
identify and trace the breakdown of high-molecular-weight 
compounds, such as undecane (abundant in C2), into low- 
molecular-weight compounds, such as acetone (a product 
generally observed from photocatalytic oxidation of alkanes), 
were not successful due to obscuration by fragments from the 
breakdown of many other organic compounds. Instead of trying 
to trace the breakdown of a mixture of organic compounds 
present in the carbonaceous chondrite, we decided to trace the 
breakdown of one compound at a time. An example is the 
breakdown of naphthalene, an aromatic compound. The naph- 
thalene sample was prepared and irradiated along with O, and 
TiO, as its carbonaceous chondrite counterpart. The evolution 
of CO, was again observed, accompanied by the appearance of 
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Fig. 1 Dotted curve indicates the absorption index k of martian 
dust (ref. 13). Solid curve is the relative absorption of anatase (an 
allotrope of TiO), normalized to the peak of Mars dust (measured 
oy Zhao and Liang at the Beijing Glass Institute). Molecular 
orbital calculations for TiO, predict bands at the wavelengths 
indicated by tick marks (ref. 21). Data for magnetite (dashed 
curve) and limonite (dot-dashed curve) are from refs 23 and 24, 
respectively. 
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simple organic compounds such as methane. We conclude that 
the naphthalene has broken down into simpler compounds. 

Recently Sancier and Wise’ found that photocatalytic oxida- 
tion is responsible for the degradation of organic compounds in 
terrestrial sand dunes. The catalyst for the sunlight-assisted 
reaction can be ordinary sand particles. 

Whereas all conditions required for the photocatalytic oxida- 
tion of organic compounds: O, (ref. 6), sand (the dunes in Viking 
Lander pictures are evidence), and UV irradiation (as indicated 
by the darkening of UV-sensitive chips mounted on the Viking 
Landers, ref. 7) are present at the Viking landing sites, we 
conclude that the proposed mechanism operates at least at these 
two locations. To extrapolate this finding to the rest of the planet 
we need to examine conditions elsewhere to see if the require- 
ments for photocatalytic oxidation are also satisfied. 

The polar regions of Mars have been suggested as the most 
favourable sites for preservation of organics but there is no basis 
for this speculation. First, Mariner 9 UV spectrometer obser- 
vations showed that solar radiation of wavelengths as short as 
200 nm easily penetrates the martian atmosphere down to the 
polar cap”. Second, sand grains exist in great abundance in the 
polar regions on Mars—in dunes and laminated between 
condensates’. Third, ozone is found in the martian polar 
atmosphere, although not in a concentration to attenuate the 
solar UV significantly '°. The presence of O, requires that O, be 
there also. Therefore, all conditions necessary for the photo- 
catalytic oxidation of organics—UV radiation, oxygen, and 
sand—-are present in the polar regions of Mars, and the destruc- 
tion of any organic molecules on the polar caps seems almost 
certain. 

Theoretical atmospheric modelling by Hunten'! showed that 
the formation of oxidants is planetwide on Mars. Atmospheric 
radiative transfer calculations by Kuhn and Atreya’? found that 
all latitudes on Mars receive lethal annual dosage of solar UV 
radiation. Sand dunes are common on Mars’. Therefore, all 
conditions required for photocatalytic oxidation of organics 
seem to be satisfied, and we conclude that there is no basis for 
optimism for finding organic molecules anywhere on Mars. 
Organics could be buried undergound, but the fact that Viking 
found none under a rock does not support this conjecture. 

In addition to the above comparative analysis we can use 
spectral remote sensing data of Mars to extend the Viking 
findings. UV and IR spectroscopy are very sensitive techniques 
in quantitative organic analysis. Therefore, UV and IR 
reflectance spectra of Mars, when properly interpreted with the 
aid of laboratory ‘ground truth’ measurements, can yield the 
surface chemical composition of areas not examined in situ. 

Most molecules have spectral signatures in the small range of 
UV wavelengths 120-320 nm. Unfortunately UV observations 
of the martian surface are usually hampered by Rayleigh scat- 
tering (at A <320 nm) and absorption (at A = 180 nm) due to 
carbon dioxide molecules in the martian atmosphere’®”, 
However, during dust storms surface material is raised and 
suspended as dust in the atmosphere. The 1971 global dust 
storm was particularly favourable for remotely sensing the 
physical properties of Mars dust particles, and the UV spec- 








trometer on the Mars-orbiting Mariner 9 spacecraft observed 
the dust clouds as resolutions and phase angles not possible from 
the Earth. By modelling the observed phase function (intensity 
as a function of the scattering angle) of the dust particles with 
theoretical scattering calculations their complex refractive index 
(n —ik) can be determined. The wavelength dependence of the 
absorption index k of martian dust is shown in Fig. 1. The 
absorption increases with decreasing wavelength down to 
~210 nm, but decreases at still shorter wavelengths. A struc- 
tural shoulder in the absorption spectrum occurs near 250 nm. A 
third feature is also present at ~300 nm. Both the absolute value 
of k and its variation in the UV are consistent with k values in 
the visible/IR, determined by Viking Lander spectrophoto- 
metric observations of martian aerosols'*. UV observations of 
the dust-shrouded Mars by the Orbiting Astronomical Obser- 
vatory (OAO 2) are also consistent with the Mariner 9 
measurements’”. 

Abadi and Wickramasinghe’® have suggested that the 
absorption feature at 210nm may be a signature of highly 
complex organic or pre-biotic molecules in martian dust clouds. 
Their conclusion is based on similarities between the 210 nm 
martian dust band and bands in the absorption curves of organic 
materials, including an extract of the Murchison meteorite!”"®, 
Although there is a superficial resemblance between the martian 
dust absorption spectrum and the data in refs 17 and 18, 
comparisons reveal important differences in both band strength 
and position. Searching through more than 2,000 UV absorp- 
tion spectra of organic compounds’? we could not find any that 
closely resemble the dotted curve in Fig. 1. A combination of 
organic compounds or a sample that we did not examine may 
have had the required spectral characteristics. However, the 
following inorganic interpretation is more reasonable because of 
its simplicity, and because it accounts for all the UV features 
observed in martian dust. 

The suggestion that the UV absorption bands in martian dust 
are due to electronic transitions in titanium dioxide’* has been 
experimentally verified at the Beijing Glass Institute. Titanium 
oxide was vacuum evaporated onto a fused quartz substrate, and 
then oxidized by heat treatment”. X-ray diffraction study 
revealed the crystalline structure of the TiO, to be in the anatase 
form. The optical density of the sample was measured with a 
spectrophotometer at a resolution of AA/A = 0.001. The solid 
curve in Fig. 1 shows the relative absorptivity of the anatase 
sample, normalized to the peak of martian dust absorption. 
Molecular orbital calculations predict absorption bands at 220, 
250, 258, and 296 nm due to metal-ligand transitions in TiO, 
(tick marks in Fig. 11°’. We should also consider whether other 
electronic transitions (Fe*, Fe**) that have been suggested to 
explain the visible/near IR absoprtion features of Mars?” may 
also account for the UV absorption features. Absorption spectra 
of Fe,0, and 2Fe,0,-3H,0 are also shown in Fig. 1. The ferric 
and ferrous transitions do not fit the Mars dust data as well as 
TiO}. In any case, TiO, is expected to dominate the UV spec- 
trum of Mars surface material despite its lower abundance, 
because its band strength is far stronger than that of the iron 
oxides below about 320 nm (refs 23-25). Our conclusion is 
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Fig. 3 Relative reflectance of powders (particle sizes between 0 
and 74 um) of quartz, limonite, and carbonaceous chondrites. 
Petrographical classification in parentheses. Reflectance (relative 
to MgO) at A 2.5 um are: Murchison 7%, Orgueil 9%, Allende 
11%, Karoonda 14%, Felix 15%, Lance 17%, limonite 34%, and 
quartz 82% (see ref. 46). Reflectance measurements of carbo- 
naceous chondrites made by Salisbury are published in part in ref. 
39, Quartz and limonite spectra are given in ref. 40. 


consistent with the detection of titanium by Viking Lander 
inorganic analysis”. 

In addition to the UV analysis we may reinterpret IR 
reflectance spectra of Mars to derive useful upper limits on the 
organic carbon content of martian soil. Extensive IR spec- 
troscopic studies of Mars have been carried out with sophisti- 
cated groundbased, airborne, and spacecraft instrumentation. 
The martian IR spectrum shows the signatures of atmospheric 
carbon dioxide, carbon monoxide, water vapour, and oxygen; 
and of silicates, solid CO., bound and frozen water on the 
surface***’**, Stringent upper limits have been placed on 
undetected atmospheric constituents, for example, parts per 10° 
for methane®**°. The wavelength interval 3.3-3.6 um has been 
especially well scrutinized because nearly all organic compounds 
containing C and H have absorption bands here due to excita- 
tion of the C-H stretching vibration®”**. As all gases known to 
be present in the martian atmosphere® are transparent in this 
spectral region, any absorption feature found superimposed on 
the wing of the 3-um water of hydration band may be assigned to 
organic constituents in Mars surface material. Despite intensive 
search the C-H absorption bands have never been found on 
Mars. Figure 2 shows high resolution spectra of Mars taken by 
Beer”. Absorption features due atmospheric CO, and water 
bound in surface material (3,300cm~> or 3 pm) are clear. 
However, the C-H bands (2,800-3,000 cm™' or 3.3-3.6 um) are 
absent. Observed flux variations in this spectral interval can be 
adequately accounted for by a simple temperature—albedo 
model. 

Laboratory measurements are useful for quantitative rein- 
terpretations of IR reflectance spectra of Mars. Figure 3 shows 
laboratory reflectance spectra of quartz, limonite, and 
representative carbonaceous meteorites*’*°. The methyl and 
methylene (symmetric and anti-symmetric) vibration bands are 
clearly resolved as a doublet on the long wavelength wing of the 
water of hydration band in the spectra of the carbonaceous 
chondrites. The strength of the C-H bands correlates with the 
organic carbon content of the meteorite, for example, Orgueil, 
2.5%; Lance and Felix 0.4%; and Allende, 0.2%. The C-H 
bands are detectable in even in Karoonda, with an organic 
carbon content of only 0.08%. The 3.3-3.6 um features are not 
present in quartz and limonite, representing terrestrial minerals 
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and rocks with organic carbon contents of 0.02-0.06% (ref. 41, 
42). Organic carbon content has been estimated to be about 
80% of total carbon content by Nagy. The remaining 20% 
carbon is in carbonates which do not have the C-H bond. Total 
organic carbon contents of terrestrial rocks are estimated from 
vaporization-pyrolysis measurements of representative rocks, 
scaled to that of the Allende meteorite**. We conclude that the 
absence of the fundamental C-H stretching absorption features 
in the martian reflectance spectra indicates that the organic 
carbon content of its average surface material is at or below parts 
per 10*. The upper limit for organic carbon content pertains to a 
value averaged over the whole martian planet, as when Mars is 
observed by low spatial resolution Earth-based IR spectro- 
scopy, or to a value averaged over the field of view (FOV) of 
spacecraft IR spectrometers, which have best resolution of the 
order of 100 km. The organic carbon content of an area smailer 
than the resolution limit might exceed that averaged over the 
FOV, although Viking GC-MS results make this proposition 
seem unlikely. Field observations in the dry valleys of Antarctica 
have shown that soil samples with organic carbon contents 
<0.1% are generally sterile****. This implies that Mars in 
general and areas examined by IR spectroscopy in particular 
have soil deficient in organic matter, and are unfavourable 
habitats for life forms based on carbon chemistry. 

An inorganic interpretation of Mars’ UV reflectance spec- 
trum is, therefore, more plausible than an organic inter- 
pretation. The IR reflectance spectrum places a stringent upper 
limit on the organic carbon content of average martian soil, 
virtually ruling out biological activities. Laboratory simulation 
and site comparisons give no reason to believe that organic 
molecules are preferentially preserved anywhere on Mars. 
Taken together, the evidence suggests that the sterility of the 
Viking landing sites is representative of the entire planet. 
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Chorus-related electrostatic bursts 
in the Earth’s outer magnetosphere 


L. A. Reinleitner, D. A. Gurnett & D. L. Gallagher 


Department of Physics and Astronomy, University of lowa, 
Iowa City, Iowa 52242, USA 


We report here recent studies of wideband plasma wave data 
from the ISEE 1 and ISEE 2 spacecraft which reveal that 
whistler-mode chorus emissions in the Earth’s outer magneto- 
sphere are often accompanied by high-frequency bursts of 
electrostatic noise. The chorus features that correlate to the 
electrostatic bursts have a hook-like frequency—time variation in 
the frequency range 200-400 Hz, and the associated elec- 
trostatic bursts have a frequency range of ~4-8 kHz. In some 
cases these electrostatic bursts have a harmonic frequency 
structure with a frequency spacing corresponding to the chorus 
frequency. This harmonic structure apparently results from the 
fact that the burst intensity is modulated at the chorus 
frequency. 

Selected wideband spectrograms’ obtained from ISEE 1 of 
the chorus-related electrostatic bursts are shown in Figs 1-3. 
Figure 1 indicates some of the general features of the bursts. In 
this case, the bursts appear to be strongly correlated to discrete 
hook-like features in the chorus band’. In addition to this 
example, many cases of the electrostatic bursts are observed in 
conjunction with intense chorus bands without hooks. In such 
cases the electrostatic bursts are usually merged together in a 
nearly continuous band similar to the extended burst in Fig. 1 
from about 1738:40 to 1738:50UT. A comprehensive survey 
of the locations where the bursts (with or without hooks) are 
observed has not yet been performed. However, all cases 
observed have been in the outer magnetosphere near the day- 
side magnetopause boundary from 7.0 to 17.5 magnetic local 
time (MLT), about 9-12 Rẹ and within ~30° of the magnetic 
equator. 

The frequent occurrences of the electrostatic bursts, whether 
accompanied by hooks in the chorus band or not, as well as the 
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rather limited physical region of occurrence, strongly indicate 
that the bursts are not caused by instrumental effects. To check 
that the bursts are not due to some cross-modulation effect in the 
instrument electronics, wideband data from the IMP 6 space- 
craft have been examined. (The plasma wave instrumentation 
on IMP 6 is detailed in refs 3 and 4.) Although IMP 6 was not in 
the correct wideband mode to observe both frequencies of 
interest as often as ISEE 1, intense chorus accompanied by 
electrostatic bursts have, nevertheless, been found in several 
passes through the outer magnetosphere on the dayside region. 

The electrostatic bursts have several characteristics. The 
bursts typically occur in a frequency band extending from near 
the electron plasma frequency f, as determined by the lower 
edge of the continuum raciation*, down to approximately half 
f,, asin Fig. 1. In the examples shown, the frequency range of the 
burst does not extend up into the continuum radiation, although 
bursts extending up into the plasma frequency have been found. 
In all cases, the bursts occur at frequencies above the electron 
gyrofrequency (f, ~ 1.2 kHz in Fig. 1). 

The bursts have been described as electrostatic because no 
wave magnetic field can be detected in association with them. 
Typically the broadband electric field strength of the bursts are 
about 50 uV m™'. Because the wave magnetic field remains at 
the instrument noise level in all cases, a limit can be placed on 
the electric-to- magnetic field ratio of about E/cB = 0.25 (which 
corresponds to an index of refraction n <4). Because no elec- 
tromagnetic plasma wave mode is known to exist with E/cB = 
0.25 in the frequency range f; < fourt < fp, the bursts are almost 
certainly electrostatic. The typical field strengths of the chorus 
emissions associated with the electrostatic bursts are about 
300 pV m` and 40x 107"? T. 

The electrostatic bursts occasionally have narrowband 
harmonic structure of the type shown in Fig. 2. The harmonic 
structure should not be confused with the vertical striations due 
to the rapid time dependence of the bursts. The harmonic 
structure is only evident when the chorus emission has a narrow 
bandwidth, such as when the hook-shaped features occur. The 
frequency spacing of the harmonic structure corresponds exactly 
with the instantaneous emission frequency of the chorus burst. 

When chorus hooks are found to be correlated with the 
electrostatic bursts, the onset of the electrostatic burst usually 
coincides with the minimum frequency of the hook. This rela- 
tionship can be seen most clearly in the first and last hook in the 
upper panels of Fig. 3. Note that the electrostatic burst usually 
continues for a time after the hook has disappeared or merged 
back into the chorus band. 

Comparative studies using both ISEE 1 and ISEE 2, were 
possible because both spacecraft were in nearly identical orbits 
with a separation of only hundreds of kilometres. Although 
virtually identical chorus hooks were found in the electric field 
wideband data, the electrostatic bursts, while correlated, were 
not identical at the two spacecraft which indicates that the 
structure of the electrostatic bursts varies significantly on spatial 
scales of only hundreds of kilometres. To estimate the 
wavelength of the electrostatic noise, the electric field strength 
has been compared on ISEE 1 and 2, which have electric 
antenna lengths of 215 m and 30 m tip-to-tip. For bursts which 
had similar characteristics at the two spacecraft, the electric field 


Fig. 1 Frequency versus time 
wideband plasma wave data for 5 
November 1977 showing general 
features of the chorus related elec- 
trostatic bursts. The slight inter- 
features of the chorus related 
electrostatic bursts. The slight 
interference from 1738:45 to 
1739:17 uT (also in Fig. 3) is from 
the ISEE electron density experi- 
fg ment. R=11.04R_; magnetic 
, lat. = 21.1°; MLT = 11.6 h. 
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Fig. 2 Wideband plasma wave data showing narrowband 
harmonic structure for 5 November 1977. R = 11.01 Rg; magnetic 
lat. = 21.1°; MLT= 11.7 h. 


strengths were in good agreement, thereby indicating that the 
wavelength of the bursts must be longer than both of the 
antennas, implying a wavelength for the electrostatic bursts of 
Asurst >> 215 m. 

Comparisons of the waveforms of the chorus and the elec- 
trostatic bursts reveal several interesting features. The lower 
panel of Fig. 3 shows the electric field versus time for both the 
chorus and the electrostatic burst. The lower signal is that of the 
chorus while the upper high frequency signal is the associated 
electrostatic burst. Both signals have been run through bandpass 
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filters to eliminate signals not in the frequency band of interest. 
Note that the time duration of these waveform data is only § ms, 
The waveform therefore comprises only a small portion of the 
electrostatic burst from which it was taken. As can be seen, the 
electrostatic noise is actually composed of many shorter bursts 
of a high frequency signal which is modulated at the chorus 
frequency. Thus, the harmonics evident in Fig. 2 are a modula- 
tion effect caused by the periodic pulsing of the electrostatic 
noise at the frequency of the chorus emission. In the cases where 
the harmonics do not occur, the chorus does not occur as a single 
frequency but rather as a band of frequencies, which tends to 
blend harmonics into a broad continuous spectrum. 

The correlation between the envelope of the bursts and the 
chorus waveform is often not as good as the example shown; 
however, the basic modulation effect in which the intensity of 
the high frequency emission maximizes at a given phase of the 
chorus waveform is usually evident. Also, despite the apparently 
abrupt initial turn-on of the bursts in the usual wideband data, 
waveform data show a gradual increase in the amplitude of the 
high frequency bursts, as well as a gradual decrease toward the 
end of each burst. For the case shown in the lower panel of Fig. 3, 
the frequency of the electrostatic emission is 6.7 kHz (+40.5 kHz) 
which is near but below the plasma frequency of 8.5 kHz 
(+0.5 kHz) as determined by the lower cutoff of the continuum 
radiation, 

The strong correlation between the envelope of the elec- 
trostatic bursts and the chorus waveform suggests some strong 
physical interaction between these two wave modes. We cur- 
rently believe that the chorus is phase bunching electrons at the 
phase velocity of the whistler mode and that these resonant 
electrons are triggering an electrostatic instability through a 
two-stream (or bump-on-tail) type mechanism”, We are not 
certain of the exact identification of the electrostatic mode 
involved but the best candiate seems to be a Langmuir wave or 
related beam mode, because the emission occurs very close to 
the local electron plasma frequency. The shift in the frequency 
of the electrostatic emission below the plasma frequency could 
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be due to either a Doppler shift or an intrinsic effect related to 
the two-stream interaction. 

We also believe that the correlated whistler and electron 
plasma oscillation bursts detected in the solar wind by Kennel 
etal.,° are probably essentially identical to the chorus related 
electrostatic bursts described here. Most differences are attri- 
butable to differing plasma parameters in the two different 
regions of interest. The hypothesized interaction between 
these two wave modes is seen as a better alternative than the 
secondary impulsive electron heating mechanism proposed by 
Kennel et ai.°. 

We thank Dr Alain Roux for valuable suggestions on theory, 
and Dr Roger R. Anderson for help with analysis of the data. 
This research was supported by NASA through grant NGL-16- 
001-043 from NASA Headquarters and contract NAS5-20093 
with Goddard Space Flight Center, and the Office of Naval 
Research. 
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Coordination model for the defect 
structure of 
hyperstoichiometric UO,,, and U,Q, 


G. C. Allen, P. A. Tempest & J. W. Tyler 


Central Electricity Generating Board, Berkeley Nuclear 
Laboratories, Berkeley, Gloucestershire GL13 9PB, UK 


Non-stoichiometric compounds or solids in which the ratios of 
the amounts of elements present are not integral may be 
characterized by the formula MX, where x is non-integral and, 
in many crystalline compounds, may vary over quite a wide 
range without change of structure type. Ideally the thermo- 
dynamic stability and physical properties of such compounds 
should be related to the same atomic and electronic model but 
the ways in which various simple structures adapt to departures 
from ideal composition have not been adequately explored. 
Models based on a random distribution of point defects have 
proved successful but selected area electron diffraction and ultra 
high resolution electron microscopy have shown that their 
distribution is not simple. Interaction between defects 
produces microscopic sub-structures or clusters introducing 
specific local properties. Although our knowledge of the prin- 
cipal morphological features of sub-structures has advanced, 
their precise interatomic arrangements are generally unknown. 
Here we derive a model for non-stoichiometric oxides of 
uranium. 

Some oxides of the lanthanide or actinide elements have 
fluorite-type structures and a propensity towards deviation from 
simple stoichiometry. Oxygen can be transferred easily between 
the MO, lattice and the ambient gas phase. UO, is no exception 
and its stoichiometric form is not easy to obtain. Although some 
oxidation occurs even at very low temperatures, homogeneous 
oxidation products are not formed in this way. At room 
temperature, surface oxidation processes are responsible for the 
non-stoichiometric nature of UO, in dry air and further oxida- 
tion is controlled by diffusion of oxygen either in the dioxide 
lattice or through a diphasic surface layer. Only above ~300 °C 
does the oxidation become so rapid that uniform accessibility of 
oxygen to the entire sample becomes a factor. In many defect 
oxides with the fluorite structure non-stoichiometry occurs 
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Fig. 1 The oxygen sublattice showing a 2:2:2 cluster. 


through untenanted anion sites, the cation sublattice remaining 
essentially intact. The formation of UO,,, and U,Os, however, 
occurs by the incorporation of additional oxygen atoms at 
interstitial sites in the fluorite structure of UO, rather than the 
creation of uranium vacancies, and the occupation number of 
cations again remains the same as in the stoichiometric 
compound, 

The interstitial sites have been identified by Willis’?. These 
are of two types which are displaced from the cubic-coordinated 
sites by about 1 Å in the (110) and (111) directions. This 
aggregate or ‘cluster’ depicted in Fig. 1 has the 2:2:2 
configuration which contains two oxygen interstitial atoms along 
(110) identified as 0’, two oxygen interstitial atoms along (111) 
identified as 0", and two vacancies in the oxygen sublattice. The 
formation of these clusters contrasts with the structural defects 
present in other anion-excess fluorite-related superlattices in 
which the basic oxygen cube of the fluorite structure changes toa 
square antiprism’, 

Martin‘ suggested that ordering of defects in fluorite lattices 
could occur to form chains of coordination defects. For MO,- 
phases Martin’s recognition of this phenomenon was based on 
assemblies of vacancy point defects. However, a detailed analy- 
sis of the X-ray photoelectron spectrum of UO ,, suggested a 
defect grouping based on a unique coordination of Willis type 
clusters in which an individual oxygen atom has a total negative 
charge less than in the isolated oxygen ion’. Thus ordering 
similar to that suggested by Martin could occur in UO,,, based 
on oxygen interstitials. Our model for the structure of UO,,., 
including U,Qg, incorporates a chain-like coordination of Oxy- 
gen defect clusters. 

In Fig. 1 the 2:2:2 cluster bridges two uranium atoms which 
then become 9-fold rather than 8-fold coordinate. Using 
neutron diffraction data® for this UO, coordination polyhedron 
the internuclear separations are; 6(U-O) at 2.37 A, 2(U-O’) at 
2.22 A, and 1(U-O") at 2.29 A emphasizing the higher degree of 
covalency in the uranium-cluster bonds. These calculations 
require that the U-U distance be fixed although in practice, this 
is unlikely. Single crystal X-ray diffraction studies of defect 
fluorite-type structures reveal consistent lengthening of U-U 
and shortening of O-O distances around a vacant oxygen site’ 
and similar polarization effects would be expected in the vicinity 
of a cluster. This would shorten the U-U interatomic distance 
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across the cluster and create preferred interstitial oxygen sites 
along the opposite edge of the oxygen cube containing the 
original defect grouping. Thus in addition to the tendency for 
clusters to order under coulombic forces to develop a super- 
structure, on geometrical grounds we can postulate the forma- 
tion of a 2:2:2 cluster chain along (110). A (110) chain in the 
oxygen sublattice is shown in Fig. 2 and its relatiopship to the 
conventional UO, unit cell is given in Fig. 3. 

Within the chain each uranium atom now has the coordination 
numbér 10. Most models for the anion excess phase invoke 
doubly charged intersitials (O7”) compensated by singly charged 
holes (h*) present as U** cations’. At first sight bond length data 
seem to support this view. The average U—O separation in most 
metal uranate (VI) structures is 2.07-2.10 A but in the eight 
coordinate CaUO, structure this distance is 2.21 A (ref. 8) 
which approaches the values derived above. Data from 
measurements of the X-ray photoelectron spectra in the U4f 
region may also be interpreted in terms of a uranium atom in 
crystallographically inequivalent sites where it apparently 
resides in 4+ and 6+ ionic configurations”'® so that although 
ESR measurements on uranates favour the presence of U°* in 
U** lattices'* this may not be the case in the fluorite structure of 
UO). 

The length and frequency of chains determines the overall 
nature of the structure. For low values of x in UO., a random 
distribution of clusters is envisaged. As x increases the prob- 
ability of oxygen interstitials being influenced by clusters already 
formed increases. Gradually as x approaches 0.25 cluster chains 
develop and become ordered. Continuous chains are only 
allowed in every alternate uranium sublattice layer parallel to 
(001) because of O” interference in the oxygen sublattice. At a 
distance of closest approach of 22a, (where dy is the lattice 
parameter of the parent UO, fluorite lattice) in the (110) 
direction only 32 clusters can be accommodated by a unit cell of 
edge 4a, which yields the composition of U40, exactly, and is 
consistent with the superlattice observed by Willis®. A chain 
spacing of 3} V2a, parallel to (110) yields U,O, but is not 
consistent with the U,Q, superlattice. Any increase in oxygen 
content above UO, 4, would involve severe distortion of the 
parent fluorite lattice as additional oxygen atoms would have to 
be accommodated by oxgyen cubes already distorted by O’ or O” 
interstitials. Not surprisingly the next characterized oxide phase 
UO, has a completely different structure. The increased elec- 
trostatic force between uranium atoms separated by a 2:2:2 
cluster produces a lattice shrinkage along the unique [110] chain 
axis. Conversely O’ interstitials along [110] produce a lattice 
expansion. Hence in UO the presence of one or several 
preferentially oriented chains will distort the superlattice from 
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Fig.2 A chain of 2:2:2 clusters in the oxygen sublattice. 
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Fig. 3 The relationship between a 2:2:2 cluster and the normal 
fluorite unit cell. 


cubic symmetry. Indeed distortion from the cubic to rhombo- 
hedral structure in the superlattice of U,O, has been observed**. 
Although the U;0, composition could be accommodated by 
the above model no complete experimental determination of its 
crystal structure exists. Lattice dimensions have been reported 
in terms of a face-centred tetragonal cell derived from the UO; 
structure but the tetragonal phase may be metastable. ..... 
This paper is published by permission of the Central Elec- 
tricity Generating Board. ved 
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Austenitic stainless steels have become important high- 
temperature structural and containment alloys in applications 
ranging from industrial processes to energy generation and 
conversion. The AISI Type-300 series of iron—base austenitic 
stainless steels, in particular, is widely used as a barrier or 
primary containment material for both nuclear and fossil fuels 
operation at temperatures as high as 700 and 1,000 °C, respec- 
tively. Thus any observed deleterious effect of chemical 
environment on the alloy mechanical properties such as the *hot’ 
embrittlement of austenitic stainless steel by liquid zinc’ is very 
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important and, indeed, Old? has mentioned that fission products 
such as caesium, cadmium and tellurium might embrittle the 
austenitic stainless steel cladding of fast reactor fuel pins in 
certain conditions. The few investigations of the high tempera- 
ture mechanical behaviour of iron—base austenitic stainless 
steels in chemical environments intended to simulate in-reactor 
conditions have not positively identified any particularly severe 
chemomechanical degradation, such as that accompanying 
stress corrosion cracking or liquid metal embrittlement. We now 
report the observation of rapid, severe embrittlement of AISI 
316 stainless steel by liquid tellurium—caesium mixtures in the 
temperature region 500-700°C. Our results were obtained 
using a test technique that involves radially deforming small ring 
specimens contained inside an environmental chamber by 
compressive loading at a uniform displacement rate. This ring 
compression test technique has the advantages of facile control 
of the chemical environment and ease of adaptation for work 
with irradiated materials. 

AISI 316 is an austenitic iron—base alloy containing by weight 
about 17% Cr, 13% Ni, 2.5% Mo, 2% Mn, 0.5% Si, 0.06% C 
and various trace elements. The liquid Te—Cs mixtures, which 
were applied to the alloy specimens as thin coherent coatings, 
contained dissolved oxygen at very low activity levels. The ring 
specimens used in our analyses were short (6.35 mm) lengths of 
5.84 mm o.d., 0.381 mm wall AISI 316 seamless tubing with 
average grain diameters in the range 25-36 um. Specimens, 
neutron-irradiated to a fluence of 8 x 10° neutrons cm™* (E > 
0.1 MeV) at 488 °C in the Experimental Breeder Reactor-I] at 
Idaho, were also tested. 

Photomicrographs and scanning electron fractographs of 
unirradiated 20% cold-worked AISI 316 specimens stressed 
and broken in the presence of equimolar Te—Cs mixtures at 
550-625 °C are shown in Figs 1-3. Figure 1 indicates the 
extreme brittleness of the fracture obtained at 625 °C, as illus- 
trated by the sharp drop in load-bearing capability just past the 
yield load. The scanning electron micrographs of the 625 °C 
fracture surface shown in Figs 2b and 3a indicate the totally 
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Fig. 1 Load-displacement curves and photomicrographs of unir- 

radiated 20% CW AISI 316 ring specimens deformed at 625 °C in 

the presence of argon (a) and equimolar Te-Cs mixture (b); linear 
displacement rate 10.2 ums ' (peak strain rate 0.07% s_‘). 





Fig. 2 Low magnification scanning electron fractographs of unir- 

radiated 20% CW AISI 316 specimens stressed and broken in the 

presence of equimolar Te—Cs at 550°C (a) and 625°C (b); the 
direction of fracture is left to right for each specimen. 


intergranular nature of the nonductile fracture. Similar results 
have been obtained on solution-treated AISI 316 and the fast 
neutron-irradiated 20% cold-worked materials. The embrittle- 
ment appeared to be even more marked in the irradiated 
material, occurring throughout the temperature range 450- 
625 °C with a peak load consistently lower than the load cor- 
responding to initial yielding. 

In equivalent test conditions, caesium alone did not embrittle 
cold-worked AISI 316, neither did simulated fission product 
mixtures of cadmium, indium, tin, antimony and iodine, with or 
without (excess) caesium. Liquid tellurium caused some reduc- 
tion in yield stress at 625 °C, but no observable loss of ductility at 
either 475 °C or 625 °C. The marked embrittlement caused by 
liquid Te-Cs mixtures seems to be restricted to compositions 
lying between Cs Te and Te and, due to the absence of any 
concomitant Cs, Te-assisted oxidation of the alloy specimens, it 
is assumed to proceed independently of this corrosion process. 

The observed ‘hot’ embrittlement of Type 316 stainless steel 
by liquid Cs—Te exhibits many features characteristic of ‘classi- 
cal’ liquid metal embrittlement’. Only small quantities of the 
embrittling agent are required but it must be liquid and must be 
in intimate contact with the test specimen during loading. In one 
test, after initially coating the specimen with the Cs—-Te mixture 
corresponding to the conditions for the test results given in 
Fig. 1, the coating was removed with successive washes of water 
and absolute ethanol. The load-deflection pattern for this 
specimen was found to be identical to the uncoated material, 
indicating that the embrittlement effect requires the presence of 
a surface layer of the liquid metal—a typical feature of liquid 
metal embrittlement. The stressed specimen in all cases exhibits 
normal elastic deformation up to some critical strain but, once 
this threshold has been exceeded, nonductile fracture rapidly 
follows; and, at a given strain rate, embrittlement occurs within a 
well-defined range of temperature whose lower limit usually 
coincides with the melting temperature of the embrittling agent. 

The unique feature of this particular embrittlement process is 
the apparent chemical synergism between tellurium and 
caesium as embrittling agents—a synergism that is manifested 
by a marked dependence of embrittling agent activity on 
tellurium chemical potential. On the other hand, the activity of 
the embrittling agent did not appear to be markedly influenced 
by oxygen chemical potential, at least within the relatively 
narrow range of values expected inside a fast breeder reactor 
oxide fuel pin. The concept of ‘inert carriers’ in liquid metal 
embrittlement has been discussed elsewhere*; however, in the 
present case the role of caesium is thought to be more complex, 
being also possibly related to the manner in which wettability 
and tellurium activity change as a function of Cs/Te ratio. 

We believe that the present results are the first observation of 
synergistic ‘hot’ embrittlement of AISI 316 stainless steel by 
liquid Te-Cs mixtures. This particular chemical synergy 
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parallels the synergy operating in Cs, Te-assisted oxidative 
corrosion of AISI316 that sporadically appears inside fast 
reactor oxide fuel pins*, however, the mechanisms and 
consequences seem to be remarkably different. 

Our recent results may have important implications for the 
design and operation of advanced fast reactor fuel pins. The 
composition and chemical states of fission products deposited on 
the inside surface of a fast reactor oxide fuel pin cladding are 
influenced by processes such as transport under thermal 
gradients, selective chemical reactions between fission products 
and between fission products and the fuel, and the temperature 
at a given location. Preliminary thermochemical analyses of the 
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Fig. 3 High magnification scanning electron micrographs of 

intergranular (a) and transgranular (b) fracture surfaces from 

unirradiated 20% CW AISI316 embrittled by equimolar 

Te-Cs; the corresponding test temperatures were 625 °C (a) and 
550 °C (b). 


conditions inside operating fast reactor fuel pins indicate that 
Cs/Te ratios <2 are possible at the fuel-cladding interface. 
However, for the specific mechanism discussed here to be 
operative in a particular fuel pin, the loading on the cladding 
would have to produce the specific threshold strain for liquid 
metal embrittlement at the same time that the chemical condi- 
tions are satisfied. Estimates of the associated probability will 
have to await the outcome of detailed chemical and mechanical 
modelling studies. 

We thank T. A. Lauritzen and W. H. Reineking for experi- 
mental assistance, the US Department of Energy for financial 
support, and personnel at the Hanford Engineering Develop- 
ment Laboratory for supplying irradiated stainless steel speci- 
mens. 
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Carotenoid transformations 
in coastal marine waters 


Daniel J. Repeta & Robert B. Gagosian 


Department of Chemistry, Woods Hole Oceanographic Institution, 
Woods Hole, Massachusetts 02543, USA 





Rapidly sinking large particles contribute a major portion of the 
mass flux from marine surface waters to the sea floor. The 
recognition that organic matter associated with these particles 
undergoes major alterations in its chemical composition during 
vertical transit has raised new questions on the role of rapid 
transformation processes in carbon and nitrogen cycling, 
benthic nutrition, and post-depositional degradation’. Analysis 
of specific organic compounds has established some of the 
compositional changes of these transformations’ *. However, 
most of the changes observed represent the sum of biological 
production and degradation. For example, bacterial and chem- 
ical degradation of fatty acids in the water column may be 
completely masked by an even greater production of these 
compounds by zooplankton. Hence it is often difficult to dis- 
tinguish between competing degradative processes, and to 
assess the relative significance of each. Carotenoid pigments 
have characteristics which make them particularly suitable for 
use as organic tracers to distinguish between short-term 
degradation processes. Carotenoids are widely distributed in 
both photosynthetic and nonphotosynthetic organisms; many of 
them are source specific; they contain diverse functional groups; 
and they represent one of the more labile biogenic compound 
classes in the sea. We report here for the first time the isolation 
and identification of carotenoid transformation products from 
sediment trap experiments conducted in coastal marine waters, 
and discuss the source and significance of observed trans- 
formation products with respect to a proposed degradation 
pathway. 

Sediment traps were deployed in Buzzards Bay, 
Massachusetts (41°32' N, 70°42' W) for two 30-day periods 
between 20 May and 23 July 1980. Traps were set 4 m below the 
surface in a 10-m water column. Collected material was filtered 
and sonic-extracted with methanol (twice, 20 min each) and 
dichloromethane (once, 20 min). Extracts were concentrated 
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Fig. 1 HPLC trace of Buzzards Bay sediment trap sample no. 3. 

Conditions are: 30 x 3.9 mm 5 um amino column, eluted with a 

linear gradient of 0-13% THF/methanol (80/20, v/v) in hexane at 

2 ml min ' for 45 min. After 55 min the eluant was stepped to 

30%THF/methanol for an additional 10 min. Detection was at 
436 nm. 
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Table 1 Fucoxanthin metabolites in Buzzards Bay sediment trap 3, 
21 June~23 July 1980 
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% Total* % Phytoplankton 
Fucoxanthin (Ia) 5 1007 
Fucoxanthinol (Ib) 69 Trace® 
Isofucoxanthinol (IIb) 12 ND 
Fucoxanthin dehydrate (IIa) 1 ND 
Fucoxanthinol dehydrate (IIIb) 6 ND 
Isofucoxanthinol dehydrate (IV) 7 ND 
100% 





ND, not detected. 
* Total fucoxanthin-derived pigments, relative abundances not cor- 
rected for small differences in extinction coefficients (see ref. 9). 


under reduced pressure then separated into compound classes 
by gel permeation chromatography using 100 A yStyragel 
(Waters Associates) with dichloromethane as the mobile phase. 
This procedure removes low-molecular weight lipids and 
chlorophyll pigments which interfere with subsequent steps in 
the analysis. The carotenoid fraction was collected, reconcen- 
trated, then separated into individual components by high pres- 
sure liquid chromatography (HPLC) using a Spherisorb 5 um 
amino column (300 x 3.9 mm) eluted with a linear gradient of 
hexane and 0-13% THF/methanol (80/20, v/v) at 2 ml min” 
(Fig. 1). Carotenoids were detected spectroscopically at 436 nm, 
collected, and further analysed by visible spectroscopy and mass 
spectrometry. Mass spectra were collected on a Finnigan 3200 
quadrapole spectrometer interfaced with an INCOS (Finnigan) 
2300 data system. Conditions are described in Fig. 2 legend. All 
operations were performed at or below 20°C and in low light 
conditions. A more detailed description of the analytical method 
will be given elsewhere. 

The lability of carotenoids has posed severe problems in their 
analysis. When discussing geochemical transformations in 
particular, care must be taken to ensure transformation products 
are not artefacts of the analytical procedure. Analysis of blanks 
spiked with carotenoid mixtures (astaxanthin, g-carotene, 
diadinoxanthin, fucoxanthin and lutein), and of cultured 
phytoplankton (Peridinium trichoidium) of known carotenoid 
composition® showed that no degradation other than cis = trans 
isomerization occurs during our analytical work-up. 

Fucoxanthin (Ia) is the major carotenoid in diatoms and a few 
dinoflagellates, often constituting 70-90% of the total caro- 
tenoids’. In our sediment trap samples, fucoxanthin comprised 
only 4% of the total carotenoid and 5% of the total fuco- 
pigments (Table 1, Fig. 1). The remaining 95% of the total 
fuco-pigments consisted of the fucoxanthin transformation 
products fucoxanthinol (Ib), isofucoxanthinol (IIb), fucoxan- 
thinol dehydrate (IIIb), isofucoxanthinol dehydrate (IV) and 
fucoxanthin dehydrate (Ia). Together these compounds 
constitute 82% of the total carotenoids with diadinoxanthin (V) 
and diadinochrome (VI) contributing another 3% and 1%, 
respectively. Fucoxanthinol (Ib) has been reported as a minor 
component of some algae, and is thought to be an intermediate 
in fucoxanthin biosynthesis*’. Isofucoxanthinol (IIb) is known 
to arise from base-catalysed epoxide opening and is commonly 
cited as an analytical artefact’. For reasons outlined above, we 
believe that the opened epoxides (iso-compounds) in these 
samples are not artefacts of the analytical method, but are due to 
chemical transformations in the water column. We know of no 
reports of naturally occurring dehydrates (IIIa, b) of either 
fucoxanthin or fucoxanthinol. 

Fucoxanthinol (Ib) (Fig. 2) is the most abundant pigment in 
the samples (Table 1). Acylation with acetic anhydride in pyri- 
dine yields fucoxanthin acetate which co-elutes with standard 
fucoxanthin acetate synthesized from fucoxanthin (see Fig. 2 
legend, which gives mass spectrometry and IUPAC data for all 
compounds discussed in this paper). Thermal isomerization of 
fucoxanthin acetate produces an equilibrium mixture of cis 
isomers identical in both chromatographic retention time 
(HPLC) and relative abundance to those derived from the 


standard. The ester hydrolysis which converts fucoxanthin to 
fucoxanthinol can occur by two pathways, a base-catalysed 
chemically mediated ester hydrolysis, or biochemical metabo- 
lism. Base-catalysed ester hydrolysis seems unlikely as epoxide 
opening should precede ester hydrolysis'’. In our samples 
fucoxanthinol, which still contains the epoxide group, pre- 
dominates over isofucoxanthinol, its open epoxide counterpart. 
Biochemical metabolism by zooplankton and other higher 
organisms seems a more likely source. Fucoxanthinol has been 
found as a major fuco-pigment in the guts of sea urchins’ ', thus it 
is not unreasonable that other higher organisms have the ability 
to hydrolyse the ester without rearranging the epoxide. As 
particles collected in sediment traps are thought to represent 
material which has been extensively reworked by heterotrophic 






“isnt maaan SEE A rege ape wg 


400 450 500 550 600 


broranard arrer aerarmea sneered 
pr SS eee aaa canine Rene BAN senna tt tne pn 





400 450 500 550 600 


ESNE EEI GEREI CERO SNARES OINEI CEET SEE 


" No canes a eaaa cee aaaea aii MOORES 





400 450 500 550 600 
mie 
Fig. 2. Chemical ionization mass spectra of a, fucoxanthinol (Ib) 
(M+1=617, M+1-18(-H,O)=599, M+1-18-18=581, M+ 
1-18-18-18 = 563, M+1-170 (cleavage to the 7,8 ketone) = 
447, M+1-170-18=429), b, fucoxanthin dehydrate (Ila) 
(M+1=641, M+1-18=623, M+1-60(-acetate)=581, M+1- 
18-60 = 563, M+1-170=471); and c, fucoxanthinol dehydrate 
(lib) (M+29=627, M+1=599, M+1-18=58im M+1-18- 
18 = 563, M+ 1-170 = 429); CH4 reactant gas 900 pm, ionization 
voltage 130 eV, ionization current 500 pA. Where: fucoxanthinol 
(Ib) (5,6-epoxy-3,3’,5'-trihydroxy-6',7’-didehydro-5,6,7,8,5',6'- 
hexahydro-8,8 caroten-8-one} (M+1=617,M+ 1-18 =599,M+ 
1-18-18=581, M+1-18-18-18=563, M+1-170-18 =429). 
Fucoxanthin acetate (5,6-epoxy-3,3',5'-trihydroxy-6’,7'-didehy- 
dro-5,6,7,8,5',6’-hexahydro-8,8 caroten-8-one, 3,3'-diacetate) 
(M+1=701, M+1-18 =683, M+1-60=641, M+1-18-60= 
623). Fucoxanthin dehydrate (IIIa) (5,6-epoxy-3,3'-dihydroxy- 
4',6',7'-tridehydro-5,6,7,8,6’-pentahydro-8,8 caroten-8-one 3'- 
acetate) (M+ 1=641, M+1-18 = 623, M+ 1-60 =581, M+ 1-18- 
60 = 563, M+1-170 = 471). Fucoxanthinol dehydrate (IIIb) (5,6- 
epoxy -3,3’-dihydroxy-4’,5’,7'- tridehydro-5,6,7,8,6'-pentahydro- 
B.B caroten-8-one) (M+1=599, M+1-18=581, M+1-170= 
429). Dehydro-fucoxanthin diacetate (5,6-epoxy-3,3’-dihydroxy- 
4',6’,7' -tridehydro-5,6,7,8,6'-pentahydro-8,8 caroten-8-one 3,3’- 
diacetate) (M+1=683, M+1-60=623, M+1-212=471), 
Double bond in dehydrates tentatively assigned to the 4’,5’ 
position. (See ref. 10.) 
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organisms’, we propose that fucoxanthinol represents a 
metabolite of heterotrophic activity. Other studies conducted in 
our laboratory, concerned with the direct collection of 
zooplankton faecal pellets from field cultures, verify this hypo- 
thesis? 

The mass spectra of fucoxanthin dehydrate (IIa) and fuco- 
xanthinol dehydrate (IIIb) (Fig. 2) are both consistent with loss 
of the tertiary alcohol at the 5’ position (Fig. 3). The mass 
fragment M+ 1-170 arises from a cleavage of the 7,8 bond a to 
the 8-ketone. The resulting mass fragments (471, 429 AMU) 
correspond to a loss of a hydroxyl group at either the secondary 
3’ or tertiary 5’ position. Acylation of the isolated fucoxanthinol 
dehydrate (IIIb) yields a diacetate. Acetic anhydride in pyridine 
acylates only primary and secondary alcohols in the conditions 
used in our synthesis. The mass increase of 84 AMU for the 
acylated dehydrate over the underivatized parent is consistent 
with the esterification of the two hydroxyl groups at the 3 and 3’ 
position. Therefore, dehydration proceeds with the loss of the 5’ 
alcohol. Sufficient amounts of fucoxanthin dehydrate (Ila) 
could not be isolated to derivatize, hence our conclusion of 5’ 
hydroxyl loss for this compound rests on mass spectral evidence 
alone. 

Determining the mechanism of dehydration is difficult. There 
is little evidence in favour of either a biochemically or chemically 
mediated reaction. Chemically, an acid-catalysed dehydration 
reaction seems most likely. However, we find substantial 
amounts of the unrearranged 5,6 epoxide, diadinoxanthin (V) in 
our samples. In acidic conditions the 5,6 epoxide rapidly rear- 
ranges to the 5,8 furanoxide, diadinochrome (VD. H the acidic 
conditions necessary to dehydrate fucoxanthin existed in our 
samples, all the diadinoxanthin should have rearranged to the 
5,8 furanoxide. Although some diadinochrome was observed, 
we believe that dehydration is probably not a result of chemical 
acid catalysis, but a more site-specific metabolic reaction. 
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Fig. 3 Proposed pathway showing ester hydrolysis, dehydration 

and epoxide opening for biochemical and chemical degradation of 
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study. 
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Fig.4 Molecular structure of diadinoxanthin (V), diadinochrome 
(VD, peridinin (VID and dinoxanthin (VID, 


The dehydration of sterols'*'°, amino acids'’, and phytol'* 


occurs in a variety of marine environments and both chemical 
and biochemical mechanisms have been proposed, The dehy- 
dration of stanols to sterenes is structurally analogous to the 
dehydration of the secondary 3 or 3’ hydroxyl of carotenoid 
alcohols. The dehydration products of fucoxanthin (Fig. 3, 
Ila, b) arise from loss of the tertiary 5' hydroxy! group, with 
retention of the hydroxyl groups at both the 3 and 3’ positions. 
This suggests either that different processes exist for the dehy- 
dration of stanols and carotenoid alcohols, or there is a general 
process which displays an order of biochemical reactivity (for 
example, tertiary alcohols dehydrate faster than secondary 
alcohols). In the latter case we would expect to observe a 
sequential dehydration through the 3,5’ (or 3’,5') didehydro and 
3,3’,5’ tridehydro intermediates. The carotenoid mixtures in our 
samples contain ~100 components, of which only the 20 major 
components have been identified by our methods. Our analysis 
does not exclude the existence of more highly dehydrated 
metabolites in our samples. 

In conclusion, we have observed ester hydrolysis and dehy- 
dration of fucoxanthin associated with particles collected in 
sediment traps. We propose a biochemically mediated trans- 
formation pathway (Fig.4) which predicts that other caro- 
tenoids structurally similar to fucoxanthin (such as peridinin 
(VII) and dinoxanthin (VIII) from dinoflagellates) should 
undergo analogous transformations. We are conducting 
experiments with both long- and short-term sediment trap 
deployments, and direct collection of zooplankton faecal pellets 
to substantiate the proposed mechanisms. 
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Marine deposits 35,000-25,000 
years old in the 
Chott el Djerid, southern Tunisia 


G. W. Richards & C. Vita-Finzi 


Department of Geography, University College, Gower Street, 
London WC1E 6BT, UK 


The Chott el Djerid is a large, salt-covered depression in 
southern Tunisia (Fig. 1). The late nineteenth century idea that 
the basin had been invaded by the sea’” has been superseded by 
the view that any Quaternary flooding of the Chott must have 
P ited from climatic changes, as the fossils found in its sedi- 
“mem are not exclusively marine and there is no indication of the 
fluctuations in sea level or of the crustal movements that would 
be required to fill and then empty the basin”. We report here 
evidence for a marine connection 35,000--25,000 years ago and 
show that it implies subsequent uplift by some 80 metres in an 
area long regarded as either stable? or prone to subsidence 
throughout the Quaternary’. 


Two sets of terraces border the Chett. The earlier terrace 


dates from Villafranchian {Lower Pleistocene) times. The 
younger terrace contains numerous shelis of the bivalve Ceras- 
toderma (= Cardium) glaucum (Bruguière) and a few of the 
gastropods Melania tuberculata (Miller) and Hydrobia sp. In 
the Tozeur area Corbicula fluminalis (Miller) is also present. 
The microfauna includes 14 species of marine foraminifera, 
predominantly Ammonia beccarii (d’Orb.), and three species of 
ostracoda (Cyprideis sp.)’. 

Radiocarbon ages ranging from 22,000+800 to 
32,40073's00 yr BP on shell samples obtained from the younger 
terrace by Pagef supported previous estimates’ of its age and 
confirmed that it formed at a time when sea level was lower than 
today. Flooding was thus ascribed to climatic oscillations 
whether in the guise of reduced evaporation and thence a rise in 
the water table” or of an increase in rainfall effectiveness‘. The 
fauna appeared to be consistent with lacustrine conditions. C. 
glaucum can tolerate salinities of 3-60% (ref. 7). M. tuberculata, 
though sometimes washed onto modern beaches (as at Gabes), is 
essentially a freshwater species. Both species occur together 
with Hydrobia sp., Corbicula africana and other freshwater or 
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Fig. 1 Location map. Dashed line (after ref. 3) shows former 

extent of Chott el Djerid. Stipple indicates present-day salt- 

covered depressions. Star shows location of sites sampled for '*C 
dating. 


brackish water organisms as well as Foraminifera in Quaternary 
lake deposits in Wadi Shati, south Libya®”’. 

In March 1981 we found numerous rolled fragments of the 
oyster Ostrea stentina (Payr.) in one of the two type sections” in 
the younger terrace at Helba, 1.5 km north-east of Tozeur (Fig. 
1) and 40 m above sea level. The deposits, which also contained 
abundant C. glaucum and a few specimens of M. tuberculata, 
consisted of a pebbly sand 30-cm thick resting unconformably 
on a southward-dipping clastic series ascribed to the Plio- 
Pleistocene*. What appears to be a regressive shoreline is 
exposed 5 m lower ard some 200 m to the south-east of the first 
section. Here O. stentina is present within two gravel beds 
separated by 30 cm of massive sand containing a few C. glau- 
cum. The upper bed is 5cm thick and composed of large 
pebbles, the lower is a fine gravel at least 20 cm thick (Fig. 2). 

Ostrea stentina is now found living in the intertidal zone at 
Gabes and elsewhere on the Tunisian coast. Unlike C. glaucum 
it has not been recorded from hypersaline or brackish lagoons’® 
Redeposition from older rocks is unlikely because the only 
oysters hitherto reported from the local Tertiary rocks are 
O. multicostata Desh., O. punica Thomas and O. bellovacina 
Lmk"', Transport by man cannot be ruled out, but it is improb- 
able in view of the absence of complete shells and of artefacts or 
other evidence of human occupation at the two sections, and the 
lack of oyster shells from local prehistoric sites'* 

Radiocarbon ages were determined on oysters from the two 
exposures (Fig. 2} and also on a sample of C. glaucum from the 
upper exposure. No sample showed evidence of recrystallization 
when examined in thin section, and X-ray diffraction confirmed 
that the C. glaucum shells had retained their aragonitic 
composition. The stable isotope measurements (Table 1) and 
the good agreement with the '“C ages previously reported® for 
the terrace are consistent with this view'*. If one accepts that 
~ 30,000-yr ago sea level lay 40 m below its present position’ 
the beach deposits represent total emergence by 80 m and 75 m 
respectively, and hence uplift rates of 2.3-3.3 mm yr‘. A sea 
level of —8 m as indicated by the sedimentary record beneath 
the Sebkha el Melah‘? (Fig. 1) would yield uplift rates of 
1.4-1.7 mm yr“! 

The results conflict with the evidence presented by geo- 
morphologists for local stability’ and by geologists for local sub- 





Table 1 Sample data from the Chott el Dierid 





Age* SC 5°O 
Sample no. Lab, no. Lat. and long. (yr BP) yh Ko Species 
T81/20 BETA-2653 33°56' N, 8°9' E 35,140 + 1,190 Lid —2.67 Ostrea stentina 
T81/2¢ BETA-2615 33°56’ N, 8°9' E 28,950 + 280 —0.06 ~1,17 Cerastoderma glaucum 
T81/3 BETA-2654 33°56' N, 8°O' E 25,360 + 270 LZ -2.51 Ostrea stentina 


* Normalized to 6'°C = 0% PDB. 
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Fig. 2 Section at sample locality. Stipple represents the older of 

the two dated terraces; open circles denote gravel bands in younger 

terrace; inclined lines denote Plio-Pleistocene beds. The two 
sample points are listed in Table 1. 


sidence*, but accords with reports of uplift by 9m since 
9,500 yr BP (equivalent to an average of 3.9mm yr™') in the 
Wadi el Akarit® (Fig. 1). It remains to be seen whether other 
parts of the Chott el Djerid yield a similar record and how it 
relates to the Pleistocene folding at Gafsa’ and the slight 


Holocene uplift detected on the Tunisian coast south-east of 
Jerba”. 

We thank John Billeter, Solene Morris, Pat Nuttall, Reza 
Samadian and Brian Walker for their help. G.W.R. holds a 
NERC studentship. 
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Myoblasts from Drosophila wing 
disks can contribute to 
developing muscles throughout the fly 


Peter A. Lawrence & Danny L. Brower* 


MRC Laboratory of Molecular Biology, Hills Road, 
Cambridge CB2 2QH, UK 





In insect embryos groups of epidermal cells are already deter- 
mined’ to form particular compartments of the aduit“. In 
Drosophila this determination is maintained through cell 
divisions, is stable to experimental interference’** and is 
thought to depend on the activity of a particular class of 
homoeotic genes*’”. In contrast to our understanding of the 
ectoderm, we know little about determination of the mesoderm, 
which gives rise to the musculature. A recent study of cell 
lineage in the thorax of adult Drosophila has shown that the 
muscles of each segment are divided precisely into sets (P.A.L., 
in preparation). The dorsal and ventral muscle sets of the 
mesothorax probably derive from adepithelial myoblasts’""’ in 
the wing and leg imaginal disk, respectively (P.A.L., in pre- 
paration). We describe here a new method of marking cells to 
trace myoblasts from the wing imaginal disk. We show that, 
when implanted, these mesodermal cells do not develop as they 
would in situ but instead contribute indiscriminately to develo- 
ping host muscles. This result suggests that, whereas the 
ectodermal cells of the disk are committed to form a particular 
region of the adult, the mesodermal cells are not. 

Portions of the wing imaginal disk from a wild-type larva were 
implanted into mature larval hosts. The donor cells carried the 
wild-type allele (sdhk”) at a locus which affects the enzyme 
succinate dehydrogenase; the host larvae were mutant 
(sdh?/sdh’) at this locus’. After metamorphosis the flies, as 
well as unimplanted controls of both genotypes, were histo- 
chemically stained for enzyme activity (see Fig. 1 legend). In the 
sdh” flies all muscles stained an intense dark blue, the stain 
being localized in the mitochondria. In the sdh?/sdh’ flies most 
muscles varied between pure white and pale blue in colour; 
25 abdomens were examined, and dark blue muscles were 
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seen only in the genital region. For this reason the genital 
muscles were not studied in the following experiments. Of 
25 mutant thoraces sectioned, all muscles were white to pale 
blue. 

A portion of the wild-type wing disk (02 piece’; see Fig. 
1) containing muscle precursors, the adepithelial cells, was 
implanted into 29 adults. In every case where the implant was 
retrieved it consisted of mesonotum and wing hinge structures, 
as expected’*, and was usually found in the posterior region of 
the abdomen. Only occasionally were implants associated with 
substantial numbers of adventitious muscle fibres and these 
could not be recognized as being of any particular type. Near the 
implant, some of the hosts showed abdominal muscles that were 
frequently (28/29 cases) stained dark blue (Fig. 2). These host 
muscles appeared normal in every other respect. The intensity of 
staining varied from fibre to fibre, densely stained fibres often 
being intermingled with unstained ones (Fig. 3). Further from 
the implant only occasional muscle fibres were stained, but these 
were prominent against the pale unstained background of the 
other fibres. The pleural membrane of the abdomen is covered 
with a delicate sheet of laterally oriented fibres, and these were 
also stained blue near the implant. In addition, the thoraces of 
many of the experimental flies (10/26) contained stained muscle 
fibres. For example, dark patches of stain were observed in both 
the direct and indirect flight muscles but were never found in the 
unimplanted controls (Fig. 4a, b). 

There were three successful implantations of portions of the 
wing disk which probably do not contain adepithelial cells'* (58 
pieces, Fig. 1). These implants formed the expected type of 
cuticle (wing blade and thoracic pleura’*) and were not asso- 
ciated with any muscle fibres. All the host muscles of the 
abdomen and thorax were normal in structure and position and 
none stained dark blue. 

Clonal analysis has shown that sdh alleles are cell- 
autonomous markers’? which can be used in the muscles 
(P.A.L., in preparation). It is therefore highly unlikely that the 
succinate dehydrogenase activity was rescued other than by 
myoblast fusion. This is supported by the absence of staining 
when pieces of disk (58) lacking adepithelial cells are used. The 
sporadic staining of fibres far from the site of the implant also 
suggests that the myoblasts migrate and fuse with host muscles. 
The fact that pale, intermediate or dark fibres are closely 
intermingled suggests that none, a few or many donor cells may 
contribute to each fibre. It therefore seems that sdh* myoblasts, 
released from the wing imaginal disk, fuse indiscriminately 
with host muscles. 
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The adult muscles vary in many respects including sarcomere 
length, nuclear shape, mitochondrial size and fibre dimensions. 
However, when the host muscles of the abdomen and thorax 
stained blue, and were therefore at least partly composed of 
donor myoblasts, their structure appeared normal in every 
detail. There is evidence that the donor myoblasts in situ form 
only the dorsal muscle set of the mesothorax, which includes all 
the indirect flight muscles and a specific set of the direct flight 
muscles (P.A.L., in preparation). After implantation, they 
exhibit no such restriction and can apparently contribute to any 
host muscles with which they happen to fuse. Thus when 
removed from their normal environment, the adepithelial cells 
are not determined with respect to the type and location of the 
muscles they will form. By contrast, the fate of the epidermal 





Fig. 1 Summary of the experimental procedure. A wing imaginal 
disk was dissected from a wild-type larva, and either the 58 or 02 
piece’? was sliced with tungsten needles and transplanted into the 
abdomen of a mutant host larva. After metamorphosis the host fly 
was stained for enzyme activity; dark fibres were found sporadi- 
cally in the muscles, especially near the site of the implant. The 
shaded area in the disk shows the distribution of adepithelial cells, 
based on the binding patterns of fluorescent peanut lectin and a 
monoclonal antibody'*. For marking the cells we used different 
alleles at the sdh locus'*. Hosts were b sdh*/b sdh” and therefore 
contain a thermolabile form of the enzyme succinate cehydro- 
genase’. After careful heating the succinate dehydrogenase 
activity disappears in sdh*/sdh’ muscles but survives in sdh* 
muscles. Donors were from a wild-type (Barton) stock. The black 
(b) mutation (see ref. 24) allowed the identification of the 
sdh*/sdh’ host larvae, which could be distinguished frem their 
siblings by the dingy colour of the posterior spiracles. Enzyme 
activity, which is located in mitochondria, was specifically stained 
using the reduction of nitrobluetetrazolium'*. Mature sdh* disk 
fragments were implanted into the abdomen of fully grown 
sdh*/sdh’ larvae by standard methods”. After metamorphosis 
the abdomen was dissected with the implant, heated to 52°C in 
Ringer's solution for 15 min then stained for 2h. The thoraces 
were heated to 53°C in Ringer's solution for 15 min, stained for 
2-3 days, embedded in paraffin wax and sectioned at 25 um. 


cells is determined; when transplanted into mature larvae they 
differentiate according to their prospective fate’. 
In contrast to earlier studies'*'® it has been shown that the 


adepithelial cells do not arise directly from the disk epithelium 
(refs 17, 18 and P.A.L., in preparation) and fate-mapping 
studies of the adult flight muscles place their precursors in the 
mesodermal region of the blastoderm, at some distance from the 
presumptive epidermis’’. The adepithelial cells can therefore be 
designated as mesoderm. Experiments on insect embryos have 
shown that when pieces of ectoderm are removed or damaged, 





Fig.2 The dissected ventral abdomen of a host after implantation 

of a 02 piece of wing disk. Note that in the vicinity of the implant, 

numerous muscle fibres have stained dark blue (solid arrows). 

Open arrows indicate unstained muscles. For description of the 
adult muscles of Drosophila see Miller™®. x230. 





Fig. 3 Detail of abdominal muscles from another implant pre- 
pared as in Fig. 2 legend. Note that stained fibres (solid arrows) are 
intermingled with unstained ones (open arrows). x 1,000, 
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Fig. 4 a, Section of the thoracic muscles from an individual 

containing a sdh* implant in the abdomen. The dark regions (solid 

arrows) in the indirect flight muscles indicate the participation of 

donor myoblasts. x115. b, Individual fibres of some direct flight 

muscles are stained (solid arrows), others unstained (open arrows). 
x 450, 


the underlying mesoderm fails to differentiate, whereas when 
the mesoderm is removed, the ectoderm differentiates 
autonomously” *’. These earlier results, the present paper and 
recent studies of developmental genetics give a consistent 
picture. In the ectoderm, determination and development 
depend on genetic elements which are locally deployed in seg- 
mental and subsegmental compartments*’***. By contrast, the 
mesodermal cells do not appear to be as precisely determined, 
their development being at least partly dictated by the neigh- 
bouring ectodermal cells. Thus the cellular and genetic 
mechanisms of control seem to differ for the two germ layers. 

We thank Mark Bretscher and Pat Simpson for discussion, 
Paul Johnston for assistance and Gary Struhl for help with the 
manuscript. 
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Electrical stimulation of hindlimb 
increases neuronal 
cell death in chick embryo 
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The daily treatment of chick embryos with neuromuscular 
blocking agents during the period of massive naturally occurring 
death of spinal motoneurones (days 5-10) reduces the normal 
loss of these cells’*. Because both pre- and postsynaptic block- 
ing agents have this effect’, the cause seems to be related to a 
reduction in synaptic and/or muscular activity. If this inter- 
pretation is correct, an experimentally induced increase in nerve 
or muscle activity (and/or an increased activation of acetyl- 
choline receptors, AChR), during the normal cell death period 
should accelerate or enhance the loss of motoneurones. Consis- 
tent with this prediction, we have found that daily treatment 
with the nicotinic receptor agonist, carbachol, or with the anti- 
cholinesterase (anti-ChE) agent, eserine, leads to a significant 
enhancement of cell death of spinal motoneurones’. However, 
because in the same study other related agents (for example 
nicotine) failed to alter normal cell death, we believed that a 
different approach might provide a better test of our prediction. 
We now report that short-term continuous electrical stimulation 
of the hindlimb (the musculature and nerve trunks) initiated at 
any time between stages 31 (day 7) and stage 34 (day 8) results 
in a significant reduction in the number of healthy 
motoneurones and an increase in the number of pyknotic 
(degenerating) motoneurones in the lumbar lateral motor 
column (LMC). As the number of pyknotic cells in the dorsal 
root ganglia (DRG) is unaltered, this effect seems to be specific 
to motoneurones. 

White Leghorn chick embryos were treated with curare, 
a-bungarotoxin (a-BTX) or saline as previously described’. 
Briefly, beginning on day 5, 100-200 yl of a curare (2-2.5 mg 
per embryo), a-BTX (75 ug per embryo) or 0.9%saline solution 
was injected daily onto the vascularized chorioallantoic 
membrane (CAM). About half the embryos in each group 
(saline and curare or a-BTX) were used for electrical stimula- 
tion while half were subjected to sham procedures. The curare 
and a-BTX treatment was associated with a significant reduc- 
tion in the rate of spontaneous neuromuscular activity (embry- 
onic motility)’. Data from the curare and a-BTX embryos 
were pooled (curare/a-BTX). To gain access to the embryo’s 
leg, a relatively large lateral window was made in the shell, and 
the CAM and amnion were cut, avoiding most blood vessels. In 
all cases, the right leg was used for both the experimental 
(stimulation) and sham procedures. Stimulation suction elec- 
trodes (2.5 mm tip diameter), made from polyethylene tubing, 
were filled with a saline solution and held in a micromanipulator 
for attachment to the thigh region of the leg. The leg of the 
embryo was stabilized by either pulling it out of the amniotic 
fluid and placing it on top of the CAM or by securing it with 
a hair loop which was attached to the shell. Despite these 
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Fig. 1 The average number of motoneurones (+s.d.) in the 
lumbar LMC of saline (©) and .curare/a-BTX (@) treated 
embryos. Embryos were treated as described by Pittman and 
Oppenheim’. A, The average number of motoneurones in the right 
LMC of all experimental embryos in the present study (saline plus 
curare-a@-BTX treated, stages 31-35) following electrical stimula- 
tion of the right hindlimb at various times during the stimulation 
period (—~) (see text for details), 


precautions, the suction electrode occasionally became detached 
from the leg. Consequently, the embryos were checked every 
3-4 h and in those cases where the electrode hac lost contact it 
was re-attached. Following the attachment of the electrode, the 
window in the egg was closed with Parafilm and the egg placed in 
a temperature-controlled environment of 33-35 °C. Electrical 
pulses were delivered via a Grass stimulator (duration 0.6 ms, 
rate 0.5~1.0s~'). The stimulus intensity was adjusted to 1.5-2.0 
times the minimal intensity required to produce visible contrac- 
tions of the leg. It was sometimes necessary to readjust the 
stimulus intensity during the experiment. The sham procedure 
was similar in all respects to that described above except that the 
stimulator was not turned on. At the end of the stimulation 
period, the surviving embryos (<12% of the total) were killed, 
staged’, fixed and processed for histological examination. The 
histological procedures and the methods for counting healthy 
and pyknotic neurones were as previously described** (also see 
Fig. 26 legend). 

From a total of 210 embryos, 24 survived and were killed after 
5-22 h of treatment (mean 12.8 and 14.3 h for experimental and 
control respectively), Of these, nine (five experimental, four 
control) were found to have various degrees of limb necrosis 
caused either by the manipulation involved in attaching the 
electrodes or by electrolytic damage. Two animals in each group 
(experimental and control) had extensive necrosis of the leg and 
were excluded from further analysis. (Compared with the other 
experimental cases these embryos had more than double the 
number of pyknotic neurones in both the lumbar DRG and 
LMC.) The other five embryos (three experimental, two control) 
had only a small amount of necrosis, limited to the foot region, 
and thus are included in the data analysis. With these exceptions, 
based on a preliminary light microscopic analysis of limb 
musculature, there were no obvious differences in muscle 
histology between the experimental and control limbs. Most of 
the experimental embryos used for analysis were still showing 
visible limb contractions in response to the electrical stimulation 
at the end of the experiment. 

Figure 1 shows an analysis of the changes in motoneurone 
number during development of the lumbar LMC of control 
saline and curate/a-BTX treated embryos, together with the 
pooled data on healthy neurones from the electrically stimulated 
embryos. It can be seen that both stimulation periods (stages 
31-33 and 34-35) fall within the time span of massive naturally 
occurring cell death. 

Because no differences were found in the number of either 
healthy or pyknotic motoneurones between the right and left 
LMC of both the saline and curare/a-BTX centrol (sham) 
embryos, the data from the two sides were pooled for all 
subsequent comparisons with the experimental, stimulated 
embryos. In all comparisons between the contrcl and experi- 
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mental embryos, or between the stimulated and unstimulated 
side of the experimental embryos, there were always fewer 
healthy motoneurones in the right (stimulated) LMC of the 
experimental cases (Fig. 2a). In most of the comparisons these 
differences were statistically significant, although in the case of 
the stage 31-33 saline-treated group there were too few surviv- 
ing embryos for a statistical comparison. However, when the. 
data from all experimental embryos are pooled (saline + curare) 
the differences are statistically significant both at stages 31-33 
and 34-35 (P <0.01, Fig. 2a). In both groups there was a ~20% 
reduction in the number of neurones in the right (stimulated) 
LMC of the experimental embryos. 

Comparison of the number of pyknotic cells in the LMC of 
control and experimental cases, or between the two sides of the 
spinal cord in the experimental cases showed that most of the 
differences were statistically significant. When the two sides of 
the spinal cord of the pooled experimental cases (saline + curare) 
were compared statistically, the differences were found to be 
highly significant (P< 0.01, Fig. 2b). At both stages there were 
approximately twice as many degenerating cells in the stimu- 
lated (right) LMC. 

The possibility that prolonged electrical stimulation may 
somehow be lethal to developing neurones and that the effect 
observed is a pathological phenomenon unrelated to the 
mechanisms that normally regulate natural cell death seems 
unlikely for two reasons. First, it has been reported that even 
more polonged periods of electrical stimulation of the chick 
embryo wing, after the normal period of extensive loss of 
brachial motoneurones’, does not induce cell loss®. Second, the 
DRG cells, which are also undergoing natural cell death during 
the stages examined in these experiments’, were unaffected by 
the electrical stimulation (Fig. 2b). 

An additional procedural consideration concerns the rate 
and pattern of stimulation used here. The rate of stimulation 
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Fig. 2 The number of ‘healthy’ motoneurones (mean +s.d.) (a) 
and of dying (pyknotic) motor and sensory neurones (mean +s.d.) 
(b) in the lumbar LMC following electrical stimulation of the right 
hindlimb at stages 31-33 or 34-35. SC, saline control; SE, saline 
experimental (stimulated or right) LMC; SU, saline unstimulated 
(left) LMC; CC, curare/a-BTX control: CE, curare/a-BTX 
experimental (stimulated or right) LMC; CU, curare/a-BTX 
unstimulated (left) LMC. CE & SE and CU & SU represent pooled 
data from the saline plus the curare/a-BTX treated embryos. * 
P<0.05; %, P<0.01, Mann-Whitney tests, one-tailed. All statis- 
tical comparisons are relative to the experimental (stimulated) 
group, SE or CE. Sample size is as indicated in the bars. 
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(0.5~1.0s”") was considerably higher than the normal rates of 
limb motility at these ages, which is between 6 and 12 per min 
(ref. 2). Although we chose a high rate of stimulation to increase 
our chances of finding an effect, we cannot rule out the possibil- 
ity that the results reflect non-physiological conditions. 
However, in adult mammals a wide variety of stimulus rates and 
patterns are effective in maintaining the normal properties of 
denervated muscle’. We are now attempting to determine the 
effects of differing rates and patterns of stimulation on 
motoneurone death in the chick embryo. 

We have suggested a model for explaining the role of activity 
in the regulation of neuronal cell death'*"°. Briefly, we pro- 
posed that during embryonic development, synaptic and/or 
muscle activity regulates those events which lead to a reduction 
in the availability of a trophic substance and/or in the level of 
AChR in muscle. This reduction would limit the number of 
synaptic sites that can be formed on a muscle cell, leading, in 
turn, to competition between neurones for a relatively fixed 
number of synaptic sites (and/or for a limited supply of trophic 
substance), in which competition the losers undergo cell 
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death. We suggest that neuromuscular blockade suppresses 
and electrical stimulation enhances this series of normal 
events. 

Although many questions remain unanswered concerning the 
specific cellular and molecular events by which neuromuscular 
interactions regulate the number of motoneurones that survive 
the cell death period, the present findings provide additional 
support for our contention that synaptic and/or muscular 
activity is involved. In view of the increasing evidence that many 
other properties of the neuromuscular system depend on phy- 
sidlogical activity for their normal differentiation and main- 
tenancet™**, it is perhaps not surprising that motoneurone cell 
death should now be added to this list. 

This work was supported by NSF grant BNS 40397, by a grant 
from the Amyotrophic Lateral Sclerosis Society (ALS) and by 
funds provided by the North Carolina Department of Mental 
Health. Part of this work was done during the tenure of a 
Muscular Dystrophy Association Fellowship to R.N. We thank 
R. Jones for technical assistance, and Lanny Haverkamp and 
Jerome Maderdrut for their helpful comments. 


9, Lomo, T, & Westgaard, R. H. J. Physiol, Lond. 252, 603-626 (1975). 

0. Oppenheim. R. W. in Studies in Developmental Neurobiology: Essays in Honor of Viktor 
Hamburger (ed. Cowan, W. M.) 74-133 (Oxford, New York, 1981). 

11. Brown, M. C., Holland, R, L, & Hopkins, W, G. A. Rev. Neurosci. 4, 17-42 (1981). 

12. Dennis, M. J. A. Rev, Neurosci. 4, 43-68 (1981). 

13. Fambrough, D, M. Physiol. Rev. 89, 165-227 (1979). 

14, Lomo, T. Trends Neurosci, 3, 126-129 (1980), 

13. Pestronk, A, Drachman, D. B., Stanley, E. F., Price, D. L. & Griffin, 3. W, Expi Neurol. 70, 

690-694 (1980). 


SEERE ETTE TEE ETES 





Significance of the potassium 
signal from neurones to glial cells 
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Neurones transmit signals to glial cells by releasing potassium 
into the intercellular spaces during nerve activity, simul- 
taneously depolarizing their membrane potential’. It is thought 
that the glial cells may respond metabolically or trophically to 
the released K, and that they may also take up excess K, thereby 
protecting the neurones against perturbations in the extracel- 
lular concentration of this ion°™°, We have studied metabolic 
interactions between the two cell types in leech and snail ganglia 
using a recently discovered application*~ of the radioactively 
labelled 2-deoxyglucose (2-DG) technique’. This approach 
derives from the finding that “H-2-DG is partially and selec- 
tively metabolized into glycogen within nervous tissue, and thus 
can be used as a sensitive, specific marker for mapping sites of 
glycogen synthesis and distribution in nervous tissue*”. In the 
leech and snail ganglia, the large size of the neuronal perikarya, 
together with the grouping of the glial cells around them and the 
location of the axonal and dendritic processes in the core of the 
ganglia, allows the distributions of the labelled glycogen in the 
different cell types and their processes to be resolved by light and 
electron microscope autoradiography’. Here we describe how 
in both animals, antidromic stimulation of nerves entering the 
ganglia increased the incorporation of *H-2-DG into glycogen 
in glial cells surrounding the activated neurones. Increased 
extracellular K had a similar effect, which was maximal for a K 
concentration ~4 mM above normal. We therefore conclude 
that neuronal activation causes a K-mediated increase in *H-2- 
DG uptake and synthesis into glycogen by the satellite glial cells. 

In the technique used, incorporation of *H-2-DG into 2- 
deoxyglycogen proceeds analogously to the glucosyl transfer 
from uridine diphosphate glucose (UDPG) into glycogen; the 
enzymes for glycogen synthesis are relatively nonspecific to the 
presence or absence of the hydroxyl group at C-2 of the glucose 
unit. The labelled 2-deoxyglycogen is able to withstand 
autoradiographic processing with aqueous media, whereas 
unmetabolized 2-DG and 2-DG-6-PO, are washed out. The 
resulting autoradiographs show the distribution of 2-DG 


incorporated into glycogen, which corresponds to the amounts 
of endogenous glycogen. l 

Isolated abdominal ganglia of the leech, Haemopis 
sanguisuga, and buccal ganglia of the snail, Planerbis corneus, 
were immersed in appropriate salines”'® containing 5-10 pM 
2-deoxy-D[1-*H]glucose (15.0Cimmol™'; Radiochemical 
Centre, Amersham) and incubated at room temperature for 
5-60 min. The effects of increased nerve activity were studied by 
stimulating nerves from the ganglia with suction electrodes, 
using pulses of 2.5-5.0 ms duration, 1-10 V at 5 Hz for between 
10 min and 1h. The uptake and metabolism of 2-DG in the 
presence of increased extracellular K were measured by 
incubating ganglia in saline solutions containing additions of 
4mM and 15mM K at room temperature for 15 min to Lh. 
Following the load periods with “H-2-DG, all experimental 
tissues were analysed by three procedures. First, the levels of 
radioactivity in the ganglia were measured by liquid scintillation 


. counting. Second, the amounts of *H-2-DG incorporated into 


glycogen were assessed by the method of Mordoh et ai.'' (this 
method extracts high molecular weight glycogen in a pure form; 
the glycogen is not degraded and loss of label is minimized). 
Third, the distributions of labelled glycogen in the ganglia were 
determined by light and electron microscope autoradiography 
of tissues fixed with aldehyde and processed with aqueous media 
for histology’. 

During 15-60 min exposure to *H-2-DG, the ganglia of 
Haemopis and Planorbis progressively accumulated >H-2-DG 
at a rate of 0.13 and 0.16 nmol per g nervous tissue per min 
respectively. After 1 h, 4-5% of the *H-2-DG was recovered in 
the high molecular weight glycogen fraction from Haemopis, 
and ~1% in the fraction from Planorbis (Fig. 1b). The 
autoradiographic pattern of glycogen labelling observed by light 
microscopy differed in the two species. In Haemopis, small areas 
of radioactivity were located in a narrow band of the peripheral 
cytoplasm of most neuronal perikarya, often in clumps of 
1.5 um diameter (Fig. 2a); axonal and dendritic processes were 
unlabelled. The giant glial cells”? surrounding the perikarya 
were labelled. In Planorbis, groups of neurones were selectively 
and heavily labelled after 1 h exposure to °H-2-DG (Fig. 2c). 
Serial section analysis revealed that the radioactivity was dis- 
tributed evenly throughout the axonal and dendritic processes. 
The glial ceils surrounding the neurones were not labelled or 
only weakly. Electron microscope autoradiography showed that 
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Fig. 1 Stimulation of *H-2-DG uptake (a) and incorporation into high 
molecular weight glycogen (4) in abdominal ganglia of Haemopis and buccal 
ganglia of Planorbis. Each set of histograms shows results for normal saline K 
concentrations, n (4.0 mM for Haemopis; 1.3 mM for Planorbis), and for 
salines containing additional 4.0 mM and 15.0 mM K, added in the form of 
sulphate ions. Results are the means of three experiments in each case; bars 
indicate s.e. a, The ganglia were rinsed in saline (1 min) after the load period, 
homogenized in a tissue solubilizer (NCS; Radiochemical Centre, Amer- 
sham) and counted by liquid scintillation. All counts were corrected against 
blank controls (ganglia processed in parallel but without exposure to 
radioactive tracer) and for quenching (generally <1% using NCS solubilizer) 
by conventional methodology. The uptake of radioactivity by a unit weight 
of ganglia is expressed (in c.p.m.) relative to the uptake by Haemopis ganglia 
in normal saline (unity). b, After the load period, high molecular weight 
undegraded glycogen was separated by a method similar to that described 
elsewhere''. Ganglia were homogenized in ~3 vol 3% HgCl, and centri- 
fuged at 2,000g for 5 min. The supernatant was added to ~2 vol of 95% 
ethanol, and the resulting precipitate separated by centrifugation (2,000g 
for 5 min). The precipitate was redissolved in water (0.5 ml) and the solution 
centrifuged again. The resulting supernatant was mixed with 2 vol of 
ethanol, and the sample was centrifuged at 2,000g for 10 min. The final 
sediment (the high molecular weight glycogen) was dissolved in NCS solu- 
bilizer and the radioactivity measured by liquid scintillation counting. 
Counts are expressed as percentages of the total radioactivity recovered in 
all the fractions. The lower molecular weight glycogen is not readily extrac- 
ted by this procedure, thus the total percentages of labelled glycogen are 
likely to be higher. 


the differences in labelling patterns were correlated directly with 
differences in the distribution of glycogen in the two species*. In 
Haemopis, aggregates of glycogen particles were frequently 
contained within glial processes extending into the neuronal 
somata (Fig. 3). 

Stimulation of nerves (1 h at 5 Hz) entering the ganglia of both 
species resulted in an approximate fivefold increase in accumu- 
lated radioactivity as measured by liquid scintillation. However, 
the incorporation of *H-2-DG into glycogen was not propor- 
tional to this increase; the levels of labelled high molecular 
weight glycogen extracted from the tissues were increased 2.3- 
3.2 times (Haemopis, mean increase = 3.2 + 1.4, 4 experiments; 
Planorbis, mean increase = 2.3+ 1.1, 4 experiments). When the 
distribution of labelled glycogen was studied by light microscope 
autoradiography, it was found that the labelling of the neurones, 
particularly their perikarya, was increased in both species, but a 
striking feature was the increased grain density in the glial cells 
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surrounding the perikarya (Fig. 2b, d). Thus neuronal activation 
caused an increase in uptake of *H-2-DG by the nervous tissues, 
and to a lesser extent its incorporation into high molecular 
weight glycogen. As the neurones were stimulated via nerves 
outside the ganglia, the increased levels of glycogen in the glial 
cells inside the ganglia resulted indirectly from the neuronal 
activation. 

There is evidence that extracellular [K] may normally be 
increased by 4mM during maintained nerve activity in leech 
abdominal ganglia‘*, and by 4-8 mM in the cat cortex’*. Higher 
experimental levels of extracellular K produce increased 
depolarization of glial cells, but it is unlikely that such levels are 
of normal physiological significance’. The role of K in mediating 
the activity-induced increase in *“H-2-DG uptake and 
incorporation into glycogen was investigated by incubating 
ganglia in saline containing *H-2-DG with elevated K levels and 
measuring the uptake of radioactivity and its conversion to 
glycogen. Other ganglia incubated in parallel were processed for 
autoradiography. Exposure of Haemopis ganglia to a wide range 
of extracellular [K] from the normal level (4.0 mM) to 40 mM in 
1 mM increments for 1 h revealed a maximal increase in “H-2- 
DG uptake (about five times) when the increase was 3-5 mM 
(Fig. 1a). Higher values of extracellular K gave lower increases 
in 2-DG uptake, which varied between 1.5 and 2.2 times, 
although increases of up to four times were occasionally ob- 





Fig. 2 Distribution of labelled glycogen in the abdominal ganglion of 
Haemopis (a, b) and the buccal ganglion of Planorbis (c, d). The ganglia 
were exposed to ‘H-2-DG for 1h, then processed by aldehyde fixation, 
water-ethanol dehydration and wax sectioning*. The autoradiographs were 
prepared by coating the sections with Kodak AR 10, storing for 2 weeks, and 
then developing in Kodak D-19. a, Top: the labelled glial cells surround the 
neuronal perikarya which are located in the cortex of the ganglion. The core 
of the ganglia (C) contains large numbers of axonal and dendritic processes, 
but few glial cell processes’; bottom: at higher magnification grain clumps 
can be distinguished in the peripheral somatoplasm of some neurones 
(arrows). Many of these correspond to the glial invaginations visualized by 
electron microscope autoradiography (Fig. 3). b, Section of a ganglion 
stimulated antidromically via the abdominal connective at 5 Hz for 1 hin the 
presence of *H-2-DG. Note the heavy labelling of the glial cells. c, Labelled 
neurones in a buccal ganglion of Planorbis: top, a group of labelled neurones 
which project into the neuropile of the ganglion; bottom, a large neurone cut 
in section to illustrate the equal distribution of labelled glycogen in the 
peripheral cytoplasm of the cell body and its axon. The branching patterns of 
the main axonal processess of the labelled neurones were mapped by 
comparison with adjacent serial sections. d, Section of buccal ganglion 
stimulated antidromically via the cerebro-buccal connective at 5 Hz for 1 h. 
Note the intense labelling of the glial cells which surround the neuronal 
perikarya, and increased labelling of the neurones. In both species the 
ganglia are avascular, but there are no restrictive barriers to the access of 
small molecules’. All magnifications, x 100, except for a, bottom (x320) and 
c, bottom (x175). 
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Fig. 3 Electron microscope autoradiograph of a section of the 
cortex of Haemopis abdominal ganglion, After exposure to *H-2- 
DG the tissue was preserved by fixation in glutaraldehyde and 
Osmium solutions, and processed by aqueous histological 
methods”. Labelled glycogen deposits are located in the processes 
of a giant glial cell (bottom) adjacent to a neurone (top). Glycogen- 
filled glial processes invaginate the neurone (26,000). 


served at 25 mM. Similar findings were obtained for Planorbis. K 
concentrations of 4 and 15 mM above the normal saline values 
were used to study the effects of *H-2-DG incorporation into 
glycogen (Fig. 1b). The percentage of label extracted in the high 
molecular weight glycogen was increased 2.5-fold for Haemopis, 
and 3-fold for Planorbis at 4mM K, and to a lesser extent at 
15 mM K. Autoradiographic analysis showed that 4 mM K (1h 
exposure) produced labelling of glial cells that was comparable 
to the effects of electrical stimulation. A concentration of 
15 mM caused some increase in the grain density overlying the 
glial cells, and also over the neurones. Extracellular recording 
experiments showed that the 4 mM increase in [K] caused no 
Significant increases in the electrical activity of neurones in 
either species. Activity was initially greatly enhanced, but not 
maintained, at [K] >12 mM. 

These results provide direct evidence that increased neuronal 
activity causes a significant potassium-mediated increase in 
*H-2-DG uptake and incorporation into glycogen by the satel- 
lite glial cells. The similarity of the findings in both leech and 
snail ganglia indicate that this may be a general neurone-glial 
property. Both electrical stimulation and increased extracellular 
[K] increased the amounts of *H-glucose incorporated into 
glycogen in leech and snail ganglia (our unpublished obser- 


vations), however the sites could not be resolved accurately by 
autoradiography as the label was also extensively incorporated 
into proteins and lipids. 

The enzyme systems that synthesize and catabolize glycogen 
in mammalian brain are the same as those in other tissues'*"", 
although they appear to differ in certain kinetic properties and 
modes of regulation’. It is evident that glycogen metabolism 
within the central nervous system must be controlled locally, 
because circulating hormones cannot pass the blood-brain bar- 
rier. There are no data on possible modulatory roles of K or 
K-induced depolarization on glycogen metabolism in nervous 
tissue. However, the selective stimulatory effects of K on gly- 
cogen formation in liver are well established ‘’'*. Glial cell 
membranes are selectively permeable to K' and the K-mediated 
promotion of glycogen synthesis in glial cells caused by localized 
neuronal activity could provide a significant mechanism for 
ensuring continued energy supplies during any subsequent 
intense activity if local blood-glucose levels fell or were 
inadequate. 

This work was supported by the SERC. 
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Substance P is an undecapeptide which may be involved in 
transmission of nociceptive information at synapses of primary 
sensory neurones'’. It occurs in 10-20% of rat dorsal root 
ganglion neurones’*. Small substance P-immunoreactive (SP- 
IR) axons from dorsal root ganglia enter the spinal cord and 
form a dense terminal network in the substantia gelatinosa of the 
rat dorsal horn’; analogous fibres from the trigeminal ganglion 
terminate in the substantia gelatinosa of the spinal trigeminal 
tract of the medulla oblongata**, while sensory axons travelling 
via the petrosal and nodose ganglia terminate in the tractus 
solitarius of the medulla**. Substance P is also present in human 
spinal cord and pallido-nigral system’"*. In addition to 
sympathetic and parasympathetic abnormalities, patients with 
familial dysautonomia (the Riley-Day syndrome) have severe 
diminution of temperature and pain sensitivity, reduced popula- 
tions of primary sensory neurones and small Lissauer’s tracts**. 
It was thus postulated that a diminution of primary substance P 
axons might be demonstrable using immunocytochemistry. We 
report here the presence of anatomically discrete depletion of 
substance P immunoreactivity in the substantia gelatinosa of 
spinal cord and medulla of patients with familial dysautonomia. 
The results are consistent with the hypothesis that substance P 
is involved in the transmission of impulses related to pain. 
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Fig. 1 The substantia gelatinosa of the control spinal cord (a) 
contains multiple substance P-immunoreactive (SP-IR) axons and 
their terminals, which form a distinct cap over the dorsal grey horn; 
no such cap is visible in the familial dysautonomia patient's spinal 
cord (b). The substantia nigra of both the control (c) and the patient 
(d) contain similar amounts of SP-IR fibres. Scale bars, 100 um. 


The present studies used a well characterized monoclonal 
antibody (NCI/34HL) to substance P'*. Thus, it does not cross- 
react with any other known mammalian neuroactive peptide, 
stains substance P in brain regions shown to contain the peptide 
by bioassay, and stains the peptide which accumulates proximal 
to peripheral nerve ligatures and which can be independently 
identified on Sephadex columns’. The antibody was used with 
the peroxidase—antiperoxidase (PAP) technique of Stern- 
berger'*. Staining controls included normal serum and antibody 
adsorbed with substance P, neither of which gave any positive 
reaction. Test tissues used were from five patients aged 14, 15, 
17, 18 and 22 yr, diagnosed as having Riley-Day syndrome at 
the Dysautonomia Treatment and Evaluation Center of New 
York University Medical Center. The diagnosis was confirmed 
at autopsy by a characteristic combination of defects in the 
tongue, sympathetic ganglia and dorsal root ganglia. Spinal cord 
and brain stem sections were made from archival blocks of 
paraffin-embedded tissue which had been fixed in 10% 
formalin. Storage times for patient and control tissues were 
similar. 

In contrast to the controls, which showed large concentrations 
of SP-IR terminals in the substantia gelatinosa of spinal cord and 
medulla oblongata (Fig. 1a), there was almost complete absence 
of such terminals from these regions in all patients with familial 
dysautonomia (Fig. 14). Some of the few remaining SP-IR axons 
observed may have been derived from the brain stem, as studies 
in other species'* have shown the presence of SP-IR axons in 
this region. Patients did not differ from controls in the density of 
SP-IR axons in the substantia nigra (Fig. 1c,d). Immunoreactive 
axons were also readily demonstrable in the tractus solitarius of 
patients. It is not possible to obtain good staining of the small 
quantities of substance P normally present in the perikarya of 
primary sensory neurones of monkey or man, and colchicine 
pretreatment is necessary to cause sufficient accumulation of the 
peptide in most lower animals. We were therefore unable to 
demonstrate directly depletion of primary sensory substance P- 
containing neurones in the patients. Nevertheless, we have 
previously demonstrated severe losses of sensory axons, es- 
pecially those of small diameter, in familial dysautonomia and 
have shown that severe deficits of dorsal root ganglion neurones 
occur in young patients’. Depletion of spinal dorsal horn 
neurones has not been demonstrated, and the fact that spinal 
dorsal column fibres only diminish as sensory neuronal loss 
continues into adulthood'* indicates that initial deficits are 
mainly among neurones projecting onto the substantia gela- 
tinosa and other parts of the dorsal grey. Small-calibre sensory 
axons projecting onto the substantia gelatinosa and containing 
substance P have been suggested as being involved in processing 
of pain-related impulses'”. The coincidence of analgesia, loss of 
sensory neurones and small diameter axons projecting onto the 
substantia gelatinosa, and severe diminution of dorsal horn 
substance P immunoreactivity in familial dysautonomia support 
this idea. However, it does not prove the case because other 
sensory modalities, notably those related to temperature, are 
also attenuated in familial dysautonomia; other putative neuro- 
transmitters yet to be examined may be found to be decreased in 
the disease. 

The persistence of some substance P in axons of the tractus 
solitarius might be attributed to sources within the central 
nervous system. Alternatively, there might be less sensory 
neuronal loss in cranial ganglia, some of which are of placodal 
origin, than in dorsal root ganglia, which are of neural crest 
origin. No formal neuronal counts have been made of patients’ 
cranial ganglia. 

Although immunocytochemistry cannot definitively demon- 
strate the absence of an antigen, there is no doubt that the 
amount of substantia gelatinosa axon substance P in the patients 
was far below normal. That this was not an artefact of autolysis is 
indicated by comparison with controls in which the postmortem 
intervals were generally longer than those of the patients but in 
which substantia gelatinosa SP-IR axons were readily demon- 
strable. Furthermore, substance P has been demonstrated to 
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have excellent postmortem stability'*'*'’. Finally, the ready 
detection of SP-IR axons in the tractus solitarius and substantia 
nigra of the patients provides excellent internal contro! both of 
Staining efficacy and postmortem preservation of the peptide. 
The fact that SP-IR is normal in these structures indicates that 
familial dysautonomia does not involve a generalized defect in 
substance P synthesis. 

Our data indicate a need for prospective studies of substance 
P levels in fresh wet tissue from patients. They also demonstrate 
the usefulness of immunocytochemistry in the microscopic study 
of human neurobiology and in the detection of deficits in 
chemically defined neurones in human disease. 

This work was supported by the Dysautonomia Foundation 
(to J.P., L.B.) and the MRC, Wellcome Trust and the Roval 
Society (to A.C.C.). 
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Chondrocytes in the fetal skull and visceral cartilage are consi- 
dered to be of neural crest origin’ while those found elsewhere in 
the body are thought to be derived from mesoderm” 
(mesodermal chondrocytes). Chondrocytes of pelvic rudiments 
from chick embryos are the only cells known to respond to nerve 
growth factor that are not of neuroectodermal origin’. In addi- 
tion, embryonic spinal cord and neural retina% of chickens 
synthesize type II collagen*’, originally thought to be confined 
to cartilage. Here we report the presence of the S-100 protein 
(S-100) in chondrocytes of skull, vertebrae, ribs, sternum, 
larynx and long bones of the human fetus, and larynx and 
xiphoid process of the human adult. Mesodermal chondrocytes 
are the only cells which contain S-100 and yet are not considered 
to be of neuroectodermal origin, thus our results indicate that 
these chondrocytes may be developmentally closer to neuroec- 
toderm than traditionally thought. 

S-100, an acidic protein which has been isolated from the 
central nervous system (CNS) of mammals, has a molecular 
weight (M,) of 21,000-24,000 (refs 7-9) and exists in both 
membrane-bound and soluble forms'”. It has been shown to 
increase activity of RNA polymerase in nuclei isolated from 
brains of immature chickens’’. S-100 facilitates passage of 
y-aminobutyric acid across nerve-cell membranes’? and 
undergoes orthodromic axonal transport’*. In the CNS the 
concentration of S-100 is low at birth, increasing with age’’*. 

S-100 has been detected by immunological methods in all 
vertebrates examined”. In the CNS, it is located primarily within 
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Fig. 1 Serial paraffin sections from the xiphoid process of human 

adult: a, haematoxylin and eosin stain (x90); b, immunoperoxidase 

reaction for S-100 protein, without counterstain (x90). Reaction 

product is present only within chondrocytes; the extracellular 

matrix of the cartilage and the surrounding fibrous connective 
tissue are unstained, c, Same section as b (x500). 


astrocytes and oligodendrocytes'*"'’. Some investigators have 
also demonstrated S-100 in CNS neurones and in isolated 
synaptosomes’. Outside the CNS, S-100 has so far been 
demonstrated only in Schwann cells of peripheral nerve and in 
satellite cells of dorsal root and autonomic ganglia’’. 

While looking for S-100 in the fetal nervous system we 
discovered that the protein is present in chondrocytes of the 
vertebral column and decided to determine its distribution using 
anti-S-100 antiserum and the peroxidase—antiperoxidase 
method described elsewhere**. Rabbit anti-S-100 antiserum 
was raised by five or more intradermal injections of bovine 
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a, Haematoxylin—eosin stain of a rib and adjacent intercostal nerve 

(arrow), x100. b, Immunoperoxidase reaction for S-100 protein, 

x100. Reaction product is present in chondrocytes of rib and 

Schwann cells of intercostal nerve. The adjacent fibrous connective 
tissue and skeletal muscle are unstained. 


S-100 (isolated as described previously’’*), mixed with 


complete Freund’s adjuvant. As control sera we used anti-S-100 
antiserum absorbed with S-100 until it no longer reacted with 
human brain, and serum from a rabbit which had been 
immunized with complete Freund's adjuvant alone. The anti-S- 
100 antiserum and the control sera were used at dilutions 
containing the same concentration of immunoglobulins. Tissues 
studied were from human fetuses of various ages and included 
cranium, larynx, trachea, vertebrae, ribs and lower and upper 
extremities. Xiphoid processes and laryngeal cartilage of adults 
were also examined. All tissues were fixed in formalin, embed- 
ded in paraffin and cut into 6-um sections. 

Chrondrocytes in all tissues examined were stained with 
anti-S-100 antiserum. Staining was both cytoplasmic and 
nuclear; the extracellular matrix was unstained. Control sera did 
not stain any of the tissues (Figs 1, 2). 

Chondrocytes which form the fetal skull as well as the visceral 
cartilage are said to be of neural crest origin’ and those found 
elsewhere are considered to be derived from mesoderm*”, 
Nevertheless, it is accepted that tissues of neuroectodermal 
origin can exert a considerable influence on differentiation of 
mesodermal chondrocytes’. Extirpation of the neural tube from 
chick embryos inhibits formation of axial cartilage, and grafting 
of spinal cord with or without notochord and neural crest into 
any region of the somite of tail-bud embryos results in formation 
of a complete secondary vertebral column”. The standard 
interpretation of these phenomena has been that the spinal cord 
induces formation of cartilage in the somites’. 

Type II collagen was originally thought to be unique to 
cartilage but recently it has been demonstrated that neural 


retina® and probably spinal cord’ of chick embryos also produce 
type II collagen. In addition, nerve growth factor inhibits chon- 
dromucoprotein synthesis by cartilage of pelvic rudiments from 
chick embryos*. Mesodermal chondrocytes are the only cells 
known to respond to nerve growth factor but not thought to be 
of neuroectodermal origin. 

We have shown that S-100 is present in both mesodermal and 
neural crest chondrocytes of man. The presence of S-100 in 
chondrocytes of skull, larynx and trachea is perhaps not 
unexpected, but the fact that we have found S-100 in chon- 
drocytes of vertebrae, ribs, xiphoid processes and extremities 
suggests that mesodermal chondrocytes may be developmen- 
tally closer to neuroectoderm than was previously believed. 

Note added in proof: The S-100 protein has recently also been 
identified in melanocytes and Langerhans cells of normal human 
skin by D. Cocchia, F. Michetti and R. Donato (Nature 294, 
85-87 (1981)). 
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A very small porcine virus 
with circular single-stranded DNA 


I. Tischer, H. Gelderblom, W. Vettermann 
& M. A. Koch 


Robert Koch-Institute of the Federal Health Office, Nordufer 20, 
1000 Berlin 65, FRG 


It was reported previously that cultures of the porcine PK-15 
cell line (ATCC-CCL31) were chronically infected with a small 
virus, supposedly containing RNA'. No gross cytopathic effect 
was seen in these cultures. During the search for an in vitro 
model of persistent virus infections the agent was studied in 
more detail. These studies showed the virus to have a diameter 
of 17 nm, and to contain a covalently closed circular single- 
stranded DNA with a molecular weight of 0.58 x 10° and a main 
capsid polypeptide with a molecular weight of 36,000. Of the 
animals tested, only pigs were found to have antibodies. On the 
basis of these properties the virus appears to be a member of a 
family of animal viruses so far not encountered. We have named 
the virus porcine circovirus (PCV). 

The virus was obtained from PK-15 cells. It can be propagated 
in selected PK-15 clones which are free of porcine parvovirus, 
porcine papovavirus, mycoplasmas and of PCV. Virus was 
concentrated by ultracentrifugation of Freon-treated cells and 
supernatants and then purified by two cycles of CsCl-gradient 
centrifugation. Sucrose gradient centrifugation yielded a sedi- 
mentation coefficient for the virion of 52S. On isopycnic centri- 
fugation in CsCl virus particles banded exclusively at a density of 
1.37 gcm *. Electron micrographs (Fig. 1) confirmed that the 
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Fig. 1 Electron micrograph of purified PCV particles negatively 
stained with 1% aqueous uranyl acetate. Scale bar, 100 nm. 


virus is an isometric particle with a diameter of 17+ 1.3 nm. No 
stain-filled particles were observed. 

Purified *H-leucine-labelled virus was disrupted at 100 °C for 
1 min with SDS (1%) and mercaptoethanol and the protein 
moiety was analysed by polyacrylamide gel electrophoresis’. 
Only a single band containing radioactivity was found. Its 
position corresponded to that of a polypeptide of molecular 
weight 36,000 + 2,300, using bovine serum albumin, ovalbumin 
and chymotrypsinogen as references. 

For isolation and characterization of the nucleic acid, 
[Me-*H]thymidine-labelled virus was lysed with SDS (0.5%) 
and sodium N-lauroyl sarcosinate (1%) for 15 min at room 
temperature, followed by a digestion with proteinase K 
(500 ug ml‘) for 4h at 37°C. Nucleic acid was purified by 
centrifugation in a neutral sucrose gradient (5-20% wt/wt; 
rotor SW 40; 33,000 r.p.m.: 7.5 h; 20°C), and by precipitation 
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Fig. 2 Sedimentation profiles of [Me-*H]thymidine-labelled 
native, heated and alkali treated PCV DNA in sucrose gradients 
(5-20% wt/wt). a, Native DNA; b, heated DNA (10 min; 100°C) 
c, alkali treated (0.1 M NaOH; 5 min; 22°C) and subsequently 
neutralized (with 0.1 M HCl) DNA in neutral gradients (1 M NaCl; 
0.01 M Tris; 0.001 M EDTA; pH 7.2); d, alkali-treated DNA in an 
alkaline gradient (0.9 M NaCl; 0.1 M NaOH; 0.001 M EDTA; pH 
12.7). Beckman rotor SW 40; 33,000 r.p.m.; 7.5h; 20°C. The 
sedimentation coefficients of PCV DNA were determined on the 
basis of the sedimentation of the markers (RNA) in the neutral 
gradient. For comparison virion fd-DNA was included. 
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with two parts of ice cold ethanol containing 0.4 M lithium 
chloride. The pellet was washed with 75% ethanol and then 
resuspended in 0.1*SSC. The incorporation of °H via 
[Me-*H]thymidine, the buoyant densities and the alkali stability 
demonstrated that the nucleic acid of PCV is DNA. The buoyant 
densities were found to be 1.718 g cm ~* in CsCl using adeno 2 
'*C-DNA (1.715 g cm`™°) and DNA from Micrococcus lysodeik - 
ticus (1.731 gcm™°) as markers, and in Cs,SO, to be 
1.45 gcm™’. Purified tritium-labelled PCV DNA was kept in 
0.3 M NaOH for 20 h at room temperature’*. The radioactivity 
in trichloroacetic acid precipitates of treated and untreated 
nucleic acids was then assayed. While an untreated control 
yielded of the order of 5,500c.p.m. the treated sample 
contained 5,750 c.p.m. The efficacy of this treatment on RNA 
was tested using 16S and 23S ribosomal RNA. 

In transfection experiments* native PCV DNA purified as 
above was shown to be infective (~0.04 ug PCV DNA per 
1.5 10° cells). This infectivity was abolished completely by 
DNase 1—that is, using DNase-treated PCV DNA for trans- 
fection, cells producing virus, as revealed by staining with 
fluorescein-labelled specific antibodies, were not detectable 
even after two passages of the cells. In control experiments with 
untreated PCV DNA, more than 1,000 specifically stained cells 
per 1.5-cm diameter coverslips with about 2.5 x 10° cells were 
seen. 

The sedimentation behaviour of native PCV DNA and of 
heat- or alkali-treated PCV DNA in neutral sucrose gradients as 
well as in alkaline gradients (Fig. 2) revealed that the DNA is 
single stranded*. The degradation of PCV DNA by the single- 
strand-specific nuclease S, confirmed this conclusion (Fig. 3). 
The sedimentation coefficient of PCV DNA determined in 1 M 
NaCl at pH 7.2 was 12.7S, and about 9S at pH 12.7. In 1.5% 
agarose gels the PCV DNA migrated about 2.3 times further 
than ®X174 virion DNA. 

When PCV DNA was examined by electron microscopy more 
than 85% of the molecules seen were circular (Fig. 4). To 
determine the size of the circular DNA, contour length 
measurements were performed using ®X174-am-3 virion 
DNA*® as an internal marker. From the data for ®X174 
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Fig. 3 Degradation of PCV DNA by single-strand-specific 
nuclease S. PCV DNA was treated with nuclease S, (buffer: 0.1 M 
Na-acetate; 0.1 mM ZnSQ,; pH 4.5) in parallel with the double- 
stranded '*C-adeno 2-DNA and “H-Celo-DNA as well as with the 
single-stranded *H-DNA from porcine parvovirus (PPV) and 
denatured (95°C, 10 min) *H-Celo DNA. DNA was incubated 
with nuclease S, for 30 min at 37°C and DNA was precipitated 
with trichloroacetic acid at a final concentration of 5% in the 
presence of 100 ug carrier RNA. Degradation is expressed as the 
relative loss of acid-precipitable radioactivity by increasing 
amounts of enzyme. 
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Fig. 4 Electron micrograph of PCV DNA (top) and ®X174 

virion DNA (bottom). A mixture of both species was spread from a 

hyperphase (carbonate buffer pH 10, 0.01% cytochrome c, 40% 

formamide) at room temperature, The specimen was rotary 
shadowed with Pt/Pd. Scale bar, 1 um. 


(n = 198, 1.94+0.12 wm) and for PCV {n = 212, 0.633+0.05 
um) a genome size of 1.76 kilobases, corresponding to a 
molecular weight of 0.58 x 10°, was calculated for PCV. 

The sedimentation behaviour described above (Fig. 2) shows 
that the configuration of the molecule is unaffected by denatur- 
ing conditions, that is, after renaturation molecules of multiple 
unit length were never detected. This indicates that PCV DNA is 
a covalently closed circular molecule rather than a closed circle 
due to self-complementing cohesive ends. This interpretation is 
supported by the fact that no linearization of PCV DNA was 
detected when DNA was spread under heat denaturation. As 
internal controls HindII, HindIII restriction fragments of fd- 
DNA carrying the transposon TnS (ref. 7) were included. These 
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restriction fragments consist of DNA molecules which are 
circular due to self-complementary ends of 190 and 340 bases 
respectively which readily opened in the conditions used. 

Purified virus was used to raise specific antibodies in rabbits. 
Such antibodies aggregated PCV, neutralized infectivity and, 
using indirect immunofluorescence, detected virus producing 
cells. It was found that in chronically infected cultures only a 
small, but varying proportion of cells expressed virus antigens. 
PCV antisera did not inhibit agglutination of human red blood 
cells by porcine parvovirus. Attempts to demonstrate agglu- 
tination by PCV or RBC from man, rhesus monkey, pig, rabbit, 
guinea pig, mouse and chicken were unsuccessful. 

Most probably the agent has its origin in pigs. A serological 
survey showed that 20 out of 22 randomly collected pig sera 
contained specific antibodies. Sera from rabbits, mice, calves 
and man, including sera from laboratory staff working with the 
agent, were negative. The physicochemical properties of this 
agent set it apart from all known animal viruses“. Similarities 
exist only with several plant pathogens comprising the group of 
geminiviruses”'”. 
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and its restriction fragments. 
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The cardinal pathological feature of multiple sclerosis (MS) is 
the presence within brain and spinal cord of regions called 
plaques, from which myelin has been lost’. It has been proposed 
that autoimmunity may be involved in MS and that oligoden- 
drocytes, the cells responsible for the formation and main- 
tenance of central nervous system myelin, may provide a target 
for immune attack in this disease. The fact that oligodendrocytes 
are reduced in number in MS plaques’ is consistent with this 
hypothesis. MS is characterized by attacks and remissions. 
During attacks, a subset of T lymphocytes, known as T suppres- 
sor cells, is depleted from the circulation” *. The reason for this 
depletion is unknown, but the suppressor cells could be 
destroyed, sequestered, for example in brain, or modulated so 
that they are no longer detectable by the assays which enu- 
merate them or which measure their functional capacities. Were 
suppressor cells and oligodendrocytes to share a determinant 
relevant to MS, both cell types could be targets for immune- 
mediated killing by the same autoimmune response. Recently, 
monocional antibodies which recognize human monocytes, T 
lymphocytes and T-cell subsets have become available. We have 
tested cultured ovine oligodendrocytes with a battery of mono- 
clonal antibodies directed against human lymphocyte and 
monocyte antigens, seeking evidence for shared determinants, 
and present here data suggesting that shared determinants exist. 
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All antibody clones were produced by hybridization of spleen 
cells from mice sensitized to human T lymphocytes with P3 
mouse myeloma. Antibodies were generated by intraperitoneal 
passage of cloned hybrid cells in mice°. Oligodendrocytes were 
isolated from the white matter of 4-6-month-old lambs as 
described previously’*. Trypsin was used in the isolation pro- 
cedure. Cells were plated on glass chamber slides and main- 
tained in culture for up to 40 days (for details see Fig. 1 legend); 
medium was changed twice weekly. Cultured cells were 
identified as oligodendrocytes by ultrastructural, biochemical 
and immunological criteria’, Cultured oligodendrocytes were 
washed free of medium and pre-reacted with normal sheep 
serum (NSS) as a source of excess sheep IgG. All monoclonal 
antibodies were screened at a concentration of 5 wg IgG per ml, 
the cultures were washed, and binding of the monoclonal anti- 
bodies was assessed by adding goat anti-mouse IgG labelled 
with fluorescein isothiocyanate (FITC). 

As shown in Fig, 1, cultured oligodendrocytes pretreated with 
1:500 NSS, exposed to OKT8 and then to 1:10 goat anti-mouse 
IgG-FITC, gave distinct membrane-bound fluorescence with 
scattered irregular dots outlining the cell cytoplasm and proces- 
ses. This pattern of fluorescence resembles that seen when 
human suppressor lymphocytes are reacted with OKT8. A 
similar fluorescence pattern was obtained with OKT3 and 
OKM1. In contrast, OKT4, OKT5, OKT6, OKT10 or OKI 
showed no fluorescence. Control cultures incubated with goat 
anti-mouse IgG-FITC alone were negative, as was ascitic fluid 
(produced by injecting P3 mouse myeloma cells into mice), even 
at 2 mg ml‘ IgG. In dilution experiments, using the same 1:10 
dilution of goat anti-mouse FITC, OKT3 became negative at 
concentrations below 2.5 ug ml IgG, but OKT8 and OKM1 
remained positive at 1.25 pg mi~’ IgG. Table 1 gives the IgG 
subclasses of the monoclonal antibodies used, their specificities 
for human cell types. and summarizes the data on membrane- 
bound fluorescence. 

As immunoglobulins can bind nonspecifically to Fc receptors 
on cells or specifically through their Fab portion, it was possible 
that monoclonal antibody binding was occurring through the Fc 
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Table 1 Binding of monoclonal antibodies to ovine oligodendrocytes 
ss e 
Ovine oligodendrocyte 
binding at 5 ug mi | 


Monoclonal Human in the presence of 
antibody IgG class specificity 1:500 NSS 1:10 NSS 
OKT3* IgG2a_ = T/effector + — 
OKT4 IgG2b T/helper — — 
OKT5 IgG1 T/suppressor — ND 
OKT6t IgGl Thymocytes —- -— 
OKTS8?* IgG2a  T/suppressor +++ ++ 
OKM1* IgG2b Monocytes ++ — 
OKII IgG2a Anti-Ia — — 
OKT102 IgGl Anti-thymocyte — — 


E 

ND, not determined. 

* Commercially available from Ortho Laboratories at 25 ug ml | of 
mouse IgG. t Commercially available from Ortho Laboratories at 
50 ug ml ' of mouse IgG. + Ascitic fluid gift of Dr P. C. Kung obtained 
at 2 mg ml ‘ of mouse IgG. 


region, particularly as oligodendrocytes have been shown to 
bear Fc receptors'”''’. Sheep red blood cells (SRBC) coated with 
mouse anti-SRBC were shown to form rosettes with our oli- 
godendrocyte population. This Fc rosetting was totally inhibited 
by preincubating oligodendrocytes with a 1:10 dilution of NSS. 
Human lymphocytes to which the mouse monoclonal antibody 
OKT8 had been bound specifically also formed rosettes with 
oligodendrocytes (Fig. 2). This Fe receptor binding was also 
blocked by preincubating the oligodendrocytes with a 1:10 
dilution of NSS (Fig. 2). Direct binding of OKT3, OKT8 and 
OKM1 to oligodendrocytes was therefore re-evaluated follow- 
ing a preincubation of the oligodendrocytes in 1:10 NSS. OKT3 
and OKM1 binding was no longer seen, indicating that their 
binding might have occurred through Fc. Although Fe receptor 
binding is known to depend on IgG subclass when IgG and Fe 


a 


receptors are from the same species’, we found no correlation 








Fig.1 Oligodendrocytes isolated from lamb brain (as described in 
ref. 8) were cultured (in multiple-well glass slides) in Dulbecco's 
modified minimum essential medium (with 20% horse serum 
added) at 37°C in humidified air containing 5% CO,. After 2-3 
weeks in culture, the slides were washed three times with Ca’*- 
Mg’*-free Hanks’ balanced salt solution containing 1% bovine 
serum albumin, pH 7.4 (HBSS+1% BSA). They were incubated 
for 15 min with a 1: 500 dilution of heat-inactivated normal sheep 
serum in HBSS+1% BSA. The preincubation solution was then 
aspirated off and mixed with the monoclonal antibody OKT8 
(Ortho) up to a final concentration of 5 ug ml ' of mouse IgG. The 
mixture was added back to the cells and allowed to react for 30 min 
at 0 °C. After three washes with HBSS + 1% BSA, a1: 10 dilution 
of goat anti-mouse IgG-FITC was added for 30 min at 0°C. The 
goat anti-mouse IgG-FITC (Cappel) was diluted with one part 
heat-inactivated normal goat serum and eight parts HBSS + 1% 
BSA. Slides were then washed four times, fixed with 4% parafor- 
maldehyde in HBSS at 0°C, mounted and observed under a Leitz 
Ortholux II UV microscope. Pictures were taken with an Orthomat 
camera. 





Fig. Blocking effect of sheep serum on Fc binding of the 
monoclonal antibody OKT8. Human mononuclear cells were 
separated from peripheral blood by Ficoll-Hypaque flotation’*. T 
lymphocytes were then isolated by the nylon wool technique’. 
After washing, T cells were incubated at 4°C for 30 min with a 
5 ug ml ' solution of OKT8 in HBSS + 1% BSA and washed three 
times in the cold. 20% of the T lymphocytes were shown by 
immunofluorescence to have bound OKTS. T cells coated with 
OKT8 were then added to oligodendrocytes in culture. After 
centrifugation at 200g for 5 min, incubation for 30 min and gentle 
washing, cultures were observed for the presence of T cells bound 
to oligodendrocytes. In a, uncoated lymphocytes have been added 
and no binding is seen. In b, T cells precoated with OKT8 have 
been added to washed oligodendrocytes; the presence of free Fc 
receptor is shown by binding of the T cells to the oligodendrocytes. 
c, d Demonstrate reduced binding after preincubating oligoden- 
drocytes with 1:500 (c) and 1:50 (d) NSS. e Shows that a 1:10 
dilution of NSS in the preincubation step totally blocks binding to 
Fc receptors. 


between mouse IgG subclass and monoclonal antibody binding 
to ovine oligodendrocyte Fc receptor. This might be attributable 
to species differences, to the presence of aggregates in some of 
the OKT or to variability in the structure of the Fc regions of the 
monoclonal antibodies. 

After preincubation with 1:10 NSS, OKT8 binding was still 
evident by immunofluorescence (Fig. 3), again in a pattern 
reminiscent of that seen when human suppressor T cells are 
reacted with OKT8. Ultracentrifugation of OKT8 at 100,000g 
for 1 h, to remove aggregated IgG, did not affect its binding to 
oligodendrocytes. 

Galactocerebroside is an accepted marker for oligodendro- 
cytes. Double labelling experiments were done using, in a first 
step, a mixture of OKT8 and rabbit anti-galactocerebroside 
antiserum and in the second step, goat anti-mouse IgG (FITC 
labelled) mixed with goat anti-rabbit IgG (rhodamine labelled). 
Using three-week-old cultures, 75% of cells labelled for galac- 
tocerebroside, 86% for the T8 antigen and 68% showed double 
labelling. 

Freshly isolated ovine oligodendrocytes studied in suspension 
did not exhibit fluorescence with any of the antibodies tested. 
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Thus, the OKTS8 reactive determinant, as well as the Fc binding 
site, seems to be lost during the isolation procedure and 
regenerated in culture. Failure of freshly prepared cells to bind 
could be a consequence of the trypsinization step used during 
isolation. Indeed, when 0.3 mg ml”' of trypsin was added for 
45 min at 37 °C to human mononuclear cells in suspension or to 
ovine oligodendrocytes which had been maintained in culture, 
both lost their capacity to bind OKT8, OKT3 and OKML. Serial 
experiments performed using OKT8 showed that antibody 
binding was first evident after 3 days in culture and was invari- 
ably present thereafter up to 40 days in culture, the last time 
point tested. Per cent positive cells varied between cultures but 
binding was always present in more than 50% of the cells. 

We attempted to stain non-trypsinized sheep hepatocytes in 
suspension and cultured sheep fibroblasts using the same anti- 
bodies; neither cell type was positive with any monoclonal 
antibody. These results indicate that cross-reactivity of the 
monoclonal antibodies is at least relatively restricted to oli- 
godendrocytes and does not reflect reactivity with globally 
distributed ovine antigens. Interestingly, sheep splenocytes in 





Fig. 3 Immunofiuorescence pattern of oligodendrocytes stained 

with OKTS in conditions described in Fig. 1 legend, except that a 

1: 10 dilution of normal sheep serum (shown to block Fc receptors) 
was used in the preincubation step. 


suspension did not stain with any of the monoclonal antibodies. 
It would be of paramount interest to develop methods for 
maintaining human oligodendrocytes in culture and to test them 
for reactivity against OKT3, OKM1 and OKTS. 

If determinants are shared by suppressor lymphocytes and 
oligodendrocytes, as the present data suggest, this could explain 
why both suppressor cells and oligodendrocytes disappear in 
multiple sclerosis. The nature of the putative multiple sclerosis- 
relevant antigen in brain may even be approachable through 
study of circulating lymphocytes. 

This work was supported by National Multiple Sclerosis 
Society grants MS:RG 1223-B-3 and MS:RG 1130-C-16. 
Monoclonal antibodies (in mouse ascites fluid) were purchased 
from Ortho Laboratories (OKT3, OKT4, OKT6 and OKT8) or 
were provided by Dr P. C. Kung (OKM1, OKT5, OKT10 and 
OKI1). Anti-galacto cerebroside antiserum was a gift from Dr 
R. Lisak. 
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One of the best models for studying the control of mammalian 
cell growth and proliferation is the response of lymphocytes to 
mitogenic agents™™“, which stimulate growth, DNA synthesis 
and division. How mitogens work remains obscure, although it 
has been hypothesized that they increase cytoplasmic free cal- 
cium, [Ca?*],, as a trigger for the cascade of intracellular pro- 
cesses necessary for proliferation™“. However, lymphocyte 
[Ca?*], has not previously been measurable. A new technique’ 
for loading a novel Ca** -specific indicator" into the cytoplasm of 
intact small cells has now made possible the first direct 
measurements of [Ca**], in mouse thymocytes and pig node 
lymphocytes. We show here that lectins known to stimulate T 
cells raise average [Ca’~], approximately twofold within a few 
minutes. Deprivation of external Ca** or elevation of cyclic 
AMP, conditions known to inhibit mitogenesis, prevented the 
[Ca*], response. Rises in [Ca**], were accompanied by hyper- 
polarization of the membrane potential, apparently due to a 
Ca**-activated K* conductance. The co-carcinogen 12-0- 
tetradecanoylphorbol-13-acetate (TPA) seems to stimulate cell 
functions normally activated by Ca”. 

[Ca?*], was measured with a fluorescent indicator (structure 
3b of ref. 8, now called ‘quin2’) which shows a fivefold fluores- 
cence enhancement on binding Ca°**. Quin2 has a 1:1 stoi- 
chiometry of Ca? binding, with an apparent dissociation 
constant’ of 115 nM in the presence of 130 mM K*, 20 mM Na’, 
i mM free Mg’*, at pH 7.05 and 37°C, conditions chosen to 
mimic lymphocyte cytoplasm (refs 10, 11 and T.P., T.J.R. and 
R.Y.T., in preparation), The indicator was trapped inside the 
cells by incubating them with its membrane-permeant intracel- 
lularly hydrolysable acetoxymethyl ester’. Available tests 
suggest that the quin2 is free in the cytoplasm, not significantly 
contained in organelles such as mitochondria, and neither 
excluded from nor accumulated in the nucleus, so that its signals 
can be taken to measure cytoplasmic free calcium’. The signals 
are calibrated by releasing the indicator from the cells with 
digitonin or Triton X-100 at the end of the experiment and 
recording the fluorescence at 0% and 100% Ca saturation, that 
is, <1 nM and 1 mM[Ca’*"]. From these fluorescence levels, Finin 
and Fmax the [Ca]; corresponding to fluorescences F from 
trapped intracellular dye, are calculated by the equation 


[Ca**]=(115 nM)(F —Fain)/(Finex F) 


Parallel measurements of lymphocyte membrane potential ( Vm) 
were made with a potential-sensitive oxonol dye as previously 
described”’. 

Figure 1 shows fluorescence signals from quin2-loaded 
lymphocytes. The indicated resting [Ca**]; had a mean +s.e. of 
123+6nM (n=27). These levels are consistent with those 
measured in other cell types’* and argue against any gross 
toxicity. Further evidence against toxicity was that (1) loaded 
cells maintained high (<90%) eosin exclusion; (2) ATP levels” 
remained within 30% of normal with up to 3mM intracellular 
quin2; (3) capping of surface ligands was unaffected by quin2 
(ref. 14); (4) membrane potential responses of quin2-loaded 
mouse thymocytes were similar to those of normal cells 
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(compare Figs 2 and 3b); and (5) thymocytes and spleen cells 
loaded with quin2 and then treated with concanavalin A (Con 
A) at normal optimal doses can undergo mitogenic trans- 
formation as assessed by thymidine uptake (T. R. Hesketh, 
personal communication). All our results pertain to cells washed 
free from ester hydrolysis products after the loading period; 
leaving the hydrolysis by-products in the suspension may have 
long-term deleterious effects. 

Although quin2 is a Ca?* chelator, increasing its loading does 
not affect steady-state [Ca**],. Atomic absorption measurement 
of total Ca shows that during loading, the cells take up sufficient 
Ca from the medium approximately to half-saturate the trapped 
quin2 and keep [Ca**], near 120 nM. Loading in Ca**-free 
medium does reduce [Ca’”], to as low as 16 nM (ref. 9). 
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Fig.1 Resting [Ca**], levels and responses to A23187 and PHA. a, b, 
Lymphocytes from the mesenteric nodes of pigs were prepared as previously 
described’. Quin2 acetoxymethy! ester (50 uM) was added to a cell 
suspension containing about 10° celis per ml and incubated for 20 min. The 
suspension was then diluted 10-fold and incubated for a further 40-60 min. 
The resulting quin2 loading was typically 2 mmol per litre of cells; higher or 
lower loadings could be achieved by altering the ester concentration. After 
loading, the cells were centrifuged at 1,000g for 3-4 min and resuspended in 
fresh RPMI-1640 at ~107 per ml and kept at room temperature. Cells 
usually lost <5% of their dye per hour. For measurement of fluorescence, 
1~2 ml of this stock suspension was centrifuged for a few seconds at 14,000¢ 
and the cells resuspended in 2 mi of a physiological saline and transferred to 
the cuvette, the whole resuspension procedure taking about 1 min. Uniess 
otherwise specified, the physiological saline consisted of (mM): NaCl, 145; 
KCI, 5; Na,HPO,, 1; CaCl, 1; MgSO,, 0.5; glucose, 5; Na HEPES, 10; pH 
7.40 at 37°C. This simplified saline was routinely used instead of RPMI- 
1640 because the latter contains many absorbing and fluorescing substances; 
however, qualitatively similar [Ca?*], signals (see c) could be obtained in the 
full culture medium. Typical measurement conditions, with 2mM quin2 
content in 0.5 — 1x 10° cells per ml, are equivalent to about 1-2 pmol dye 
per litre of suspension, Quin2 fluorescences were recorded with Perkin- 
Elmer MPF-44 spectrofluorimeters in cuvettes thermostatted to 37°C, 
Excitation and emission wavelengths were 339 and 492 nm with 4 and 10 nm 
bandwidths. 10 or 100nM A23187 added from dimethy! sulphoxide 
(DMSO) stock solutions as indicated. Final DMSO concentrations were 
0.1% (v/v); control experiments showed no effect of DMSO up to 1%. c, 
PHA (Sigma) was added as indicated to mouse thymocytes teased from 
thymus glands of §5-8-week-old BALB/c mice and loaded with 2 mM quin2 
content as in a, b. This experiment was done in RPMI-1640 medium 
containing 1 mM free Ca** and 0.2 mM Ca?*-EGTA. Although PHA is less 
effective at stimulating thymidine uptake in thymocytes than in mature T 
cells, it does induce the early metabolic changes characteristic of mito- 
genesis*’-**. In this and Figs 2 and 3, fluorescence was calibrated in terms of 
[Ca**], as described in the text from F,,,, and Fain determined after quin2 
release by 50 uM digitonin or 0.02% (v/v) Triton X-100. Cells not loaded 
with quin2 gave no fluorescence responses to ionophores or lectins. Gaps in 
the trace denote additions to or stirring of the suspension. The synthesis of 
quin2 is described in ref. 8. Quin2/AM was prepared from quin2 by the 
general procedure of ref. 7. Some experiments used batches of quin2?/AM 
chromatographically purified and crystallized by Dr G. A. Smith, but with no 
difference in results from less exhaustively purified material. 


Two different mitogenic calcium ionophores, A23187. (ref. | 
15) and ionomycin’*, each proved very potent in nanor ; 

concentrations at raising [Ca°*],. Fig. la shows that 1 
A23187, a submitogenic dose, increased [Ca**], to a peal 
21M, from which it gradually decayed back nearly to resting © 





level during 1 h. The decay may be due to slow disappearance of — i 


ionophore from solution’’, and could explain why 10nM is a 
submitogenic dose*. A second addition of 10 nM A23187 ean 
produce a renewed [Ca’*], rise. A single application of 100 nM 
A23187, the optimal mitogenic concentration’, is sufficient to 
keep [Ca? *] above 1 uM for at least 40 min (Fig. 1b). 

T lymphocytes can also be stimulated by the lectins phyto- 
haemagglutinin (PHA) and Con A. At typically mitogenic doses 
both lectins give similar quin2 responses from thymocytes in. 
1 mM extracellular Ca** 


increase in average [Ca**],. Increasing the dye loading has no 
effect on the final apparent level of [Ca°*],, which is 200- 
300 nM, but slows the response slightly. The elevation of [Ca**], 
is maintained for at least tens of minutes with optimally mito- 
genic doses of Con A. In nominally Ca**-free media, Con A 
gives no increase in [Ca], which fits with the depen- 
dence of lectin mitogenicity on extracellular Ca’*. If 
Ca” is then added back to the Con A medium, [Ca**], rises 
immediately. Agents which raise intracellular cyclic AMP levels 
are known to prevent or abort mitogenic stimulation” 202%. the 
[Ca°*], response in thymocytes to Con A is antagonized by such 
agents, for example 100 uM theophylline, 10 mM Ro20/1724 
(another phosphodiesterase inhibitor’), 0.25 uM -dibutyry! 
cyclic AMP, or preincubation with 1 wg ml“ cholera toxin. By 
contrast, no effects on [Ca**], of millimolar exogenous cyclic 
GMP or its dibutyryl or 8-bromo derivatives have yet been 
detected, 

These lectin-induced rises in average [Ca**], may seem small. 
However, any influence of [Ca’*], on cell growth is probably 
exerted over several hours’, giving time for a small activation tc 
have a large cumulative effect. Moreover, not all the cells in 
these unfractionated populations are identically responsive to 
lectin?” 74, If, say, half the cells remain at resting [Ca**], at 
which level the quin2 is about 50% saturated with Ca**, the 
quin2 in the responsive cells would have to reach 80-90% 
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Fig.2 Effect of Con A (Miles- Yeda, crystallized three times) on [Ca**], and 
membrane potential, V,,. Mouse thymocytes containing 3 mM quin? were in 
the standard physiological saline, to which was added 0.1 uM oxonol. Upper 
trace shows the quin2 signal, lower trace the oxonol flucrescence (excitation 
549 nm, emission 580 nm) from another aliquot of the same batch of 
quin2-loaded cells. During each recording, the wavelengths were inter- 
mittently changed to verify that the other dye was responding normally, 
hence the large number of gaps in each trace. The V,, calibration was 
obtained after application of A23187 by adding KCl to raise external K“ in 
steps and assuming that the increase in K* permselectivity was by then 
sufficient to bring Va close to the K” equilibrium potential, Eg. The 
calibration marks relate oxonol fluorescence to Ex for each external K* 
concentration. The value of resting potential, —50 mV, estimated from 
oxonol fluorescence, is in reasonable agreement with independent assess- 
ments using the distribution of triphenylmethylphosphonium cation 
(TPMP*) in other lymphocyte types? °, However, the lectin-induced 
hyperpolarizations have not been reported previously. TPMP* equilibration 
takes 2.5-1 h and is thus not suitable for following early changes. Cyanine 
dyes'* are unsuitable probes because they poison mitochondria, deplete 
lymphocyte ATP*! and raise [Ca**], to a point where lectins produce no 
further increase. 










. A typical PHA response is shown in | 
Fig. le. After a delay of 30-60 s, the fluorescence rises over 
2~3 min by an amount corresponding to a 1.5- to 2.5-fold = 


70 


saturation ((Ca’*]; = 450~1,000 nM) to account for the observed 
average rise to 65-70% saturation. The quin2 response does not 
come primarily from the [Ca’*], of macrophages, since the 
response was not reduced by depletion of macrophages by 
adherence to glass, nor was any fluorescence response to Con A 
observed from macrophages obtained by peritoneal lavage and 
loaded with quin2. 

We have found that lectin-induced [Ca*”], rises are sufficient 
to cause at least one immediate cell response: a negative shift of 
membrane potential. Figure 2 compares the [Ca]; rise and the 
hyperpolarization in a single batch of quin2-loaded cells 
responding to mitogenic doses of Con A. The membrane poten- 
tial as assessed by oxonol fluorescence changes from its resting 
level of approximately —50 mV to ~70 mV with an initial delay 
and S-shaped time course similar to the [Ca**], rise. A23187 
produces an immediate further increase in [Ca**], and hyper- 
polarization. The hyperpolarization is likely to be due to a K 
conductance because it is associated with increased responsive- 
ness of Va to external [K"]; also, of the main intracellular ions, 
only K* has an equilibrium potential’’’'*° more negative than 
the resting potential. The hyperpolarization is also blocked by 
0.5 mM quinine, an agent known to block Ca?” -activated K* 
conductances’’. Stimulation of electrogenic Na*/K* pumping is 
probably not responsible because the hyperpolarization persists 
in the presence of 1 mM ouabain with only 1 mM external K”. 
The hyperpolarization is a consequence of the [Ca**], rise, not 
vice versa, as in Ca**-free solution Con A induces neither a rise 
in [Ca**], nor hyperpolarization, but when external Ca?” is 
restored, the [Ca**], rise and V,, hyperpolarization develop in 
parallel. Conversely, imposed eypetoolantantion or depolariza- 
tion®® do not affect the Con A-induced [Ca?*], rise. The 
similarity of the Vm responses between cells with and without 
quin2 (Figs 2 and 3b) argues that the indicator does not greatly 
perturb the [Ca’*], response to Con A. 
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Fig.3 Effects of TPA (Sigma). a, Mouse thymocytes containing 2mM 
quin2. After elevation of [Ca’*], by Con A, [Ca?*], is reduced by 5 nM TPA 
to below the resting level. Finally 10 nM A23187 raises [Ca**], to above 
1 uM. b, Mouse thymocytes from the same preparation as a but not loaded 
with quin2. Signal from 0.1 uM oxonol. After a Con A hyperpotarization, 
5 aM TPA causes a further, incompletely maintained hyperpolarization. Vn 
was calibrated as for Fig, 2. c, Pig lymphocytes loaded with 2.5 mM quin2. 
19nM TPA partially reversed the rise in (Ca**], caused by A23187. A 
second addition of 10 nM TPA had no further effect. The smallness of the 
initial response to 10 nM A23187 may have been due to reduced potency of 
. the particular stock solution used. 
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A counterexample to the correlations between known mito- 
* Lb > * a+ . * 
genic potency and the ability to raise [Ca**]; was found in TPA, a 
weak mitogen by itself and a potent synergist with ionophores 
and lectins‘? °, Ten nanomolar TPA gradually lowers resting 
[Ca’*], suppresses Con A-induced rises in [Ca**], (Fig. 3a) and 
can even partly antagonize an ionophore response (Fig. 3c). 
These effects may be due to stimulated Ca** pumping. Yet TPA 
hyperpolarizes the cells by itself and enhances a Con A-induced 
hyperpolarization (Fig. 35). The transience of the TPA hyper- 
polarization in Fig. 36 can be explained by the eventual fall in 
[Ca’*], counteracting the initial direct stimulation or increase in 
Ca’* sensitivity of the K* conductance. All these actions of TPA 
are detectable in tens of seconds or minutes and are near- 
maximal at 10 nM, a concentration comparable with the repor- 
ted dissociation constants for lymphocyte TPA-binding sites*'. 
We suggest that TPA fairly directly stimulates a variety of 
normally [Ca**]-dependent processes, such as the Ca pump, K* 
conductance and events leading to mitogenesis. Analogous 
stimulations might explain many actions of TPA on other cell 
p N « . + . X 
types’’**, including the aggregation of platelets while lowering 
[Ca**]; (S. W. Smith, T.J.R. & R.Y.T., unpublished data). 
Interestingly, the high-affinity binding of phorbol diesters to 
cellular receptors is enhanced by [Ca**] in the submicromolar 
range’, suggesting that TPA binding may reciprocally increase 
F + . 

the Ca** affinities of those receptors. 

These results support the view that [Ca**], is a primary 
messenger in lymphocyte mitogenesis, although we cannot say 
whether it is the only initial messenger without further studies 
such as analysis of lymphocyte heterogeneity and correlation of 
long-term [Ca**]; with mitogenesis. The surprising ability of the 

4 24 * 4 r 
co-mitogen TPA to lower [Ca]; can be rationalized by its 
stimulation of normally Ca**-dependent processes. Changes in 
[Ca**], sensitivity of cellular processes, as well as modest 
sustained rises in [Ca**],, may be of more general significance in 
the control of normal and malignant cell proliferation. 

This work was supported by SRC and CNR grants. T.P. held 
an EMBO Long-term Fellowship. We thank Dr G. A. Smith for 
samples of specially purified quin2 acetoxymethyl ester 
(‘quin2/AM’), and Dr T. R. Hesketh for permission to cite 
unpublished results. 

Received 15 July; accepted 24 November 1981. 
1. Oppenheim, J. J. & Rosenstreich, D. L, Prog. Allergy 20, 65-194 (1976). 
2. Wedner, H. J. & Parker, C. W. Prog. Allergy 20, 195-300 (1976). 
3. Metcalfe, J, C., Pozzan, T., Smith, G. A. & Hesketh, T. R, Biochem. Soc. Symp. 48%, 1-26 
(1980). 
4. Hume, D. A. & Weidemann, M. J. Mitogenic Lymphocyte Transformation (Elsevier, 
Amsterdam, 1980}. 
5. Coffey, R. G., Hadden, E. M, & Hadden, J. W. J. Immun. 119, 1387-1394 (1977). 
6. Whitfield, J. F. et al. Ann. N.Y. Acad. Sci, 339, 216-240 (1980). 
7. Tsien, R, Y. Nature 290, 527-528 (1981), 
8. Tsien, R. Y. Biochemistry 19, 2396-2404 (1980). 
9. Pozzan, T., Rink, T. J. & Tsien, R. Y. J. Physiol., Lond. 318, 12P-13P (1981); J. Cell Biol, 
(submitted). 
10, Lichtman, M. A., Jackson, A. H. & Peck, W. A. J. cell. Physiol. 80, 383-396 (1972). 
ll. Pozzan, T., Rink, T. 1. & Tsien, R. Y. J. Physiol., Lond, 319, 102P (1981). 
12. Rink, T. J, Montecuceco, C., Hesketh, T. R. & Tsien, R. Y. Biochim. biophys. Acta 895, 
15-30 (1980). 
13. Alvarez-Leefmans, F. }., Rink, T, J. & Tsien, R. Y. J. Physiol, Land. 315, 531-348 (1981). 
14. Pozzan, T., Arslan, P., Tsien, R. Y. & Rink, T. J. J. Cell Biol. (submitted). 
15, Maino, V. C., Green, N, M, & Crumpton, M. J. Nature 281, 324-327 (1974). 
16, Lyall, R. M., DuBois, J. H. & Crumpton, M. J. Biochem. Soc. Trans. 8, 720~721 (1980), 
17. Lew, V. L. & Ferreira, H, G. Curr. Topics Membranes Transport 10, 217-277 1978). 
18. Freedman, M. H. in Cell Biology and Immunology of Leukocyte Function (ed. Quastel, 
M.R.) (Academic, New York, 1979). 
19. Bard, E., Colwill, R., L’Anglais, R. & Kaptan, J. G. Can. J. Biochem. $6, 900-904 (1978). 
20. Watson, J. J. Immun, 117, 1656-1653 (1976), 
21. DeRubertis, F. R. & Zenser, T. Biochim. biophys. Acta 428, 91-103 (1976). 
22. Whitesell, R. R, Hoffman, L. H. & Regen, D. M. J. biol. Chem. 282, 3533-3547 (1977). 
23. Gerhart, $., Mills, G., Monticone, V, & Paetkau, V. J. Immun. 187, 1314-1319 (1976), 
24. Wagner, H. et al. Immun. Rev. $1, 215-255 (1980), 
25. Iversen, J. G. J. cell. Physiol. 89, 267-276 (1976). 
26, Montecucco, C., Rink, T. J., Pozzan, T. & Metcalfe, J.C. Biochim. biophys. Acta 598, 65-70 
(1980). 
27. Whitfield, J. F., MacManus, J.P. & Gillan, D.J. J. cell, Physiol. 82, 151-156 (1973). 
28. Mastro, A. M. & Mueller, G. C. Expl Cell Res, 88, 40-46 (1974). 
29, Wang, J. L., McClain, D. A. & Edelman, G. M. Proc. natn. Acad. Sci. U.S.A. 72, 1917-1921 
(1975), 
30, Rosenstreich, D. L. & Mizel, S. B. J. Immun. 123, 1749-1754 (1979), 
31. Estensen, R. D., DeHoogh, D. K. & Cole, C. F. Cancer Res. 40, 1119-1124 (1980). 
32. Schleimer, R. P., Gillespie, E. & Lichtenstein, L. M. J. Immun. 126, 570-574 (1981). 
33. Estensen, R. D. etal. in Control of Proliferation in Animal Cells (eds Clarkson, B. & Baserga, 
R.) (Cold Spring Harbor Press, New York, 1974). 
34. Malaisse, W., J. et al. Cancer Rez. 40, 3827-3831 (1980), 


35. Dunphy, W. G., Kochenburger, R. J., Castagna, M. & Blumberg, P. M. Cancer Res. 41, 
2640-2647 (1981). 





Nature Vol. 295 7 January 1982 


36. Hesketh, T. R., Smith, G. A., Houslay, M. D., Warren, G. B. & Metcalfe, J.C. Nature 267, 
490-494 (1977), 

37. Resch, K., Ferber, E. Prester, M. & Gelfand, E, W. Eur. J. Immun. 6, 168-173 (1976). 

38. Gron ik, K-O., & Andersson, J. Immun. Rev. §1, 35-59 (1980). 

39. Kiefer, H., Blume, A. J. & Kaback, H. R. Proc. natn. Acad. Sci. U.S.A. 77, 2200-2204 
{1980}, 

40. Deutsch, C, J., Holian, A., Holian, $. K., Daniele, R. P. & Wilson, D. F. J. cell, Physiol. 99, 
79~94 (1979), 

41. Montecuceo, C, Pozzan, T. & Rink, T. J. Biochim. biophys. Acta 5852, 552-357 (1979). 





Lower fidelity of RecA protein 
catalysed homologous pairing 
with a superhelical substrate 





Chanchal DasGupta & Charles M. Radding 


Departments of Human Genetics and Molecular Biophysics and 
Biochemistry, Yale University School of Medicine, New Haven, 
Connecticut 06510, USA 





The heteroduplex joint, a splice containing paired strands from 
each of two DNA molecules is a key feature of homologous 
genetic recombination’’. The formation of such a lap joint 
ensures that heterologous chromosomes do not recombine; 
presumably the degree of homology determines the frequency 
of crossing over between related but non-identical 
chromosomes. On the other hand, according to the current ideas 
on recombination, the formation of heteroduplex joints is not a 
stringent process. Genetic evidence supports the view that the 
classical phenomena of meiotic gene conversion and aberrant 
meiotic segregation result in part from the inclusion of mis- 
matched base pairs in heteroduplex joints, and the subsequent 
correction of some of these mismatched pairs before repli- 
cation’ *. Thus meiotic gene conversion signals one kind of 
departure from perfectly faithful pairing. The association of 
increased mutation frequencies with crossing-over is another 
kind of departure from fidelity in recombination®*. Little is 
known about the effect of imperfect homology either on the 
initial pairing of DNA molecules, or on the formation and 
extension of heteroduplex joints. The nucleotide sequences of 
phages ®X174 and G4 are related, but differ by 33% of bases in 
the coding regions. Here we show using combinations of ®X174 
and G4 DNA, that Escherichia coli RecA protein catalyses the 
formation of joint molecules with many mismatched base pairs, 
but only if one of the molecules is superhelical. By contrast, in 
the absence of RecA protein, superhelicity does not cause 
®X174 and G4 DNA to form D-loops spontaneously at any 
temperature between 37 and 75°C. These observations focus 
attention on the role of RecA protein in unwinding DNA, and 
on superhelicity as a factor that can lessen the fidelity of 
homologous pairing. 

Recent studies of RecA protein, which is essential for genetic 
recombination of E. coli”’* have shown that this single purified 
protein can promote two central steps of genetic recombination 
in vitro, namely synapsis, the pairing of homologous molecules, 
and strand exchange, which produces long heteroduplex 
joints'’’*. Synapsis is experimentally separable from the 
formation of heteroduplex joints: RecA protein can pair a single 
strand with homologous duplex DNA in the absence of a free 
end in any of the strands’’; and E. coli topoisomerase I, acting 
on these intermediates can interwind a single strand with its 
complement in duplex DNA’’. When a free end exists, for 
example in the combination of linear duplex DNA and circular 
single-stranded DNA, RecA protein causes the formation of 
long heteroduplex joints’’ by driving strand exchange in one 
direction'*’*. RecA protein can also cause the uptake of a linear 
single strand by superhelical or non-superhelical DNA to forma 
particular kind of heteroduplex joint called a D-loop'”"*. 

In vive, both synapsis and heteroduplex formation presum- 
ably contribute to the fidelity of homologous pairing. In 
experiments on the reactions promoted in vitro by RecA pro- 
tein, we have observed effects of imperfect homology on both 
synapsis and strand exchange'*'*, RecA protein makes joint 
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Fig. 1 Spontaneous formation of D-loops plotted against 
temperature. Superhelical DNA, and fragments of single-stranded 
DNA, each at 80 uM, were heated for 40 min at the temperature 
indicated in 201 reaction mixtures containing 10mM Tris 
(pH 7.5}, 1 mM EDTA and 200 mM NaCl. D-loops were assayed 
according to Beattie et al., The superhelical DNA in all reaction 
mixtures was from ®X174., @, OX174 single-stranded fragments: 
Q, G4 single-stranded fragments; A, no single-stranded DNA. 





Table 1 Superhelicity promotes the pairing of @X174 and G4 DNA by 
RecA protein 





Joint 
Double-stranded Single-stranded molecules 
DNA DNA (%) 
(a) Linear Fragments Circular 
G4 42 
G4 G4 32 
X 0.1 
pX 0.4 
X 36 
DX Xx 12 
G4 0 
G4 0.2 
(b). Superhelical Fragments Circular 
G4 69 
G4 G4 26 
PX 21 
X 0 
DX 70 
ox pX 31 
G4 17 
G4 0 
(c) Niecked circular Fragments 
G4 G4 43 
ox 6 
X X 38 
G4 6 





Duplex DNA, 4.2 uM, and single-stranded DNA, 6.0 uM, were 
incubated for 30 min at 37°C in 20 wl reaction mixtures containing 
31 mM Tris (pH 7.5), 100 pg ml bovine serum albumin, 25 mM MgCh, 
1.2 mM ATP and 3.0 uM RecA protein. When the duplex DNA was 
superhelical, the reaction was stopped by adding 130 ul of 25 mM 
EDTA (pH 8.5) and 0.5% Sarkosy!. Aliquots of 40 pl were diluted in 
2 milof 1.5 M NaCl/0.15 M Na citrate, held at 41 °C for 4 min, diluted in 
cold NaCi/Na citrate, and filtered through nitrocellulose'', When the 
duplex DNA was nicked circular or linear DNA, we stopped the 
reaction by adding 100 wl of 25 mM EDTA (pH 8.5) and diluted it in 
cold 1.5 M NaC1/0.15 M Na citrate before filtration. 
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Table 2 Sequences of the 5’ ends of the viral strand ®X174 and G4 DNA each beginning at a different Psd site 
G4 DNA 
6 6/12 29 
ee Gaeta ema seal 
G GAA TTG CTG TTG CTA AC. TAC GAA TTA AAT CGA AGT 
9/10 
per see pre apt ng ot rena 
GGA CTG CTG GTG GAA AAT GAG GAA ATT CAA TCT CAA 
PX 174 DNA 
15 15/23 
a a A i a are A ee ae a ee a ee 
G AGT TTT ATC GCT TCC ATG ACG CAG AAG TTA ACA CTT 
16 
TCG GAT ATT TCT GAT GAG TCG AAA AAT TAT CTT CAT 


Sequences are taken from Godson?!” For G4 DNA, the sequence shown is that of the viral strand, proceeding $’ to 3’ from the Psd site in gene A; 
for bX174 it is the sequence from a different Psfl site in gene A. Letters in bold type represent differences between the corresponding sequences of 
®X174 and G4. The brackets separate continuous runs of homologous bases from regions containing differences, and the numbers above the brackets 


indicate the number of perfectly matched bases. 


molecules from mixed pairs of circular single-stranded DNA 
and linear duplex DNA of fd and: M13, whose nucleotide 
sequences differ by 3% of bases'’’’. However, even these 
relatively sparse mismatches can stop the unidirectional growth 
of heteroduplex joints'*. When we did the same experiment with 
pairs of DX174 and G4 DNA, no joint molecules were formed. 
Neither fragments nor circular single-stranded ®X174 DNA 
formed joint molecules with linear duplex G4 DNA, whereas 
the perfectly homologous combination of single-stranded 
G4 DNA with duplex G4 DNA yielded joint molecules. Parallel 
observations were made with single-stranded G4 DNA and 
duplex ®X174 DNA (Table 1a). 

The pairing by RecA protein of circular viral single strands 
with linear duplex DNA is a precise reaction in which a 
heteroduplex joint forms preferentially at the 3’ end of the 
complementary strand and grows in one direction away from the 
end'''*'5| When the linear molecules are produced by restric- 
tion cleavage of circular duplex DNA, the formation of 
heteroduplex DNA begins at a specific sequence. Thus with 
regard to the pairing of ®X174 and G4 DNA, the published 
nucleotide sequences reveal the degree of homology at the sites 
from which heteroduplex formation begins. The nucleotide 
sequences of the appropriate ends of linear duplex ®X174 DNA 
and G4 DNA are listed in Table 277. A short distance from 
each end, there is a subterminal region in which 1/3 to 1/2 of 
bases do not match. Experiments reported elsewhere have 
shown that a density of mismatches as low as 1 base pair in 10 
can retard the growth of heteroduplex joints promoted by RecA 
protein’. In the case of relaxed ®X174 and G4 DNA the 
greater density of mismatched sequences blocks not only the 
enlargement of heteroduplex joints, but also the formation of 
any stable joint molecules by RecA protein. Superhelicity, 
however, overcomes the inability of RecA protein to pair these 
partially homologous molecules. When we reacted fragments of 
single-stranded ©X174 DNA and superhelical G4 DNA, or 
vice versa, with RecA protein, we observed the formation of 


Table 3 The size of D-loops made by RecA protein from partially 
homologous fragments and superhelical DNA 


Superhelical DNA 
Fragments of ssDNA PX174 G4 
®X174 340+ 110* 220+ 120 
G4 250+ 130 320+ 100 


D-loops were made with superhelical DNA and single-stranded 
fragments as for Table 1. Measurements of the lengths of D-loops by 
electron microscopy were made as described previously”. 

* 14-19 D-loops were measured in each sample. 


joint molecules (Table 14). The mixed combinations of circular 
single-stranded DNA with superhelical DNA (Table 15) or of 
fragments with nicked circular DNA (Table 1c) did not yield 
joint molecules. 

The joint molecules made by combinations of ®X174 and G4 
DNA had the electron microscopic appearance of D-loops (data 
not shown). Measurement showed that the mean lengths of 
D-loops in the mismatched combinations exceeded 200 base 
pairs, corresponding to about 2/3 to 4/5 of the lengths of 
D-loops made in perfectly matched combinations (Table 3). 
Since the median length of perfectly matched sequences in 
X174 and G4 is 14 bases and since no perfectly homologous 
sequence exceeds 30 bases, the D-loops made by ®X174 and 
G4 must contain many mismatched base pairs. For example 


Table 4 Summary of observations on fidelty of homologous pairing promoted by 
RecA protein 


Type of DNA 








Physical Formation 
Single of joint 

Genetic stranded Duplex molecules Ref. 
Circular Linear a~ This paper 
Circular Superhelical ~ 12 

G4 RSNA Fragmented Nicked circular - This paper 
Fragmented  Superhelical + This paper 
Circular Linear + 15 

id+ M15 Circular Superhelical ~ Unpublished 


there is a stretch of 30 homologous bases in gene D; in the 200 
bases preceding and following this stretch there are 65 and 42 
mismatched bases. The other 3 homologous runs of 28~30 bases 
are flanked by similarly large numbers of mismatched bases”. 

When superhelical DNA containing D-loops is nicked, the 
D-loops promptly dissociate by spontaneous branch migra- 
tion’*. We compared the dissociation of D-loops made from 
homologous and mixed combinations of X174 and G4 DNA. 
D-loops made from mixed combinations dissociated more 
rapidly, as expected for shorter D-loops and for D-loops 
containing mispaired bases (data not shown). 

The experiments described above show that superhelicity 
promotes the formation by RecA protein of heteroduplex joints 
that contain many mismatches. No measurable formation of 
D-loops occurred in 60 min at 37°C in the absence of RecA 
protein, even when the DNA was perfectly homologous (Fig. 1). 
The requirement of RecA protein for the formation of D-loops 
from ®X174 plus G4 DNA is further shown by experiments in 
which we tried to make D-loops from ®X174 and G4 DNA by 
annealing”. Homologous pairs of DNA formed 21-24% D- 
loops in 30 min at 75°C, but the mixed combinations G4 
superhelical DNA and ®X174 single-stranded fragments, or 
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vice versa, formed none. In the absence of RecA protein, we did 
not observe the spontaneous formation of D-loops by X174 
superhelical DNA and fragments of G4 DNA at any tempera- 
ture between 37° and 75 °C (Fig. 1). 

Thus observations on the pairing of DNA from related small 
DNA phages have shown that the basis for discriminating a high 
degree of relatedness from perfect or nearly perfect homology 
exists in the mechanism by which RecA protein promotes 
homologous pairing (summarized in Table 4). We can begin to 
relate the effects of mispairing to the two steps in the reaction, 
namely synapsis and heteroduplex formation. The sequences of 
fd and M13 differ by 3% of bases; whereas ®X174 and G4 differ 
by 33% of bases in the coding regions which comprise 95-96% 
of their genomes'”**, These different degrees of potential 
mismatching have distinguishable effects. According to previous 
observations on the joint action of RecA protein and E. coli 
. topoisomerase I, the imperfect homology of X174 and 
G4 DNA interferes with synapsis, a step that precedes the 
formation of an extensive heteroduplex joint'*. However, if the 
single-stranded DNA is fragmented, and the duplex DNA is 
superhelical, then even 33% nonhomology does not bar the 
formation of joint molecules, although the frequency is reduced 
relative to completely homologous molecules. The 3% non- 
homology of fd relative to M13 permits the formation of joint 
molecules in non-superhelical DNA, but interferes with the 
growth of heteroduplex joints that is actively promoted by RecA 
protein’*. Nonetheless, many mismatched base pairs are 
included in the joint molecules formed by fd and M13 DNA, and 
correspondingly more mismatched base pairs are included in the 
joint molecules that are formed by ®X174 and G4 DNA when 
superhelicity favours the reaction. 

Although spontaneous uptake of homologous single-stranded 
fragments by superhelical DNA is driven by the energy of 
superhelix formation, additional energy in the form of heat is 
required to make the reaction go at readily measured rates. On 
several grounds, we suggested that this energy unwinds the helix 
at potential nucleation sites and that this unwinding is the 
rate-limiting step. Following nucleation, the superhelix energy 
causes the D-loop to grow because it stabilizes the product, 
which is a less constrained structure than the original super- 
helix’’. In the present experiments, the failure of ®X174 and 
G4 DNA to form D-loops in the thermal reaction is presumably 
due to lack of nucleation of imperfectly matched sequences at 
high temperatures, in other words to instability of a nascent 
heteroduplex joint. RecA protein may promote the pairing of 
G4 and ®X174 because it unwinds the helix at 37 °C (ref. 26) at 
which temperature even imperfectly paired sequences may form 
a nucleus that can be enlarged by the energy of superhelix 
formation. According to this interpretation, RecA protein, 
using the energy of ATP, replaces the role of thermal energy in 
unwinding the helix so that nucleation can occur. In the absence 
of superhelicity, RecA protein fails to pair DX 174 and G4 DNA 
because there is a net loss of perfectly paired bases without the 
offsetting entropic gain that is associated with formation of a 
D-loop in superhelical DNA”. 

With regard to recombination, and possibly mutagenesis, the 
significant observation reported here is that RecA protein, using 
superhelical DNA as the recipient of a strand transfer, can make 
heteroduplex joints containing many mismatches. 
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messenger RNA distinguished 
by analysis of cDNA clones 
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The major histocompatibility complex (MHC) is composed of a 
set of linked genes encoding proteins involved in the host's 
immune response’. A subset of these proteins are the classical 
transplantation antigens, which are responsible for rapid allo- 
graft rejection and are involved in the associative recognition of 
foreign antigens by cytotoxic T cells'*. Three different genetic 
loci coding for the transplantation antigens in humans (HLA-A, 
-B and -C) and in mice (H--2K, D and L) have been identified**; 
they are highly polymorphic’. The recent molecular cloning of 
HLA** and H-2’* cDNA sequences provide the basis for 
detailed characterization of the genetic organization and 
expression of the MHC. We report here the identification, by 
analysis of cDNA clones, of at least three distinct classes of H-2 
messenger RNAs that can be differentiated on the basis of their 
disparate 3'-non-translated regions, and describe an unusual 
sequence arrangement in one class of H-2-like molecule. 

An adult liver cDNA library, derived from SWR/J mice (g 
haplotype) and cloned into the PstI site of pBR322 (ref. 9), was 
screened by hybridization using as a DNA probe the insert from 
the HLA cDNA clone of Sood et al.°. Approximately 150,000 
colonies were screened and 30 clones isolated. Excision of the 
DNA inserts from each of the putative H-2 clones, by digestion 
with PstI, generated multiple fragments which show extensive 
overlaps between the clones (Fig. 2a), suggesting that most of 
the clones are related to each other. 

Clone pH2 was chosen for further analysis. The entire DNA 
insert at the Psrl site of pBR322 is ~1,150 base pairs (bp) long 
and contains three internal PstI cleavage sites (Fig. 1). The order 
of the four PstI fragments is C (220 bp), B (250 bp), A (530 bp) 
and D (170 bp). Nucleotide sequence analysis of each fragment 
has shown that pH2 is highly homologous to the H-2 cDNA 
clones isolated by others”? and to the known amino acid 
sequences of H-2 transplantation antigens. The entire pH2 
insert extends from the codon for amino acid 86 (numbered 
according to the sequence of H-2K")* to the 3’ end of the 
mRNA, including the presumptive polyadenylation signal, 
AAUAAA, located 11 nucleotides from the poly(A) tract (data 
not shown). The sequences determined corresponded to amino 
acids 86-138 from within fragment C, 198-236 from fragment B 
and 237-315 from fragment A. 
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Clone pH2 was used as a prototype with which to compare the 
other cDNA clones. Individual Pst] fragments of pH2 DNA 
were **P-labelled by nick-translation and hybridized to South- 
ern blots of PstI digests of DNA from the other recombinant 
plasmids. Figure 1 shows the maps for nine of the cDNA clones 
obtained by this cross-hybridization. During the mapping 
experiments, we noted many similarities between the clones. 
Most of the clones have either a 530- (pH2, 16, 18) or 570- 
(pH8, 12, 19, 6) bp cross-hybridizing A fragment (Fig. 26), and 
a common 250-bp B fragment. The A and B fragments are 
internal fragments in pH2 (see Fig. 1). The clones differ exten- 
sively in the size of their 5S’ fragments, a presumed artefact of 
cDNA synthesis, as well as in their 3’ D fragments. In addition, 
the D fragment of pH2, which contains entirely 3'-non-coding 
sequences immediately adjacent to the poly(A) tract, did not 
cross-react to any extent with the 3’-non-coding D fragments of 
many of the other clones. 

To determine whether the 3’-non-coding regions of the 
various clones may be useful for distinguishing different classes 
of H-2 molecule, the Pst] D fragment (170 bp) from pH2, the 
D, fragment (185 bp) from pH8 and the D, fragment (135 bp) 
from pH12 were purified, labelled by nick-translation and 
hybridized to Southern blots of PstI digests of the same set of 
nine plasmid DNAs (Fig. 2c-e). Figure 2c shows that the D 
fragments of clones pH2, pH16 and pH18 are indistinguishable 
on the basis of size or extent of cross-hybridization. The pH2 D 
fragment did not cross-react with any of the other clones. The 
pH8 D, fragment hybridized to itself (Fig. 2d) and pH25, pH26 
and pH35 (data not shown). On the other hand, the pH12 D, 
fragment hybridized to a similar-sized fragment from pH19 (Fig. 
2e) and to pH24 and pH31 (not shown). Thus at least three 
classes of H-2 mRNA molecule can be defined by differences in 
their 3'-non-coding regions, represented by clones pH2 (pH16, 
pH18), pH8 (pH25, pH26, pH35) and pH12 (pH19, pH24, 
pH31). Although clones pH5, pH6 and pH7 cannot be classified 
on the basis of this analysis because they lack a D fragment, they 
are not in the same class as pH2 (see below and Fig. 2/). 


CHO CHO 
H-N §-——5 | §-—-—-$ Bai 
H-2 2 aipa teman 
100 200 200 
pH2 E O ee Se SOMES © ae 
pH 16 T ERE Met RT Gee ae OE R 
pH j 8 Pe etn a 
D, 
pHs boven Be ari Per 
Dz Ez 
pH12 ieee Bata cede ace jee 
Dy Ez 
pHig a a reinterpret 
p H 6 eee E awe | 
pHs rr 
pH? ee a a 
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Fig.1 The PstI restriction maps of nine H-2 cDNA clones. As the 
recombinant plasmids were constructed by the dG-dC tailing 
method’, the cDNA inserts could be excised using Psi. The 
multiple restriction fragments. generated by PstI cleavage were 
ordered by analysis of partial digestion products. The orientation 
and location of each fragment derived from clone pH2 DNA 
relative to the linear structure of the H-2 antigen were determined 
by DNA sequence analysis, The map for each of the nine clones is 
presented in alignment with a schematic representation of the 
linear structure of the H-2 antigen, including the locations of the 
carbohydrate side chains (CHO), the disulphide bridges (S-S) and 
the membrane-binding region (hatched). 
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Fig. 2 Identification of different classes of H-2 cDNA clones by 
cross-hybridization analyses. Nine plasmid DNAs were digested 
with PstI and fractionated by electrophoresis on 1.6% agarose gels 
(a). The DNA fragments were transferred from the gels to nitro- 
cellulose sheets by the method of Southern'?. The sheets were 
prehybridized for 2-3h at 65°C in 3xSSC (1xSSC= 
O1S3MNaCl, 0.015MNa citrate), 5xDenhardt’s (1x 
Denhardt’s = 0.02% Ficoll, 0.02% polyvinylpyrolidone, 0.02% 
bovine serum albumin), 0.1% SDS, before hybridization for 16 hin 
the same conditions with one of several °’P-labelled DNA probes 
(5-/). DNA fragments used as probes were generated by digestion 
with the appropriate restriction enzymes and fractionated by elec- 
trophoresis through 5-8% polyacrylamide gels. The appropriate 
DNA bands were eluted and **P-labelled by nick-translation’® toa 
specific activity of 0.5-2x10°c.p.m. per pg. The 23-bp DNA 
fragment (f) was self-ligated with T4 DNA ligase before nick- 
translation. Following hybridization, the nitrocellulose sheets were 
washed extensively in 3xSSC, 0.1% SDS at 65°C, dried and 
exposed to Kodak XAR-5 films. The molecular weight markers 
(M,), derived from simian virus 40 DNA by HindIII digestion, 
were 1,768, 1,169/1,118, 526, 447 and 215 bp long. a Is a picture 
of an ethidium bromide-stained gel; autoradiograms of Southern 
blots were obtained with the following DNA probes: b, pH2 PstI A 
fragment; c, pH2 Pst] D fragment; d, pH8 Pst] D, fragment; e, 
pH12 PstI D, fragment; and f, the 23-bp Hinfl-~Sau3A subfrag- 
ment from the pH2 Pst] A fragment. 
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PJATP by the exchange GGIGTCCTTGGAG 
reaction . A  220-bp GluValLlLeuGeyAla 


fragment was purified by 
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polyacrylamide gel electrophoresis and recleaved with Rsal to give two fragments. The larger of these was subjected to sequence determination 
by a modification of the Maat-Smith procedure'*:'®. This sequence has been confirmed by analysis of both strands using the Maxam-Gilbert 
procedure'*, b, Comparison of the pH2 sequence with the corresponding sequence from two previous isolates, pH-2II (ref. 8) and pH-2°-3 (ref. 
10). The sequences are aligned for maximum homology showing the 13-bp deletion of pH2 relative to pH-2II and pH-2°-3. All differences in 
nucleotide sequences are indicated by @. The numbers correspond to the amino acid sequence of H-2K° (ref. 4). 


The pH2 class can be further distinguished from the pH8 and 
pH12 classes by its slightly faster-migrating A fragment (Fig. 
2a). DNA sequence analysis of pH2 showed an unusual feature 
in the part of the A fragment expected to encode the trans- 
membrane portion of the H-2 molecule, from amino acids 
284-307 (for reviews on the structure of the H-2 molecule, see 
refs 3, 4). Comparison of the sequence of the presumed trans- 
membrane region, which is comprised of 25 uncharged and 
nonpolar amino acids, from two previous isolates from other 
laboratories, pH-2II (ref. 8) and pH-2°-3 (ref. 10), showed 
perfect conservation of hydrophobic residues (Fig. 3). Analysis 
of the corresponding region in pH2 indicated that (1) there are 
extensive nucleotide and amino acid substitutions at the begin- 
ning of the transmembrane region, between positions 284 and 
290, with three out of six hydrophobic residues being replaced 
by charged or polar amino acids; (2) this is followed by a deletion 
of 13 bp, which removes the codons for amino acids 291-294, 
located in the middle of the transmembrane region, and also the 
first base of the codon for amino acid 295, resulting in a shift in 
the reading frame; and (3) this frameshift results in the intro- 
duction of a termination codon 34 nucleotides downstream at 
amino acid position 302. Figure 3 shows the nucleotide 
sequence and predicted amino acid sequence around this region 
of the pH2 molecule. Note that three charged amino acids (His 
286, Asp 289, Lys 296), as well as three polar residues (Ser 285, 
Ser 294, Pro 293), are now found interspersed throughout that 
region of the pH2 molecule which is equivalent to the hydr- 
ophobic transmembrane region of the classical H-2 antigen. 

To determine whether this unusual sequence was present in 
any other cDNA clones, we purified from pH2 the 23-bp 
Hinfl-—Sau3A restriction fragment that spans amino acids 281- 
288. Following self-ligation and *’P-labelling by nick-trans- 
lation, it was hybridized to Southern blots of PstI-restricted 
plasmid DNAs (Fig. 1f). Only those clones representing the pH2 
class, and containing a smaller 530 bp, rather than 570 bp, A 
fragment, hybridized strongly to this probe. These clones (pH2, 
pH16 and pH 18) also have indistinguishable D fragments (Fig. 
2c). Direct sequence analysis of pH16 further confirmed its 
identity to pH2 in this region of the molecule. This unusual 
pH2-like sequence is not a general feature of the transplantation 
antigens present in liver cells of mice of the q haplotype. In fact, 
clone pH7 has been found to have a classical hydrophobic 
transmembrane sequence from amino acids 280 to 293, at which 
point the clone is terminated by dG-dC tails (Fig. 1). The very 
weak hybridization of the 23-bp pH2-specific probe to pH8, 
-12, -19, -6, -5 and -7 (Fig. 2/) is probably due to the homology 
between amino acids 281 and 284 (see Fig. 3). 


The 250-nucleotide sequence immediately upstream from 
this unusual region of pH2 has been determined and contains 
neither in-frame nonsense codons nor frameshifts (data not 
shown). This region, between amino acids 198 and 279, shows 
88% homology to the H-2K* amino acid sequence*. The 
presence of this unusual sequence in liver mRNA raises the 
possibility that the mRNA represented by pH2 encodes a 
shortened form of the H-2 antigen (301 amino acids) that might 
have a different biological function. Such a truncated antigen is 
expected to contain the entire biologically active portion of the 
H-2 molecule. The absence of a hydrophobic region in this 
putative polypeptide makes it unlikely that it could be inserted 
into the plasma membrane. The loss of the C-terminal hydr- 
ophilic tail would preclude it from interacting with cytoplasmic 
components. It is possible that such a molecule could be 
secreted. 

Although an altered form of the H-2 antigen has not pre- 
viously been described, we have observed a protein of molecular 
weight 35,000 that can be immunoprecipitated by anti-H-2 
antiserum from cell-free translation products of liver mRNA 
(unpublished results). It remains to be determined whether this 
protein is the product of the mRNA represented by pH2. Untila 
protein product of this mRNA is identified, we cannot exclude 
the possibility that pH2 represents a transcriptionally active 
H-2-like pseudogene. 

This study demonstrates that different classes of H-2 cDNA 
clones can be identified on the basis of non-homologous 3'- 
untranslated sequences. The classes cannot yet be assigned to 
the H-2K, -D or -L loci as complete amino acid sequences from 
the q haplotype are not available. This observation should 
provide both a method for differentiating between members of a 
multi-gene family and a clearer understanding of their genomic 
organization and expression. 

After this manuscript had been submitted, Steinmetz et al." 
published the sequence of an H-2-like pseudogene with unusual 
changes in the transmembrane region that are distinct from 
those in pH2. It was not determined whether this pseudogene 
was transcribed. 

We acknowledge the generous gifts of the HLA-B cDNA 
plasmid from Dr Sherman Weissman and the mouse liver cDNA 
library from Drs John Monahan and Michael Tocci. 
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The major storage protein in many legume seeds is legumin, a 
hexameric molecule of molecular weight (M,) 360,000-400,000 
consisting of six subunit pairs, each of which comprises a 40,000- 
M. acidic polypeptide linked by disulphide bonds to a 20,000- 
M., basic polypeptide’. We have recently shown that these 
subunit pairs are synthesized, in vivo and in vitro in Pisum and 
Vicia™, as a 60,000-M, precursor polypeptide, putatively 
containing one copy each of the acidic and basic subunits 
covalently linked together. We describe here the cloning and 
identification of cDNA sequences coding for the legumin pre- 
cursor. Additionally, we have used these cDNAs to verify that 
the legumin mRNAs are of sufficient size to code for the 
precursor and to demonstrate the presence of four single-copy 
legumin genes in genomic DNA. Possible mechanisms for the 
processing of the legumin precursor are discussed. Identification 
of cloned cDNA sequences coding for vicilin, the secondary 
storage protein of Pisum sativum’, is also reported. 

Double-stranded DNA complementary to poly(A)” RNA 
from developing seed cotyledons was prepared*’ and cloned in 
plasmid pBR322°” as described in Fig. 1 legend. Transformed 
colonies strongly hybridizing to mRNA or cDNA probes were 
selected as putative legumin and vicilin cDNA clones and 
plasmid ‘minipreps’ made according to Klein et a/.’. Southern 
‘blots’ of cDNA inserts, excised from the recombinant plasmids, 
strongly hybridized mRNA and cDNA probes, further 
confirming the presence of cDNA inserts. The cDNA inserts 
were used to prepare and identify complementary mRNAs by 
hybrid-selected translation®”® (Fig. 1). 

An initial selection of 12 clones contained 6 cDNAs encoding 
vicilin 50,000 and 47,000-M, subunits*'°'*, two encoding the 
legumin 60,000-M, precursor*” and several others coding for 
unidentified polypeptide products (Fig. 1). 

Physical maps of two legumin cDNAs have been constructed 
from restriction endonuclease analyses and are shown in Fig. 2 
together with the sequencing strategies. The legumin cDNA, 
pRC 2.2.4, identified by hybrid-selected translation, has been 
completely sequenced and corresponds to a 638-nucleotide 
sequence from the 3’ end of the legumin mRNA (Fig. 3). There 
is, in addition, a polyadenylated sequence at the 3’ terminus. The 
second legumin cDNA (pRC 2.11.7), selected by screening the 
cDNA clone bank with pRC 2.2.4 cDNA, has been partially 
sequenced. It is essentially identical to 2.2.4, but is larger by 
about 150 nucleotides extending towards the 5' end of the 
message. 

The close agreement of the predicted amino acid composition, 
tryptic peptide and N-terminal sequence data with published 
data™'*'* unequivocably identifies the nucleotide sequence as 
that of a legumin cDNA and also locates the basic (20,000 M,) 
subunit at the 3' end of the legumin messenger coding sequence. 
The additional coding sequence of pRC 2.11.7 shows that the 





s aor 


r Poa net 
= A A 
Ds wae 
ELAT 


me . = 
et Pe = | wt 


Tes Ss a ee 
Rae 2S THE o 
$ 2 . S 


Fig.1 Identification of recombinant plasmids containing cDNAs by trans- 
lation of hybrid-selected mRNAs. Polyadenylated RNA, purified from 
14-day-old pea cotyledons, was used to synthesize double-stranded cDNA 
by avian myeloblastosis virus reverse transcriptase and DNA polymerase I 
as described previously**. The double-stranded cDNA was cloned in the 
BamHI site of pBR322 after attachment of BamHI synthetic oligonucleo- 
tide linkers, essentially by the method of Sippel er al.*. 1 pg of °P- or 
4H-labelled cDNA, blunt-ended with DNA polymerase I, was ligated to 400 
pmol of 5'-phosphorylated linkers for 15 h at 12.5 °C (ref. 6). After digestion 
with an excess of BamHI, the cDNA was fractionated on a Sepharose 6B 
column (100 mm x 15 mm diameter) and the fractions containing the largest 
cDNAs were pooled and recovered by alcohol precipitation. pBR322 (5 yg) 
linearized with BamHI, was treated with alkaline phosphatase to remove 
the 5'-phosphate groups (to prevent self-ligation and non-recombinant 
transformations®**) and after extensive phenol extraction the plasmid was 
passed through a Sephadex G-50 column and recovered by alcohol precipi- 
tation. The cDNA was ligated to the plasmid for 48 h at 12.5 °C. 0.5-1.0 pg 
-of the recombinant DNA was used to transform competent cells prepared 
from RecA” or BedBC strains of Escherichia coli K-12, after 24 h incuba- 
tion in calcium chloride to enhance competence**. Transformants were 
selected on ampicillin plates and screened by colony hybridization on 
nitrocellulose filters with “P-labelled cDNA and mRNA“**. Hybridizations 
were performed in the presence of polyadenylic acid to prevent any non- 
specific binding of probes to poly(dT-dA) regions in the clones**. Probing 
with pea ribosomal RNA showed the complete absence of any ribosomal 
cDNA clones. cDNA containing plasmids, purified by the method of 
Clewell*” and Katz et al.*”, were restricted with BamHI to excise the cDNA 
inserts, and 20-30 yg aliquots of total DNA were denatured and applied to 
freshly prepared diazobenzyloxymethy! paper’ as described by Smith et al.*. 
Poly(A)” mRNA was allowed to hybridize, 5 yg per filter, to the plasmids 
and specifically bound mRNAs were eluted and translated in the 
reticulocyte lysate system”. Translation products labelled with *H-leucine 
were separated and visualized by SDS-polyacrylamide gel electrophoresis 
followed by fluorography”. Track b shows the translation products from 
total poly(A) mRNA: tracks a and c show, respectively, endogenous transla- 
tion products from RNA nonspecifically bound to pBR322. Tracks e-l show 
the translation products fram mRNAs specifically bound to cDNA plasmids. 
pRC 2.1.7, 2.1.8, 2.1.18, 2.1.20, 2.2.1, 2.2.4 (band indicated with an open 
arrow), 2.2.5, 2.2.10, respectively. (Track d shows a *H-labelled standard 
protein preparation.) Legumin 60,000 M, precursor and vicilin 50,000 and 
47,000 M, precursors were identified as described previously’*. Character- 
ized and **P-nick translated** cDNAs, prepared as described in Fig. 4 
legend, were used to rescreen the cDNA clone bank for related but longer 
cCNA sequences. Clones were arrayed and grown on nitrocellulose filters 
and subjected to colony hybridization using the legumin cDNA insert from 
pRC 2.2.4. In this way the complementary and larger legumin cDNA, pRC 
2.11.7, was detected and isolated. 


amino acid sequence extends unbroken upstream beyond the N 
terminus of the basic subunit for at least 30 amino acids, 
presumably past or approaching the C terminus of the acidic 
subunit'’'®, There are no termination or initiation codons in this 
pre-N-terminal sequence, confirming the legumin precursor 
theory’. The sequence data also show that the legumin mRNA 
has a significant non-coding sequence between the coding 
sequence and the poly(A) tail. This 137—nucleotide sequence is 
A +T rich, in common with many other eukaryotic mRNAs, and 
contains the hexanucleotide sequence -AATAAA-, about 20 
nucleotides upstream from the 3' end, as also found in other 
eukaryotic mRNAs”, 

As further evidence for synthesis of legumin as a single 
polypeptide precursor, we have determined the size of the 
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legumin mRNA. Total and polyadenylated RNA preparations 
from developing cotyledons and leaves were denatured by 
glyoxylation” and size fractionated by agarose electrophoresis, 
and after transfer to nitrocellulose paper“, the ‘Northern’ blots 
were probed with “*P-labelled legumin cDNAs (Fig. 4). 
Legumin cDNA hybridized strongly to a single component in 
both seed RNA preparations corresponding to a 19S mRNA 
(2.2 x 10° bases), sufficiently long to code for a precursor poly- 
peptide of at least 60,000 M,. Although hybridization of 
legumin cDNA to smaller mRNA species was observed in seed 
polyadenylated RNA (Fig. 4), the binding was never to discrete 
mRNA sizes and was unique to polyadenylated preparations. 
No such hybridization was observed in total seed RNA pre- 
parations, indicating the absence of small mRNA species which 
may have coded for the smaller (basic) polypeptide components 
found in legumin isolated from mature seeds. We conclude from 
these results that extensive degradation of the 19S legumin 
mRNA occurs during the preparation of polyadenylated RNA, 
in agreement with the reports of Dunham et al.”. There was also 
no hybridization of the probes to any components in the leaf 
polyadenylated RNA preparations, verifying the tissue-specific 
expression of the storage protein genes”°, 

We have also used the legumin cDNAs to probe for the 
homologous sequences in genomic DNA. Pea genomic DNA 
was prepared from leaf tissue” and equal aliquots were digested 
to completion with EcoRI or HindIII restriction endonucleases 
(which do not cut within the cDNA sequence) (Fig. 5). After 
separation on agarose gels, the genomic DNA fragments were 
blotted on to nitrocellulose paper™* and then hybridized to an 
excess of **P-nick-translated”* cDNA insert (specific activity 
22x10’ c.p.m. per ug) from pRC 2.2.4 (Fig. 5). Various 
amounts of linearized pRC 2.2.4 corresponding to different 
gene copy numbers were also included on the gels” (Fig. 5). We 
have only been able to detect four EcoRI genomic fragments 
(excluding any intron sites) hybridizing to legumin cDNA and an 
estimate of the intensities of hybridization to genomic fragments 
and cDNA plasmids indicates a single gene copy per fragment 
and therefore an apparent maximum complement of four 
legumin genes per haploid genome. This agrees with the recent 
reports of Spencer and Higgins” of a set of at least three legumin 
precursors found in vivo, and of J.A.G. et al. (unpublished) of at 
least three legumin precursors in vitro. Other reports have 
indicated that up to four major legumin species exist in mature 
pea seeds, depending on the genetic line '*?'"**, However, there 
have also been many reports of a greater number of minor 
legumin species in pea and other legumes, based on polypeptide 
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Fig.2 Restriction maps of cDNAs from plasmids pRC 2.11.7 and 
PRC 2.2.4 showing the positions of restriction enzyme targets used 
in the sequencing experiments. The horizontal scales represent 
nucleotide base pairs from the 5’ end of the coding strand. Numbers 
of nucleotide base pairs in pRC 2.11.7 correspond to the scale in 
the nucleotide sequence (Fig. 3), The horizontal arrows indicate 
the extent of the fragments sequenced and the direction of 
sequence reading from the 5’-labelled ends (@). Sequencing was by 
the method of Seif er al.” (continuous arrows) or that of Maxam 
and Gilbert”? (broken arrows). 
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Fig. 3 Composite cDNA sequence coding for the legumin basic 
subunit. The figure shows the DNA (mRNA) sequence (line a) 
derived from pRC 2.11.7 and pRC 2.2.4. Numbering in the 
nucleotide sequence corresponds to that of pRC 2.11.7 in Fig. 3. 
The asterisk at position 787 indicates the only position at which the 
two sequences differ, with an adenine residue occurring in 2.2.4 
and a thymine residue in 2.11.7. Restriction endonuclease sites are 
overlined and the termination codon is underlined, as are the 
overlapping AATAAA hexanucleotide sequences at the 3' end of 
the mRNA. DNA sequencing was by the methods of Seif etal. or 
Maxam and Gilbert®®, Where the method of Seif et al.*° was used, 
the products of forward and backward reactions were pooled 
before lyophilization. In both cases, end-labelled DNA fragments 
were prepared according to Maxam and Gilbert and sequencing 
gels (6 and 8% polyacrylamide) were prepared as described by 
Smith“ and run at 1,500 V. The predicted amino acid sequence 
(line 4) was obtained from the DNA sequence by the use of a 
computer program (provided by Dr M. D. Watson). Line ¢ shows 
peptide amino acid sequences matching the predicted sequence. 
The N-terminal peptide sequence was obtained from the published 
data of Casey et al." and all other sequences (underlined) were 
obtained by sequencing purified tryptic peptides from the legumin 
basic polypeptides (J.N.Y., in preparation), Basic subunits were 
isolated from total legumin by ion-exchange chromatography in 
formamide, as described by Gatehouse et al.*’. The separated basic 
subunits were extensively dialysed against distilled water and 
lyophilized. Tryptic digestions were carried out for 6h at 37°C 
(100/2 w/w) and the peptide mixture lyophilized before separa- 
tion by HPLC. The tryptic peptides were separated on a reverse- 
phase column (C18, 10u, Varian MCH-10) using a trifluoroacetic 
acid/acetonitrile gradient (0-70% acetonitrile). Separated 
peptides were collected and lyophilized before being sequenced by 
the DABITC method of Chang et al.5?. 
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Fig. 4 Identification and sizing of legumin mRNA. Poly(A)* 
mRNA (1 yg) or total Seed RNA (5 ug), prepared according to the 
methods of Hall er al.” and Girard**, were denatured by glyoxyl- 
ation and electrophoresed ¢ on 1.5% agarose gels by the method of 
McMaster and Carmichael”’, The nucleic acids were transferred to 
nitrocellulose paper according to Thomas * and hybridized with 
“p. end-labelled or -nick-translated?? cDNAs (specific activity 
10’ c.p.m. per pg). cDNAs were excised from the plasmids with 
BamHI and separated on 0.5% agarose gels. The cDNAs were 
electroeluted from gel slices into dialysis tubing and recovered by 
alcohol precipitation. After end labelling or nick-translation, the 
cDNAs were re-electrophoresed through 0.5% agarose into 
dialysis tubing and used without alcohol precipitation for the 
hybridizations. Hybridizations were performed in the presence of 
100 ug ml”! polyadenylic acid to prevent nonspecific binding”*. 
Autoradiographs of the hybridizations are shown as follows: track 
a, poly(A) mRNA from leaves; ,{rack b, poly(A) mRNA from 
developing seeds hybridized with **P-legumin cDNA (pRC 2.2.4). 
Tracks c and d show standard ribosomal RNAs, E. coli 16S and 
23S, and pea 18S and 25S — A stained with acridine 
orange’ 





Fig. S Use of specific cDNAs to probe for legumin genes. 
Genomic DNA was isolated from developing pea leaves and 
purified twice on caesium chloride gradients?’. Aliquots (5 ug) of 
the pure DNA were digested to completion with EcoRI, or 
Hindlll. The fragments were then separated by electrophoresis 
overnight on 0.5% agarose gels and transferred to nitrocellulose 
paper**. The genomic blots were hybridized with *P-cDNAs 
prepared as described in Fig. 4 legend (specific activity >10" c. p.m. 
per ug). Track a shows standard fragments of an EcoRI digest of 
ANM258, stained with ethidium bromide; tracks b, c show EcoRI 
and tracks d, e HindIII digests of pea genomic DNA stained with 
ethidium bromide (tracks 6,d) and probed with **P-legumin 
cDNA (pRC 2.2.4) (tracks c, e); tracks f~i show 2.6, 5.3, 10.6, 
26.5 pg of linearized plasmid pRC 2.2.4 (corresponding to 0.5, 1, 2 
and 5 legumin gene copies in 5g of genomic DNA?’) and 
hybridized with **P-legumin cDNA. 
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analyses and amino acid sequencing of purified acidic and basic 
polypeptides (refs 16, 31-33,35 and Nielsen, personal com- 
munication)—that is, more than could be specified by four genes 
(for a review see ref. 36). Some of the additional heterogeneity 
may be accounted for by post-translational modifications*””’ or, 
on the other hand, the probe used here may not have hybridized 
to all legumin DNA sequences. Similar analysis of genomic 
DNA isolated from pea seed cotyledons gave no evidence for 
selective amplification or alteration of the legumin genes in 
these tissues, supporting previous work”, 

The amino acid sequence deduced from the legumin cDNA 
nucleotide sequence clearly shows that the coding sequence for 
the acidic subunit precedes that of the basic subunit in the 
mRNA. The processing of legumin’ seems to be analogous to 
that of animal insulin, where excision of a linking (C) peptide 
from the precursor proinsulin by proteolytic cleavage at Arg- 
Arg and Arg-Lys paired basic residues produces two disulphide- 
linked subunits*’*°. Such adjacent basic residues have a prom- 
inent role as endopeptidase recognition sites in the processing 
of many animal polypeptide hormones and secretory pro- 
teins*'*°*'. Although a similar linking peptide has not been 
demonstrated for the legumin precursor, examination of the 
deduced amino acid sequence upstream from the N terminus of 
the basic subunit reveals an unusually high content of the basic 
amino acids and the presence of an Arg-Arg sequence only five 
residues from the N-terminal amino acid. Although this may be 
a processing site, clearly further peptidolytic processing would 
be required to produce the N-terminal glycine. Similar 60,000- 
M, legumin precursors have been demonstrated for Vicia faba* 
and Glycine max (unpublished results), suggesting a common 
processing mechanism. 

The relatively long half life of the legumin precursors 
established by in vivo labelling*’** is in accordance with the 
above suggestions, and implicates a secondary membrane 
system distinct from the endoplasmic reticulum, such as the 
Golgi apparatus, in this processing. Harris** has suggested that 
the Golgi apparatus may be involved in the post-translational 
modifications and internal secretion of seed proteins, and it is 
known that the processing of proinsulin is carried out in this 
membrane system. 

Results to be published elsewhere suggest that, like legumin, 
the vicilin polypeptide precursors*'* are synthesized only from 
high molecular weight mRNAs (17S) and these vicilin mRNAs 
are also derived from genes present in single or low copy number 
in the pea genome, 
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Much of our present understanding of macromolecular archi- 


tecture has come from the extrapolation to large molecules of 


rules derived from analysis of small molecules. This is ex- 
emplified by the work of Pauling et ai.’ on polypeptide con- 
formation, which depended on the insight afforded by the crystal 
structures of individual amino acids and some dipeptides. Now 
that accurate protein crystal structures are available, it appears 
that most of the hydrogen-bonding patterns that are observed 
have already been found in the structures of small molecules. 
Thus we can learn much about weak interactions in proteins by 
analysing small molecule crystal structures. Here we comment 
on the existence of hydrogen bonds between two carboxyl 
groups, forming what amounts to the acid salts of monobasic 
carboxylic acids. We believe these interactions are more 
important in stabilizing the structures of protein crystals and 
multi-subunit complexes at low pH than has been realized 
previously. Furthermore, the interaction contributes to hydr- 
olytic activity and may be involved in inter-subunit recognition. 

Speakman’ has described type A and B monobasic acid salts 
of general formula MHX,. Examples of type B, having the 
formula M*X”.HX, rubidium hydrogen bisglycollate hydrate? 
and potassium hydrogen di-p-nitrobenzoate*. On the other 
hand, type A salts have formally equivalent X units requiring the 
O...H...O bond to be situated on a symmetry element. For 
example, the carboxyl groups in the crystals of potassium hy- 
drogen bisphenyl acetate are related by a centre of symmetry* 
and, of more interest here, sodium hydrogen diacetate has a 
dyad axis relating the acidic groups’. Only one proton is 
involved in the interaction so that the carboxyl groups adopt an 
offset arrangement which allows a variety of conformations. We 
have defined these conformations in terms of five angles and the 
distance of the hydrogen bond (see Table 1). The remaining 
negative charge in the case of the small molecule is balanced by a 
nearby cation, M. The structures of many such acid salts have 


been reported and it is not surprising to find that they exist in | 


proteins. Table 1 shows some typical carboxyl group dimensions 
for these salts. 
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‘Pronase’, a crude extract from cultures of Streptomyces — 
griseus, contains several distinct proteolytic enzymes, of which 
the crystal structures of protease A (SGPA) and protease B. 
(SGPB) have been refined at high resolution. Each has a dis- 
tinctive carboxyl-carboxylate hydrogen bond as an essential 
intermolecular interaction. SGPB crystallizes in space group 
P2,2,2 from 1.2 M KH>PO,, pH 4.2 (ref. 7). Refinement has 
given an R factor of 14.9% for the data to 1.7 A. From Fig. 1a, 
which shows the region around the crystallographic dyad, it can 
be seen that the Glu 137 residues (192A) form a close inter- 
action. (Numbers in parentheses refer to alternative numbering 
schemes™®.) This relationship is precisely that found in type A 
acid salts and the separation is consistent with a very short 
hydrogen bond (see Table 1). Note that there is no balancing 
cation as observed in the small molecule structures. 0255 could 
perhaps be considered a cation but the occupancy and tempera- 
ture factor would be consistent only with H,O*. However, in 
every case where an oxonium ion has been examined in a crystal, 
there is a pyramidal arrangement with three hydrogen bonds of 
~2.6 A (ref. 8). The hydrogen bond from Glu 137 O" (192A) to 
Cys 162 N (220) will partly counteract the extra negative charge 
because of the peptide dipole. At pH ~4, partial protonation of 
a glutamic acid side chain (pK, = ~4.3) is expected. Removal of 








Fig. 1 The carboxyl-carboxylate interactions in S. griseus protease B and 
penicillipepsin. In each case, the hydrogen bond is shown as a dotted line but 
for clarity the other hydrogen bonds have been omitted. a, Type A inter- 
action in SGPB viewed in the direction of the dyad axis parallel to c. The 
contour level is 0.6e Å, For ease of identification the residues of the 
twofold-related molecule have had 500 added to their sequence numbers. 
b, Type B interaction of the two catalytic residues in penicillopepsin, Asp 
33(32) and Asp 213(215). The contour level is 0.5 e A~*. c, The second type 
B interaction in penicillopepsin involves Asp 115(114) and Glu 16(13). The 
contour level is 0.45 e Å, 
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Table 1 Distances and angles for carboxyl-carboxylate interactions 





Compound Ky K3 K3 Ka Ks d (A) Type 
Rubidium bisglycolate hydrate 172.6 172.6 57.0 115.7 120.6 2:93 B 
Potassium hydrogen di-p-nitrobenzoate 175.5 149.0 81.3 109.7 140.4 2.49 B 
Potassium hydrogen bisphenyi acetate IIT 180.0 177.7 113.9 113.9 2.44 A 
Sodium hydrogen diacetate 166.8 1377 166.8 110.8 110.8 2.45 A 
Imidazolium hydrogen maleate“ 49.8 38.7 49.6 109.6 109.2 2.37 A 
SGPA 168.2 130.9 54.9 118,5 116.1 2.51 B 
SGPB 173.0 159.5 173.0 112.5 112.5 2.49 A 
Penicillopepsin Asp 33-Asp 213 123.8 149.8 147.1 159,0 147.4 2.88 B 
Penicillopepsin Glu 16-Asp 115 168.4 134.1 163.7 123.1 113.0 219 B 
Actinidint 168.6 174.8 168.0 124.5 119.5 Zl B 
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The angles are defined with respect to the carboxyl groups assigned, for type B acid salts, such that subscript numbers 1-4 refer to the —COOH and, 


for proteins, to the group of lower sequence number. 0, O 
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Torsional angles: «,, C1C2-0405; x2, C204-0O;5C3; K3, O405-C7Cg. Bond angles: Ka, C,0,0s; KS, 0,05C>. Distance: d, O,-O5. Angles are 
measured in degrees. Standard deviations for the small molecule structures are of the order of 0.01 A for bond length, 0.1° for bond angle and 0.2° for 


the proton by raising the pH leads to repulsion of the two 
negative charges, which in turn destabilizes the crystals and at pH 
values >4.5, both SGPB and SGPA crystals dissolve. In a paper 
describing the refinement of SGPA, Seilecki et al." present the 
interaction between the carboxyl group of Asp 123 and the 
terminal carboxyl group of Leu 242. This hydrogen-bonded 
interaction is of type B and includes a charge neutralizing Na”. 
The two carboxyl groups arise from separate molecules and thus 
contribute to the stability of the crystal structure. Parameters for 
this interaction are also included in Table 1. 

The crystal structure of the aspartyl protease, penicillo- 
pepsin'’, has recently been refined at 1.8 4 resolution to an R 
factor of 13.6% (to be published). The carboxyl groups of the 
two catalytic aspartyl residues, Asp 33(32) and Asp 213(215), 
also share a proton at pH 4.4, the pH of the native crystals. These 
carboxyl groups are at the junction of the two large domains of 
the aspartyl proteases, at the bottom of the substrate-binding 
cleft. Their spatial arrangement is different from the examples 
given above (see Fig. 1b). As in SGPB, there is no balancing 
cation for the type B acid salt in penicillopepsin. However, the 
excess negative charge is in part balanced by the proximity of 
several peptide dipoles'’. The carboxyl groups are also arranged 
so as to provide an electrophilic proton as well as to help stabilize 
the inter-domain junction. Furthermore, pepsin is reported'* to 
have a slightly raised pK, for Asp 215(213) which is as expected 
where two carboxyl groups are maintained in close contact. That 
such a juxtaposition can cause an unfavourable interaction is 
seen in the structure of Rhizopus chinensis pepsin, where the 
homologous aspartyl residues adopt a totally different dis- 
position to relieve the repulsion evident at pH 6.5 (ref. 15). 

A further example of this is found in penicillopepsin (Fig. 1c), 
where the juxtaposition of the carboxylate of Asp 115(114) with 
that of Glu 16(13) demands that they share a proton, but the 
torsion angles (see Table 1) in this case seem more in keeping 
with a type A structure, although the small molecule data may 
not be representative. This seems to be associated with the 
additional presence of a hydrogen-bonding amide group from 
Asn 118(117) which donates the proton from Asn 118 N** to 
the other oxygen O°! of Glu 16 (d = 2.91 A). It can be seen that 
the carboxyl group of Glu 15 is not involved directly with these 
interactions. 

The values of torsion angles x,;—-«3, bond angles «x, and xs, and 
bond length d, for the proteins examined are not unusual when 
compared with those of the acid salts (Table 1). However, the 
values of «4, xs for the Asp 33(32)—Asp 213(215) interaction in 
penicillopepsin are appreciably higher and the distance separat- 
ing the oxygen atoms is slightly longer than in the other ex- 
amples. This is consistent with the less than ideal arrangement of 
proton sharing expected if the proton is to take part in catalysis. 

The imposition of a restricting, near-neighbour arrangement 


for two carboxyl groups can lead to an anomalous pK,. Thus, the 
cis-double bond of maleic acid leads to the high pKa of 6.1 as 
compared to that of 4.4 for the trans-isomer, fumaric acid. In 
proteins it seems unlikely that an anomalous pK, may arise from 
an analogous restrained environment around two carboxy! 
groups. Unfortunately the unambiguous assignment of 
anomalous titration data to particular carboxyls in proteins does 
not coincide with the highly refined structures available. For 
example, the actinidin structure at pH 5.9 (ref. 16) shows a type 
B acid salt interaction between glutamic acid residues 50 and 86 
but no titration data are available. In the case of tobacco mosaic 
virus there is ample evidence for anomalous carboxyl groups'”""* 
but their interactions, although almost certainly of the type we 
describe, are not yet known in sufficient detail’?*”. 

We may conclude that the carboxyl-carboxylate interaction is 
an important stabilizing force in protein—protein interactions at 
low pH and, at higher values, may occur more frequently than 
previously believed in association with an anomalous pK.. 
Conversely, the unambiguous detection of an anomalous pK, 
for acidic groups in proteins can be, and often is, a sign of 
carboxyl—carboxylate interactions of the type described here. 
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THIS is a sober and sobering book. 
Professor Tisdell was asked ‘‘to prepare an 
independent background report on the 
subject of priority assessment in science 
and technology for the Australian Science 
and Technology Council’’. His book is an 
expansion of this report. Don’t assume 
that it is of interest only to Australians: 
the prospects for Britain might be less 
depressing if a number of senior civil 
servants and members of the present 
government were to be given three days’ 
leave in order to read the book and ponder 
its message. 

When Queen Victoria came to the throne 
the pursuit of science, like the pursuit of 
literature, was a career for the self- 
employed, often subsidized by payment 
from some other occupation. T.H. Huxley 
earned his living at first by teaching; 
Anthony Trollope by inspecting post- 
offices. The notion that there was need for 
a science policy would have been as crazy as 
the notion that there was a need for a policy 
among poets and novelists. 

By the time Queen Elizabeth came to the 
throne all this had changed. Poets and 
novelists could still pursue their stars 
without deviations caused by governments, 
but scientists were no longer immune from 
influence. The critical time was the year 
when the government grant to universities 
exceeded 50 per cent of their total income. 
There was no dirigisme at first, of course. 
The taxpayer had become paymaster and 
patron of science but initiative was left, 
still, to individuals. But the seeds of 
dirigisme had been sown. We are now 
painfully reaping the harvest: a rank 
growth of policy-documents, technology 
assessment, predictions about research and 
development. The public interest is now 
called a “customer” and the laboratory 
worker a ‘‘contractor’’: science by mail 
order. 

This is, of course, the inevitable result of 
the staggering successes of science applied 
to human needs (though in one sense it 
would be more accurate to say science 
applied to human destruction). Govern- 
ments have realized that research and 
development is too important to be left to 
industry alone. More and more scientific 
research — both pure and applied — is now 
the “property” of the taxpayer, whose 
money pays for government research 
establishments, the grants from research 
councils and a great deal of the costs of 
universities. The scientist, provided he is 
willing to work on problems for which he 
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can get grants, can adapt himself to this 
situation. It is the customer who is in a 
dilemma. He has to draw upa shopping list 
and he hasn’t enough money to pay for all 
the science he would like to have. So he has 
to decide priorities. And since ‘‘he’’, in a 
pluralistic democracy, is the social welfare 
function — the consensus of society — the 
task of deciding priorities is, on rational 
criteria, insuperable. The best one can do is 
to make provisional choices on imperfect 
evidence. 

Tisdell’s book is a manual of advice for 
those who make such choices. His starting 
points are the lists of research and develop- 
ment objectives published by OECD and 
the EEC, They are taxonomic lists of no 
great value. He then discusses an issue of 
special relevance to countries with small 
economies (compared with the giants), 
namely how much science should such 
countries import and exploit? And to what 
extent should such countries rely on their 
own springs of initiative in pure research? 
There is, he explains, a trade-off between 
the import of ideas and their local 
production. The- profit to be made out of 
the exploitation of a new idea will vanish as 
soon as some (so called) less developed 
country starts marketing it at a fraction of 
the manufacturing cost. 

The bulk of Tisdell’s book is taken up 
with an analysis, well documented and sup- 
ported by quantitative data, of the research 
and development policies of large 
economies (Germany, Japan, Britain and 
the USA) and small economies in the 
OECD (Belgium, Canada, Netherlands, 
Sweden and Switzerland). In all of these 
countries there is some formal procedure 
for setting priorities, sometimes well co- 
ordinated, sometimes (notably in Britain) 
fragmented among different government 
departments. For a while these procedures 
were conducted by bureaucrats and experts 
without reference to the public and without 
canvassing public opinion. This, as Tisdell 
demonstrates, is no longer practicable or 
desirable. Not only does the public want to 
participate through public interest groups 
— that is proving difficult enough — but 
also there are surges of pressure to change 
the order of priorities. Thus in the 1950s the 
assumption was to use profit and market 
success as the units for assessing research 
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vationalized science and technology 


and development. Then in the 1970s the 
assumption was challenged; improvement 
of the quality of life rose higher in the 
shopping list. Now we are back again to less. 
exalted objectives: in a world depression, 
the high priority is to survive economically 
by capturing markets, and this has cometo 
be the short-term aim of research and 
development. 

In a sombre last chapter, Tisdell asks the 
questions — though of course he cannot 
supply the answers — that spin round in the 
policy-maker’s mind all the time. Everyone 
admits that the optimum social welfare 
function cannot be derived from individual 
welfare functions; no one has a politically 
practicable alternative except to bring to 
politics the techniques of the oriental 
marketplace: haggling, trade-off and 
bluff. Not everyone, but many thoughtful 
people, admit that high unemployment 
among untrained people is a consequence 
of much modern technology; no one has a 
remedy for this evil except to repeat plati- 
tudes about making education more 
relevant (hardly a practicable proposal for 
schools on their present starvation diet). 

At one point Tisdell suggests three 
options opén to governments for science 
and technology: to try to slow down the 
rate of change; to let change proceed 
unplanned, in which individual govern- 
ments and industries pursue their own self 
interest “‘with scant regard to the common 
good’’; to establish collective or social 
priorities (and, I would add, international! 
priorities) for the programme of change in 
science and technology. The first of these 
options is as feasible as stemming the tide; 
the second is an open cheque for chaos; the 
third is the only tolerable option. But willa 
nation as pluralistic as the United States, or 
as socially polarized as Britain is these days, 
adopt this option? President Carter’s call 
for austerity to cope with ‘‘the moral 
equivalent of war’’ didn’t meet with much 
response; Britain’s attitude to the Brandt 
Report hasn’t provoked a surge of 
altruism. The question, often asked and 
not yet answered, is whether human 
communities can make painful adaptations 
to avoid a breakdown in economic order 
before it comes; or whether, like communi- 
ties of animals and plants, the adaptations 
will follow only as a response to a harsh 
environment after its effects have begun to 
bite. It is a sign of his anxiety that Tisdell 
turns at the end of his book to Daniel Bell's 
ominous book on the post-industrial 
society, with its “lack of an ordering 
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mechanism to make social choices”. 
Tisdell warns: “We may all know that 
collectively we are heading for tragedy but 
individual self-interest of nations and of 
individuals may necessitate the tragedy to 
be played out’’. In a sensational pamphlet 
on doom such a sentence as this might be 
shrugged off. In an economist’s sober 
report to the Australian Science and 
Technology Council, the sentence has a 


ring of integrity and conviction; for Tisdell 
offers an antidote to despair: ‘‘A fall in 
exports and in living standards could be 
worthwhile from the point of view of 
achieving more basic ends”’. n 


Lord Ashby was formerly Master of Clare 
College, Cambridge. His most recent book, 
written with Mary Anderson, is The Politics of 
Clean Air (Clarendon/Oxford University Press, 
1981.) 


From myth to methodology 


C.K. Brain 


Bones: Ancient Men and Modern Myths. 
By Lewis R. Binford. Pp.320. ISBN 0-12- 
100035-4. (Academic: 1981.) £24.20, 
$36.50. 


Ir is perhaps surprising that a new book by 
one of the most influential of archae- 
ologists should deal, not with cultural 
remains, but with bones. By way of 
explanation, Lewis Binford observes that 
almost all of our ideas on the behaviour of 
prehistoric men have been based on 
interpretations of faunal remains and their 
depositional context — not, as so many 
textbooks would lead one to believe, of 
stone tools. So, in discussing re- 
constructions based on bones, Binford has 
significant things to say about the proper 
conduct of scientific enquiry as well as 
about the behaviour of early man. 

Most of the inferences that have been 
drawn about the nature and activities of 
our prehistoric ancestors are seen by 
Binford as little more than ‘‘myths of 
prominent men’’. Some of these concepts 
may well have been accurate, but uniess 
they were the products of a robust and 
reliable methodology for giving meaning to 
bones, they remain myths based on the 
opinions and perhaps even the biases of the 
investigating archaeologists. In traditional 
archaeology, Binford believes that 
concepts about early man have often been 
judged in accordance with the status of the 
archaeologist who propounded them. ‘‘We 
desperately need to abandon the technique 
of evaluating men and adopt the strategy of 
evaluating ideas’’, he writes, for in the 
absence of methodology it is people’s 
reputations that are reshuffled. 

The kind of methodology proposed by 
Binford as an alternative to myth-making is 
embodied in what he calls ‘‘middle-range 
research’’, A crucial characteristic of 
theories resulting from such research is that 
they are intellectually independent of the 
arguments about the phenomena they are 
used to illuminate. As an example, Binford 
cites the case of carbon-14 analysis, where 
independent physical research had 
established a reliable body of theory about 
the relationships between living organisms, 
atmospheric '4C and rates of degeneration 
of the radioactive isotope. Such relation- 


ships have been put to good use by archae- 
ologists wishing to date organic remains 
preserved at their sites. 

Apart from philosophical con- 
siderations of myths and methodologies, 
the main aim of the book is to provide a set 
of objective criteria for the recognition of 
human influence in the accumulation of a 
bone assemblage. What are the 
characteristic patterns of bone 
modification produced by non-human 
agents and how can these be distinguished 
from human modes of bone alteration? In 
attempting to answer these questions, 
Binford has drawn on his own extensive 
observations of Nunamiut Eskimos and 
their dogs in Alaska, as well as of wolves 
that inhabit those parts. He has provided a 
wide-ranging review of relevant work done 
elsewhere and has set up a convincing array 
of diagnostic criteria for separating 
hominid- from non-hominid-built bone 
accumulations. 

Finally, in the third part of the book, 
Binford applies his methodology to bone 
assemblages from Olduvai Gorge, making 
use of data provided by Mary Leakey in 
Vol. 3 of Olduvai Gorge. As Clark Howell 
has pointed out in the foreword to 
Binford’s book, these data were not 
collected for this specific purpose and so 
are not ideal. Nevertheless, some bold 
conclusions have been reached by Binford, 
such as that there is no evidence that 
Olduvai hominids hunted, or that they 
made use of base camps to which food was 
carried to be shared. Instead, our hominid 
ancestors are seen as having been 
scavengers at discarded carnivore kills 
where hammerstones were used to break 
open leg bones to extract marrow. 

Binford’s book is a major, if 
controversial, contribution to the rapidly 
expanding literature on the new science of 
taphonomy. Already his conclusions are 
being challenged, for example by H.T. 
Bunn (Nature 291, 574-577), and it will be 
interesting to follow the fortunes of his 
ideas under the impact of the rigorous 
methodology that he so eloquently 
advocates. E 


C.K. Brain is Director of the Transvaal 
Museum, Pretoria, South Africa. 


Nature’s plumbing 
Philip England 


Geysers and Geothermal Energy. By John 
S. Rinehart. Pp. 223. ISBN 3-540-90489-1. 
(Springer-Verlag: 1981.) $22.50, DM 38. 
Geothermal Resources: An Energy 
Alternative. By Harsh K. Gupta. Pp. 227. 
ISBN 0-444-41865-2. (Elsevier Scientific: 
1981.) $61, Dfl. 125. Geothermal Systems: 
Principles and Case Histories. Edited by L. 
Rybach and L.J.P. Muffler. Pp. 359. 
ISBN 0-471-27811-4. (Wiley: 1981.) £22, 
$52.25. Geothermal Systems. By John 
Elder. Pp. 508. ISBN 0-12-236450-3. 
(Academic: 1981.) £20.60, $49.50. 


STATED simply, a geyser is a water system 
to which mass and/or heat are added untila 
portion of the column is super-critical. At 
some stage nucleation of boiling occurs in 
this region and the consequent expansion 
partially empties the water column, 
reducing the pressure within it and leading 
to further boiling in the decompressed 
system, with spectacular eruptions of 
steam and water at the surface. The 
diversity of style and periodicity of geyser 
eruptions results from the almost endless 
variations on this theme which are possible 
given the multiple recharge—discharge 
systems occurring in nature. 

In Geysers and Geothermal Energy John 
Rinehart has provided a detailed — one 
might say an affectionate — catalogue of 
these idiosyncrasies, together with the 
complex hydrological interpretations of 
them, when available. He also discusses 
briefly the geochemical and environmental 
aspects of geysers. One disappointing 
aspect of the book is that not enough 

ttention is paid to the central process of 
geyser eruption: the problems of boiling 
initiation and bubble nucleation are dealt 
with in a cursory fashion. In other respects 
the book provides all the information on 
geysers that the layman or student could 
reasonably ask for. There is, in addition, 
one chapter of 15 pages on geothermal 
energy. 

The remaining three books reviewed 
here all approach geothermal systems by 
way of an outline of plate tectonic theory, 
mantle convection and the present dis- 
tribution of tectonic activity, and then 
diverge along lines that are to be expected 
from their formats. Gupta’s Geothermal 
Resources is one of Elsevier’s series on 
Developments in Economic Geology, and 
attempts to cover every aspect of the 
subject at the expense of the brevity whicha 
200-page format imposes on such an 
approach. The book is a review of the 
subject, covering everything from Earth 
structure and the basics of heat transfer 
(although convection is treated solely in 
terms of Newton’s law of cooling) to 
production technology and world energy 
problems. The level and quality, however, 
are considerably lower than either of the 
two remaining books. The section on 
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global dynamics is not good, and nothing is 
dealt with in adequate detail. Further, the 
material is not particularly up-to-date and 
for a book of its price and brevity it has 
been poorly edited. 

Geothermal Systems: Principles and 
Case Histories, a collection of papers 
edited by Rybach and Muffler, concen- 
trates on specific topics. Following an 
introduction on geothermal anomalies and 
global tectonics, there are contributions 
on heat and mass transfer in hydrothermal 
systems, geothermal prospecting, heat 
extraction from reservoirs and resource 
assessment and environmental aspects, on 
which lucid and informative reviews (with 
up-to-date references) have been provided 
by people active in these particular fields. 
The reviews fill two-thirds of the book, the 
remainder consisting of case histories from 
various geothermal fields. These latter 
papers provide roughly the same sequence 
of information — geological framework, 
history of exploration, present-day 
exploitation — but are of a more variable 
quality than the first part of the book. The 
areas covered are the low enthalpy resource 
of the Pannonian Basin, the use of steam 
for electrical power generation from the 
Krafla field in Iceland, the Takinoue field 
in Japan and the Ahuachapan field in El 
Salvador, and the Jemez geothermal! field 
— which contains high- and low- 
temperature hydrothermal systems as well 
as hot dry rocks. The book concentrates on 
the geological and geophysical aspects of 
geothermal energy extraction, so that there 
is little information on the engineering 
problems or the economics of this source of 
power, 

To a greater extent than is usual for a 
collection of papers, this volume does 
succeed in giving a coherent picture of the 
subject. Credit for this must go to the 
editors who have chosen judiciously the 
areas to concentrate on and, I suspect, 
exerted some unifying influence on the 
contributions in the last one-third of the 
book. 

if the antipodean reader were to feel that 
the geothermal fields of New Zealand are 
given unduly little attention in Rybach and 
Muffler’s book, this hole is firmly plugged 
in Elder’s volume of the same title. The 
book ought more properly to be called 
Hydrothermal Systems, as the possibility 
of extracting heat from dry rocks is not 
addressed. Instead, Elder provides a 
comprehensive survey of the mechanisms 
of heat and mass transfer within the Earth, 
at a higher level, but in a style which will be 
familiar to readers of the Bowels of the 
Earth. | am not referring to the use of 
anatomical analogies; that aspect is, merci- 
fully, absent from the book (one may 
imagine the emunctory analogues which 
could be produced for hydrothermal 
systems). 

The approach Elder adopts is more that 
of the engineer than of the applied mathe- 
matician or physicist; as he explains in the 
preface, this arises from a natural desire to 


avoid deducing from first principles a set of 
results that are inconsistent with our obser- 
vations of the Earth. It leads him to 
produce models for each system that he 
investigates which are characterized by 
pragmatism and simplicity, and which 
permit him to estimate order-of-magnitude 
figures for everything from global partial 
melting to the motion of steam bubbles in 
mud. Such an approach can be extremely 
successful (more so with bubbles than 
partial melt) but depends on the amount of 
common ground one shares with Professor 
Elder; certainly, it beats deriving every 
aspect of water~rock interaction from the 
second Law of Thermodynamics, but it 
can be carried too far. After 400 pages of 
models being pulled out of whichever hat 
Professor Elder is wearing, either one 
suspends critical faculties and accepts each 









model at face value (rather than working 
out the extent to which it matches ge 
logical reality), or one starts to feel th 
for a more explicit physical base to wh 
being said. This is more of an error of 
judgement than a major drawback and _ 
there is much to gain from such a refreshing 
approach to the subject. 

My only other criticism is of a similar 
order: the first 160 pages of this book are 
devoted to global tectonics and the origin 
and emplacement of magma bodies: aside 
from the fact that a newcomer to the 
subject would gain from it an impression 
that no geophysicist or geologist has 
worked on these problems, this is surely an 
over-long introduction. c 


Philip England is in the Department of 
Geological Sciences, Harvard University, 


Ecology: a Japanese perspective 


John Lawton 


Comparative Ecology, 2nd Edn. By Y. Htô. 
Edited by Jiro Kikkawa. Pp. 436. ISBN 
hbk 0-521-22977-4; ISBN pbk 0-521-29845- 
8. (Cambridge University Press: 1981.) 
Hbk £22.50, $54; pbk £9.95, $19.95, 


SCIENCE, like pop music or haute couture 
has fads and cliques, although scientists 
like to pretend otherwise. Ecology is no 
exception, with too many groups isolated 
to a greater or lesser extent by language, 
geography, tradition and the impossibility 
of reading even a fraction of the relevant 
literature. Contact between European, 
North American and Japanese ecologists 
has generally been good, but inevitably 
many papers in Japanese go unread by 
English-speaking scientists. A major 
strength of Professor Itô’s book is to 
summarize and publicize work originally 
published in Japanese — roughly ten per 
cent of the entries in the long and compre- 
hensive bibliography are in this category. 

That said, I have to admit that I found 
the book heavy going, not because of Jiro 
Kikkawa’s excellent translation, but 
because of the almost overwhelming mass 
of detail which It6 compresses between the 
covers, organized around a single unifying, 
but in the end not wholly convincing, 
theme. 

For It6, the animal kingdom is divided 
into beasts of the two sorts. On the one 
hand are those opting for high fecundity, 
living in environments where food for their 
young is easily procured; and on the other 
are species whose young enter a more 
hostile world, displaying low fecundity and 
parental care as a consequence. The whole 
of population dynamics, territorial 
behaviour and animal society are then 
interpreted within this simple framework. 

Ité is at pains to show how his world view 
differs from the deeply entrenched trad- 
itions of ‘‘r and K selection” more familiar 


to European and North American ecolo- 
gists. Certainly there are differences, albeit 
rather subtle. More importantly, 1t6’s view 
stands or falls on his ability to provide anm 
independent measure of food supply. On 
this fundamental point his thesis is 
distinctly shaky. Food supplies are never 
measured directly; indeed his logic is often 
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circular — if an animal displays parental 
care, its young, by definition, face an 
-impoverished habitat. 

- To be fair, I suspect that Hô hopes to 
provoke others into making the necessary 
“measurements, and like all attempts to 
-force the bewildering variety of the living 
-world into a manageable framework, his 


< vision is certainly true in parts. Thus high, 


or low, fecundities (Chapter 1) do tend to 
be associated with particular types of 
survivorship curves (Chapter 2), gener- 
ating particular patterns of population 
fluctuations (Chapter 3), and social 
systems (Chapters 4-6). But there are 
bound to be numerous exceptions, and in 
trying to force every example into one 
mould, the book sometimes makes 
- difficult reading. 

European and North American 
colleagues will also feel uneasy with those 
parts of the book which fail to incorporate 








important concepts from their own con- 
temporary literature. I noticed this particu- 
larly in Chapter 3, which deals with popu- 
lation fluctuations in a way that fails to 
reflect major advances of recent years. 

I make these criticisms very reluctantly, 
because any book which increases the flow 
of ideas and information between groups 
of ecologists is to be welcomed. Nonethe- 
less it must be said that this is not a good 
book to use with undergraduates, despite 
the fact that they may be more receptive to 
new ideas than teachers! But I do think that 
anybody interested in animal population 
dynamics and social behaviour should look 
at it, particularly for the richness and 
relative unfamiliarity of many of its 
principal characters. e 


John Lawton is a Senior Lecturer in Ecology 
in the Department of Biology, University of 
York. 


The inconstant biological membrane 


A. Silberberg 


Mechanics and Thermodynamics of Bio- 
membranes. By E.A. Evans and R. Skalak. 
Pp.272. ISBN 0-8493-0127-0. (CRC Press/ 
Blackwell Scientific: 1981.) $34.95, £26. 


Most material systems are not 
mechanically simple. The stresses which 
arise cannot be expressed by the one- or 
two-parameter relationships which, 
nevertheless, have scored enormous 
practical successes. Much of fluid 
mechanics is based on the Navier-Stokes 
equations for an incompressible New- 
tonian fluid, and much of solid state 
deformation theory on a loss-less, purely 
elastic material constitutive equation. 

The science of rheology has tended to 
bridge this gap in the engineering world, 
but in biology such complications are still 

mostly avoided. This is particularly 
reprehensible when, as is natural with 
living systems, movement of components, 
and indeed chemical reactions, have to be 
considered alongside any description of the 
stresses and strains which shape and 
confine the structural components. In 
developing the analysis of the chemical 
potential gradients along which transport 
of the various distinguishable chemical 
species will occur, the mechanical 
contribution is generally represented by a 
hydrostatic pressure gradient at most. 
Structural elements are taken out of 
consideration by being thought of as 
chemically inert and mechanically rigid. 

This book by Evans and Skalak is thus a 
most welcome newcomer. It contains four 
main sections which, following an 
introduction, cover the kinematics, the 
dynamics and the thermodynamics of 
membranes; the final section summarizes 

‘the experimental situation. Some 100 


references are given and a good index is 
also provided. The authors deal 
specifically with those membranes which 
confine cells or sub-cellular compartments, 
discussing the factors which mechanically 
govern the shape and thermodynamically 
will influence the stability of these systems. 
This is, to my knowledge, the first 
systematic attempt to develop the 
considerations basic to the field in 
textbook form. The book is thus highly 
recommended to all workers in physiology 
and biophysics — to all scientists, in fact, 
who are dealing with the mechanics and 
thermodynamics of the interface in systems 
of heterogeneous and complex structure. 


A. Silberberg is the Joseph and Marian Robbins 
Professor of Biorheology in the Department of 
Polymer Research, The Weizmann Institute, 

Rehovoth, Israel. 


Electron microscopy 


@A new volume in the series Practical 
Methods in Electron Microscopy, edited by 
Audrey Glauert, has recently been published 
by Elsevier/North-Holland Biomedical 
Press. Volume 9, Dynamic Experiments in 
the Electron Microscope by E.P. Butler and | 
K.F. Hale, deals with the study of the 
response of materials to a change in state, 
using the transmission electron microscope, 
and costs hbk Dfl.195, $95; pbk Dfi.92, 
$45. 

è M.A. Hayat’s Principles and Techniques 
of Electron Microscopy: Biological 
Applications has now appeared in a second 
edition. Like its predecessor, the aim of the 
new edition is to provide a foundation in the 
biochemical concepts underlying the pre- 
paration of specimens for transmission 
electron microscopy. Co-published by 
University Park Press and Edward Arnold, 
the book costs $34.50, £27.50. 
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M.H. Key 


Laser Interaction and Related Plasma 





Phenomena, Vol.5. Edited by Helmut J. 


Schwarz et al, Pp.850. ISBN 0-306- 


40545-8. (Plenum: 1981.) $75, £47.25. 


LASER plasma interactions at high levels of 
irradiance involve a fascinating variety of 
physical processes and phenomena. 
Plasma produced in this way has many 
significant applications, arising mainly 
from the extreme energy density available. 
Laser fusion is the major motivation of 
much of the world-wide activity, but basic 
physics investigations — for example into 
X-ray lasers, energy transport in high tem- 
perature gradients and the characteristics 
of matter at extreme pressures — are bene- 
ficiaries of the technical developments 
arising from laser fusion research. 

It is difficult to produce books which 
adequately describe the state of the art in 
such a wide-ranging and fast-moving field. 
The well-tried formula of a compilation of 
contributions from specialist authors has 
the best possibilities and the present vol- 
ume is the latest in a series of this genre. 

The old editorial team of H.J. Schwarz 
and H. Hora has been strengthened by 
M.J. Lubin and B. Yaakobi of the 
University of Rochester, and the book 
presents contributions from an 
internationally representative panel of 37 
scientists who lectured at a workshop in 
1979. I find that the book provides a better- 
organized selection of material than some 
of the earlier volumes; it has a mix of basic 
reviews and current research topics, and 
therefore offers something both for those 
researching in the same field and for those 
with a more general interest. 

There are five major sections, covering 
lasers and alternative pulsed power 
sources, interaction experiments, general 
considerations for fusion, fusion-related 
experiments and interaction theory, and 
here the reader is given a fairly good guide 
to the topical issues of 1979-1980. The 
review material covers subjects such as new 
lasers, free electron lasers, light ion beams, 
new fusion fuels, high-density diagnostics, 
target manufacture, soliton theory, 
Rayleigh-Taylor instability, stimulated 
scattering and Stark broadening of high Z 
ion lines. It is generally authoritative and 
up to date. The descriptions of more 
detailed research activities have inevitably 
become somewhat dated, though 
specialists will find them useful as sources 
of reference to past work. 

I feel researchers in the field will want 
access to this book as a valuable 
compendium of information, while non- 
specialists may wish to consult one or more 
of its review sections. e 


M.H. Key is Deputy Head of the Laser Division 
at the SERC Central Laser Facility, Chilton, 
Oxfordshire. 


nae eanememn etme emanate meneame meinem nemamnerrieemnene enero cena nnenneennnne nena amen nnn c nate RTT TTT 


7 January 1982 


i 


Nature Vol 295 14 January 1982 





85 





nature 


f 


C a i; Pr 
lik ra C4: àa Ya 4 
Daane, Á COmargy kA 
Crem, Ae è 
a? 
Ber |, ARG rin i 


Torn, 





14 January 1982 


“FIP o i 4 6 8 
Creationists and science in schools 


Creation science has rightly been denied a licence in Arkansas on the grounds that it 
is religion in disguise. The educational implications are even more sinister. 


The creationists may have lost the battle in Arkansas, but they 
are unlikely now to abandon the war on which they are engaged 
Science educators everywhere, but especially in the South, had 
better reconcile themselves to that The United States courts are 
notoriously a means by which determined if misguided people can 
refuse to accept the inevitable, creating confusion and widespread 
nuisance In the circumstances, it 1s important that everybody 
should be clear what the war 1s about It 1s not a war about the 
vahdity of Darwinism, however understood and glossed Nor1sit 
a war between religion and science, for some of the most 
influential evidence against the creationists in Judge William 
Overton’s court came from religious people anxious to dissociate 
themselves from the claims of the creationists The underlying 
dispute 1s between a small section of the religious community 1n 
the United States to whom the evolutionary view of the world, 
inanimate and living, ıs anathema The clam that ‘‘creation 
science’ should be taught alongside orthodox evolution as if it, 
too, were science 1s both preposterous and disingenuous 

The richest irony 1n the creationists’ case 1s the attention that ıt 
pays to the supposed flaw in Darwinism, which 1s alleged to be 
unfalsifiable experrmentally. By what logic can it be held that 
because Darwinism ıs unfalsifiable in some technical (and dıs- 
puted) sense, a set of hypotheses which 1s in the same sense 
falsifiable and amply falsified should be given equal time ın the 
curriculum of the public schools of Arkansas and elsewhere? 
How, ın the side-by-side science lessons for which they have been 
asking, would the creationists deal with questions such as the 
presence in the Earth’s crust of lead isotopes which have 
apparently accumulated over the past 4,500 million years? By 
asserting that the technically falsifiable but amply verified 
explanation of radioactive decay 1s also false? And ın that case, 
why should the proportions of radiogenic and nonradiogenic lead 
have been created at some later time ın such a way as to mimic the 
effects of geochemical differentiation? To fool us? Or to show 
that the Creator was a good geophysicist? Most religious people 
rightly and consistently dismiss such questions as irrelevant, arid 
and even sacrilegious 

Other educational questions remain Although the chief basis 
of Judge Overton’s decision was that the state law he struck down 
was unconstitutional by providing a disguise for religious 
teaching, ın many ways its requirements of science teachers were a 
more sinister threat to good sense For teachers who are not 
allowed to tell what they consider to be the truth and who are 
required to tell lies are necessarily bad teachers How are these 
epitomes of duplicity to be trained? Or ts ıt thought, ın Arkansas 
and elsewhere, that the teaching of science consists of the 
recitation of facts by teachers and feats of memory by students? 
Legally, what Arkansas had planned to ask of its teachers was an 
offence against the First Amendment The damage that Arkansas 
had unthinkingly proposed inflicting on the education of ıts 
young people would have cast a longer shadow When the issue of 
creationism in the schools comes up next, in Lousiana or 
wherever, the educational folly of giving equal time and place toa 
literal interpretation of Genesis should be given as much attention 
as its consitutional impropriety 

At the same time, some thought should be given to the way in 
which an over-litera] interpretation of the constitutional 
interdiction against religious teaching ın the public schools ıs itself 
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an impoverishment of American education Genesis may be a 
pack of hes, or of allegories, but it ıs also an important part of the 
cultural heritage So, too, 1s the Koran Is it necessary that these 
important topics should be forever ignored, or relegated to ‘‘Eng 
Lit ’’ or fuzzy courses such as “‘the world about us” sumply 
because school boards fear they may be accused of propagating 
religious views? For that matter, should the history of the world 
outside the Americas continue to be considered suitable only for 
colleges and universities? It 1s unlikely that the creationists now 
pushing for creation science would be mollified by concessions 
along these lines But school boards throughout the United States 
should not think that Judge Overton’s judgement ts an all-round 
endorsement of the present curriculum 


Selling off telephones 


Settlement of the anti-trust suit against AT&T 
will change the company — and the world 


The Justice Department ın the United States has followed the 
only sensible course by agreeing to stop its long-standing action 
against the world’s largest company, American Telephone & 
Telegraph Company (AT&T) The basis of the complaint, that 
the dominant telephone company in the United States has used tts 
profits from one kind of service (long-distance telephone calls for 
example) to subsidize other services (local telephone services) has 
im any case been overtaken by events In a long succession of 
decisions in the past decade, the Federal Communications 
Commission has balanced a relaxation of the rules restricting 
regulated telephone companies (such as AT&T) from entering 
unregulated business (such as data transmission) with 
Increasingly explicit rules against cross-subsidies If the 
Judgement in the suit had gone against the company, it would 
have seemed a nonsense ın present circumstances — and would 
have left unresolved the question of what, ın any case, should 
happen to AT&T Only the lawyers would have profited 

So does last week’s settlement presage the most radical 
transformation of American industry since Standard Oil of New 
Jersey was broken up in 1911? Not necessanly AT&T has 
undertaken to sell off its interests in those local and regional 
telephone companies across the United States which at present 
deal directly with local customers It will retain 1ts long-distance 
network and will also win the right to compete directly with 
other companies ın the telecommunications business, both 
domestically and overseas Perhaps more important ın the long 
run, the company will retain control of the Bell Laboratories (and 
of its manufacturing subsidiary, Western Electric) This 
formidable technological enterprise has hitherto functioned 
partly with one hand tied behind its back Plainly the company ıs 
now gambling on the chance that even though its assets will be 
reduced by nearly two-thirds, ıt will be able to grow more quickly 
when disencumbered of the unprofitable telephone companies 
Three uncertainties lie ahead The process of divestment may be 
more difficult than foreseen Congress and the courts may decide 
that they do not like the settlement, or some parts of ıt And the 
fields that AT&T hopes to enter are already partly occupied by 
other unregulated telecommunications companies (There would 
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have been howls of protest if the anti-trust suit against IBM had 
not also been dropped last week ) So for AT&T the future has the 
air of being an unaccustomed gamble, but a good one 

The chances are that ıt will succeed, and that the consequences 
will be profound, not merely in the United States First, the 
emerging public telephone system ın the United States will be an 
invaluable economic model for suggesting how such enterprises 
can be run on commercial lines Nowhere else 1s such a task 
attempted United States users of the telephone will most 
immediately discover that ıt costs them more to use the local 
telephone service as if ıt were unmetered water Further ahead, 
however, they will find their habits changing, and telephones will 
be used increasingly for what they are best suited for in present 
circumstances — long-distance communications It will be 
interesting to see how long telecommunications authorities 
elsewhere will be able to pretend this model 1s irrelevant to them 

The liberation of AT&T from the regulatory framework will 
also help to change the character of telecommunications For 
several years 1t has been clear that technical innovation has 
outstripped the capital resources of the industry (and the capacity 
of potential consumers to buy its products). The result 1s that 
people who read 1n the technical literature of novel kinds of office 
switchboards, facsimile transmission by satellite, electronic mail 
of various kinds and high-density communications channels, 
have to put up with the much more rudimentary means of 
communication already in service Competitition from AT&T 
should help to bring down the prices at which these novel services 
are sold More important, the entry of even a truncated AT&T 
into such fields should help to speed the exploitation of existing 
innovations as well as to sustain the pace of discovery 

But why all the bother? Can it really be of such great 
importance that people who have not yet learned to use pocket- 
sıze computers should be more able to install computer terminals 
in their living rooms? Or that people ın Europe should be able to 
watch American television (and vice versa)? There 1s a widespread 
and unhealthy scepticism prompting these and other questions 
The common underlying fallacy ıs to ignore the present 
importance of the telecommunications industry and to dismiss as 
unimportant the potential growth Yet if the industrialized world 
wishes seriously to find something with which to occupy itself ın 
the decades ahead, can ıt afford this insouciance? 


How to save a university 


The University of London is in danger of 
collapsing. It needs a recipe for survival. 


For a quarter of a century, and ın spite of a succession of 
supposed reforms, ıt has been clear that the University of London 
could not continue as ıt had become The question now 1s whether 
it can survive The request by University College, the university’s 
largest college, to be supported directly by the University Grants 
Committee and not through the university’s own bureaucracy (see 
page 88) 1s not intended as a threat to the continued existence of 
the federal structure But that is what the effect will be If 
University College gets its way, others — the London School of 
Economics, for example — will want the same, and will not easily 
be denied And even though separate financing does not of itself 
mean separation, what would be left of the university’s central 
administration would be even less able than at present to give the 
university a sense of coherence 

How, ıt will be said elsewhere, have the mighty fallen Within 
living memory, the University of London was not merely the 
largest single university ın the United Kingdom and the largest 
source of qualified physicians (which ıt still 1s) but a godfather to 
emerging universities ın Britain and elsewhere in the British 
Commonwealth The university was then an important source of 
academic qualifications (by means of its external degrees) for 
those studying on their own while, almost as a sideshow, it 
administered school-level examinations ın most Commonwealth 
countries, old and new In its heyday, the university was 
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imaginative and flexible, setting up a number of internationally 
important postgraduate institutions Although always a 
federation ın the sense of being the umbrella beneath which 
several constitutionally autonomous educational establishments 
agreed to function, the university appeared as a unified academic 
institution because its examinations and degree systems were 
administered centrally Under the pressure of disparate events, 
most of these activities have been shed The emergent universities 
have emerged, and no longer need an avuncular guiding hand 
Countries once eager for London’s services as a school-level 
examiner increasingly prefer to look after themselves The 
demand for external degree examinations fell away as access to 
universities became easier ın the 1960s And, for more than a 
decade now, the university had delegated to its constituent parts 
much of the responsibility for setting their own degree 
examinations, largely ın recognition that any common system 
must inhibit the pursuit of excellence by the stronger colleges At 
the centre of the university 1s now to be found little but an office 

The past year has snown how vulnerable 1s an entity like this 
The federation has become so loose that 1ts vice-chancellor at the 
time (Lord Annan) was less able than his colleagues elsewhere to 
protest convincingly at the British government’s decree that 
overseas students’ fees must be increased (in 1979) and at the 
proposed cut in university budgets Lord Annan did his eloquent 
best, but since last summer his successor, Professor Randolph 
Quirk, has had little choice but to hope against hope that the plans 
for retrenchment at individual colleges will somehow add up to 
compliance with the instructions of the grants committee for the 
university asa whole (The obviously necessary survey of the scale 
of teaching ın various subject areas, put in hand last September, 
will nevertheless probably come too late to provide individual 
colleges with timely guidance ) The university has promised to put 
redundant academics on a central register, and has asked colleges 
about to hire staff to think first of people being put out of work 
elsewhere within the university. So far, however, there is little 
prospect that the university will be able to put together an 
academic plan for the years ahead The committee set up to do 
just that, under Sir Peter Swinnerton-Dyer, has been pre-empted 
by events And ıf a plan should emerge by accident from the work 
of the subject review committees, the chances are meagre that this 
would be adopted by the untversity’s senate 

It will, however, be tragic if the university simply withers away 
because ıt has no way of deciding what to do or how to doit But 
time 1s so short that almost any plan will be better than none Soit 
1s that 1t falls to the vice-chancellor to do off his own bat what the 
university’s maze of committees cannot accomplish, and to say 
what the future will be like A few simplifying assumptions will 
help First, University College (bigger than many other British 
universities) 1s, like Imperial College, big enough to look after 
itself but should pay for its financial independence with 
unbreakable promises of help for the smaller fry Itis absurd, for 
example, that research facilities remain as jealously protected as 
they are, or that colleges wishing to provide specialized teaching 
must usually provide ıt for themselves Second, the London 
School of Economics merits a similar degree of independence by 
its success 1n recruiting students from overseas 

Third, the vice-chancellor’s chief concern should be with the 
rest of the university — seven or eight smaller colleges and a host 
of postgraduate institutes The past few months have shown 
clearly that even willing partners in schemes for collaboration are 
given pause by the stark truth that collaboration cannot preserve 
jobs at all the institutions concerned, and may also hurt the 
academic pride of many of the teaching departments The moralis 
that there should be an academic plan for these smaller 
components of the University of London that will, in due course, 
make collaboration between them natural and relatively painless 
Any plan would enable these small but distinctive parts of the 
university to know where they are likely to be standing some years 
from now No plan ıs a recipe for the further erosion of the 
university — or even for an agreement among the rump that ıt too 
would like collective independence In that case, there would be 
nothing left 
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Arkansas verdict against creation science 


But battle 
now to move 
to Louisiana 


Washington 

Last week’s ruling by a federal judge in 
Little Rock, Arkansas, that a state law 
requiring equal treatment of ‘‘creation 
science” and Darwinian evolution in 
public schools 1s unconstitutional, repre- 
sented a significant victory for those who 
have argued that, even without any explicit 
reference to the Bible, such laws violate the 
required separation of church and state 

Yetif this particular battle has been won, 
the war against the creationists 1s far from 
over Indeed both the publicity given to last 
month’s trial in Arkansas and the apparent 
reasonableness of the demand for 
‘‘balanced treatment’’ have in some ways 
helped the creationists’ case Only minutes 
after Judge William Overton had 
announced his verdict, the state Senate ın 
Mississippi passed by a substantial 
majority a virtually identical bill to the one 
which had just been declared uncon- 
stitutional in Arkansas 

Judge Overton was uncompromising in 
his criticisms of Act 590, passed hurriedly 
by the state legislature ın March during the 
closing hours of its 1981 session Declaring 
creation science as having ‘‘no scientific 
merit or educational value’’, he said that 
‘*the conclusion ıs inescapable that the only 
real effect of Act 5901s the advancement of 
religion’”’ 

The verdict came on a suit against the 
State which had been brought by the 
American Civil Liberties Union (ACLU) 
on behalf of 23 local religious 
organizations, biology teachers and school 
children ACLU had asked that the judge 
overturn the law on the grounds that the act 
constitutes an establishment of religion, 
abridges the academic freedom of both 
teachers and students, and 1s impermissibly 
vague, ‘‘all ın violation of the constitution 
and laws of the United States’’ 

During ten days of hearings at the 
beginning of December, ACLU produced 
a series of religious and scientific witnesses 
to support its arguments The former 
developed the claim that, whatever the 
wording of the act, they felt 1ts intention to 
be clearly religious, since the particular set 
of circumstances which ıt implied for the 
origins of the Earth was only compatible, 
among available descriptions, with the 
version that appears in the Bible 

Scientists called to testify on behalf of 
ACLU disputed claims made by creationist 
groups that conventional evolutionary 
theory 1s so full of holes that the alternative 
hypotheses they support are at least 


sufficiently plausible to deserve a hearing 
in a public school classroom They also 
claimed that creation science did not meet 
the criteria for scientific theories generally 
accepted by the scientific community, 
although this was disputed by some of the 
creationist witnesses produced by state 
attorney general Steve Clark as part of his 
defence of the law 

In the end Judge Overton — as had been 
widely expected — agreed with ACLU’s 
position But the strength of his criticisms 
of the supporters of the bill surprised even 
those who had been expecting a favourable 
verdict In a 38-page written opinion, the 
judge provided a detailed description of the 
reasons why he found none of the 
creationists’ claims convincing and said 
that they had admitted that the law was ‘‘a 
religious crusade coupled with a desire to 
conceal this fact” 


The judge criticized the creationists for 
not taking data and weighing them against 
alternative scientific data in an empirical 
way to reach their conclusions Rather, he 
said, ‘“‘they take the literal wording of 
Genesis and attempt to find scientific 
support for ıt” 

The verdict was, predictably, welcomed 
with relief by the scientific community 
The American Association for the 
Advancement of Science, whose annual 
meeting in Washington last week had spent 
much time discussing the implications of 
the creationist controversy, issued a 
statement saying that, ın Arkansas at least, 
‘teachers now can get back to teaching 
science, and students can get back to 
learning’’ 

Similarly the National Association of 
Biology Teachers, co-plaintiffs ın the 
ACLU sutt, said that it was ‘‘gratified’’ by 


Creationism judged a religion, not science 


Washington 

In his verdict, Judge William Overton 
said that the evidence presented during 
the ten-day trial ‘‘established that the 
definition of ‘creation science’ has as its 
unmentioned reference the first 11 
chapters of Genesis”, and that ‘‘ref- 
erences to the pervasive nature of 
religious concepts in creation science 
texts amply demonstrate why state 
entanglement with religion 15 
inevitable’? under the Arkansas law, 
referred to as Act 590 

“The two-model approach of the 
creationists ıs simply a contrived 
dualism which has no scientific factual 
basis or legitimate educational 
purpose”, Judge Overton wrote ‘‘The 
emphasis on origins as an aspect of the 
theory of evolution 1s peculiar to 
creationist literature Although the 
subject of origins of life is within the 
province of biology, the scientific 
community does not consider origins of 
life a part of evolutionary theory ”’ 

In line with arguments that had been 
presented by the American Civil 
Liberties Union, Judge Overton stated 
that the essential characteristics of 
science were (1) that ıt ıs guided by 
natural law, (2) that it has to be 
explanatory by reference to natural law, 
(3) that it ıs testable against the 
empirical world, (4) that its conclusions 
are tentative, that 1s, are not necessarily 
the final word, and (5) that ıt ıs 
falsifiable Creation science, he said, as 
defined ın the Arkansas act, failed to 
meet these essential requirements 

‘‘Some of the state’s witnesses sug- 
gested that the scientific community 
was ‘close-minded’ on the subject of 
creationism and that explained the lack 
of acceptance of the creation science 


99 


arguments,” Judge Overton wrote 
“Yet no witness produced a scientific 
article for which publication had been 
refused Perhaps some members of the 
scientific community are resistant to 
new ideas Itis, however, inconceivable 
that such a loose-knit group of indepen- 
dent thinkers ın al] the varied fields of 
science could, or would, so effectively 
censor new scientific thought 

“The methodology employed by 
creationists 1s another factor which 1s 
indicative that their work 1s not science 
Ascientific theory must be tentative and 
always subject to revision or abandon- 
ment ın the light of facts that are ın- 





The next biology lesson ts taken from the 
Book of Revelations 


consistent with, or falsify, a theory A 
theory that 1s by 1ts own terms dog- 
matic, absolutist and never subject to 
revision Is not a scientific theory ”’ 

As he had indicated during the court 
proceedings last month, Judge Overton 
made no direct reference ın his ruling to 
the status of evolutionary theory as a 
sclence David Dickson 
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the ruling, claiming that ‘‘school boards 
can now resist pressure to include 


creationism in science classes’’ Indeed, as 


aresult of the Little Rock decision, aschool 
board ın Tacoma, Washington, last week 
stopped requiring the teaching of 
creationism in biology classes 

However, the dispute ıs not going to 
wither away and the next major test will 
come later this year in Louisiana, which 
also passed a law requiring equal treatment 
for creation science and evolution 1n its 
public schools last year Ms Martha Kegel, 
the executive director for the state’s ACLU 
chapter which ıs mounting a comparable 
challenge to that raised in Arkansas, said 
last week that she was ‘‘elated’’ not only by 
Judge Overton’s verdict, but by the 
detailed critique of creation science that he 
had developed on the basis of the testimony 
delivered during the Little Rock trial 

Yet the Louisiana case 1s far from clear- 
cut In the first place, the local judge 1s 
under no legal obligation to take Judge 
Overton’s verdict into account, since ıt 18 a 
separate jurisdiction 

Second, the Louisiana bill omits some of 
the detailed provisions of the Arkansas 
law, for example its stipulation that 
creation science must include the notion 
that the Universe, energy and life were 
created ‘‘from nothing’’, a requirement 
which several religious witnesses said 
clearly implied the necessary existence of a 
creator ACLU claims that this change 
only exacerbates the extent to which the bill 
ıs unconstitutionally vague, the 
creationists hope that this revision will 
remove the basis for some of the strongest 
objections 

Third, leading members of the creation- 
ist movement are likely to take a much 
more active role in the prosecution of the 
Louisiana case than they were permitted to 
do in Little Rock 

Meanwhile in Arkansas the state 
attorney general has yet to decide whether 
to implement his previous promise that he 
would appeal against the verdict if ıt went 
against him. And in ACLU, contingency 
plans are being discussed for Mississipp1, ın 
case it 1s decided that the law should be 
contested there as well David Dickson 


University of London 


Separatists emerge 


The University of London, parts of 
which already live with the threat of 
bankruptcy, now faces balkanization as 
wel] Last week, University College, the 
largest multidisciplinary college in the 
university (with 6,000 students) formally 
asked that ıt should ın future be dealt with 
financially as if ıt were an independent 
university, with its own grant allocation 
from the University Grants Committee 

The demand ıs more like gauntlet thrown 
down before the university’s management 
than a unilateral declaration of indepen- 
dence Sir James Lighthill, Provost of 
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University College, nevertheless says that 
the college would continue to play a full 
part im the university even if, like Imperial 
College, ıt were directly financed 

Especially since last summer’s delayed 
allocation of funds to the London colleges 
by the court of the university, University 
College has been a fierce critic of the 
court’s procedures Last year, Sir James 
Lighthill won acceptance of the principle 
that a college’s success in obtaining 
research grants should count — ın its 
favour — ın the annual distribution The 
precedent for his latest move 1s Imperial 
College, which has been directly financed 
for the past two decades 

The problem now facing the university 
court, the ultimate authority which shares 
out funds among the colleges, 1s tricky Itis 
certain to regard financial independence 
for University College as a dangerous pre- 
cedent But the court must also be 
conscious that with the impending retire- 
ment of the principal (its chief officer), Mr 
J R Stewart, together with some of his 
more experienced colleagues, its ability to 
administer its funds intelligibly may be 
further impaired 

Discontent about the court’s procedures 
has been simmering since the summer, 
when the court translated the grants 
committee’s targets for 1983-84 into 
financial allocations for the present 
academic year and target student numbers 
for two years ahead One difficulty for the 
colleges ıs that they are required to adjust 
to reduced budgets without knowing 
whether their individual plans for the 
future will add up to what the grants com- 
mittee expects of the university as a whole 


This gap will be bridged only after the 


publication (expected next week) of the 
reports of the committees set up in 
September to consider the balance of 
teaching ın broad subject areas 

Meanwhile, the non-medical parts of the 
university have made little headway with 
reorganization The announced bethrothal 
of King’s College and Bedford College has 
not led to marriage but to an agreement to 
associate The plan for an association 
between Queen Elizabeth College (the 
smallest in the university) and Imperial 
College has been put on ice, partly because 
Queen Elizabeth College could not accept 
that the association should be contingent 
on conditions, such as the provision of new 
buildings, that could not be satisfied for 
some time to come 

The late starters have on the whole done 
best Chelsea College, faced with starkly 
reduced numbers and the continuing cost 
of buying its new site, began the academic 
year with a draconian plan which entailed 
the elimination of whole departments, and 
is now in a position to make substantial 
economies while softening its plan And 
Royal Holloway College, blessed with a 
huge site 20 miles from central London, 1s 
being reluctantly courted by various suitors 
hopeful that they may be able to turn their 
city sites into handsome downtes 


Academic censorship 


Shadow ahead 


Washington 

Admiral Bobby Inman, deputy director 
of the US Central Intelligence Agency, last 
week dismissed as ‘‘somewhat disingenu- 
ous” the blanket claims of scientists to 
scientific freedom ın the light of arrange- 
ments routinely made with private, 
corporate sources of funding, and said that 
the overlap between technical information 
and national security ‘‘inevitably produces 
tension” 

Admiral Inman, who as head of the 
National Security Agency under the Carter 
Administration started a dialogue with the 
scientific community over how to handle 
potentially sensitive but unclassified 
research in cryptography, also urged co- 
operation between scientists and security 
agencies to find a mutually acceptable 
relationship ‘‘before significant harm does 
occur which could well prompt the federal 
government to overreact’” He suggested 
that a potential balance between national 
security and science ‘“‘may he in an 
agreement to include in the peer review 
process (prior to the start of research and 
prior to publication) the question of 
potential harm to the nation’’ 

The admural’s remarks, delivered to a 
session forming part of the annual meeting 
of the American Association for the 
Advancement of Science (AAAS) in 
Washington, provoked a strong protest 
from some of the scientists present 

Professor Peter Denning, for example, 
professor of computing at Purdue Uni- 
versity and president of the Association for 
Computing Machinery, claimed that 
efforts to restrict the publication of 
technical research data reflected a growing 
protectionist mood in the government 
which would stifle scientific communi- 
cation and ultimately prove destructive to 
the growth of new technologies 

Responding to such concerns, the board 
of directors of the AAAS later passed 
unanimously a resolution opposing 
government restrictions on the dissemin- 
ation, exchange or availability of unclassi- 
fied knowledge Others who took part ın 
the AAAS session, however, accepted that 
the issue was not clear cut, and that many 
of the government’s concerns were 
legitimate — even if they had occasionally 
been executed over-zealously, or had had 
their legal ambiguity exploited ın the past 

Dr Mary Cheh, for example, professor 
of law at George Washington University, 
said in a paper on the government control 
of private ideas that the real question was 
not whether the government was justified 
in Imposing secrecy on scientific research, 
but how far its efforts should be permitted 
to go 

Similarly, Congressman Paul Mc- 
Closkey presented a paper, read ın his 
absence, describing his legislative efforts to 
introduce a new bill aimed at clearing up 
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the ambiguities that allowed the govern- 
ment to prosecute The Progressive for pub- 
hshing an article on how the hydrogen- 
bomb works, even though ıt was based on 
material taken from public library shelves 

As Admiral Inman and others pointed 
out, however, the debate over the national 
security implications of scientific research 
is no longer purely a military question, 
linking up directly with concerns about the 
“‘export’’ of commercially valuable infor- 
mation through open publication 

“Some of our most carefully nurtured 
technological advances have suffered from 
a haemorrhage of foreign technology 
transfer from international trade — the 
licit or illicit selling of everything from 
chips to detailed manuals — to explicit 
espionage efforts”, the session was told by 
Mr Daniel C Schwarz, an attorney who, as 
general counsel to the National Security 
Agency, had helped draw up the proposed 
prepublication review procedure for 
cryptography research 

Admiral Inman also suggested, though 
emphasizing that he was expressing a 
personal opinion only, that there were 
several other fields such as computer 
hardware and software, lasers, crop pro- 
jyections and manufacturing procedures 
where publication of certain technical 
information ‘‘could affect the national 
security ın a harmful way’’ 

He also reacted to the charge that the 
National Security Agency had not 
- provided public proof of 1ts concerns about 


Relative prosperity 

A gıft of $1 million from Mr Harold 
McGraw, chairman of McGraw-Hill 
the publishers, has ensured that work 
on the Einstein papers can continue to 
completion But Dr John Stachel, the 
editor of the project for the past four 
years, says that although the gift 1s 
enough to ensure continuity, more 
money will be needed if the staff of the 
project ıs to be increased from two (at 
present) to the desired four or five 

For the time being, work 1s concen- 
trated on the early years of Einstein’s 
academic life The intention ıs to 
include not merely extant letters and 
published papers but also ancillary 
documents Dr Stachel 1s pleased to 
have come across already a letter of 
commendation from Eunstein’s even- 
tual colleagues at the Eidgenossische 
Technische Hochschule (ETH), Zurich 
(where Einstein went from the Patent 
Office in Berne) saying, ın effect, that 
although Einstein was a Jew, he was 
‘*quite a nice Jew, not like the others’’ 

At this stage nobody 1s prepared to 
guess how long the project will take, or 
how many volumes wil] eventually be 
published (by Princeton University 
Press) although there will certainly be a 
score of them Dr Stachel expects to be 
working on the project for twenty years 
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the potential damage that could be caused 
by the publication of the results of crypto- 
graphy by arguing that such information 
was often even more sensitive than the 
basic information itself 

‘*Nowhere ın the scientific ethos 1s there 
any requirement that restrictions cannot, 
or should not, when necessary be placed on 
Science’, he said ‘‘Scientists do not 
immunize themselves from social responsi- 
bility srmply because they are engaged ina 
scientific pursuit ”’ 

He quoted several other areas, such as 
controls on genetic engineering research or 
on the protection of proprietary data, in 
arguing that there was nothing inherently 
wrong with an attempt to impose restric- 
tions on science ‘‘Some of these restric- 
tions are common sense, some are federal 
requirements, some are simply good 
business and some are good science,” 
Admiral] Inman said David Dickson 


Polish crisis 


Exiled students speak 


Paris 

Poland’s ‘‘independent student 
association’’ was disbanded last week by 
order of the Mimistry of Science, Higher 
Education and Technology According to 
this decision, the association was 
disbanded for continuing militant activity 
after the declaration of martial law 
Activists had, ıt ıs alleged, continued to 
distribute leaflets calling for strikes and 
other protest actions which represented a 
**flagrant violation of the decree on martial 
law” 

The day after the decree, a group of 
Polish students, stranded ın the West by 
the declaration of martial law, set up a 
“coordination group of the independent 
student association” with a provisional 
office in Paris The group intends to work 
mainly for the relief of academics and 
students interned in Poland under the 
martial law regulation At a press 
conference ın Paris last week, however, ıt 
stressed that the current situation, with the 
threat that oaths of loyalty must be taken 
by academics and students who wish to 
continue working in the universities, will 
prove disastrous for higher education in 
Poland 

It has therefore asked students 
throughout the world to press for the 
liberation of the interned students, and for 
all intellectuals to take a similar stand 
concerning intellectual and academic staff 
In particular, ıt called for a boycott of 
scientific, economic and sporting 
cooperation with ‘‘representatives of 
Jaruzelski, Moscow and the Eastern bloc’’ 
until martial law 1s lifted in Poland 

One of the speakers at the conference, 
Miss Anna Krajewska, a philosophy 
student from Kracow, said that one of the 
major ‘“‘sins’’ of the independent student 
association had been tts participation in a 
plan to create a new international student 


organization independent of all political 
slant or affiliations 

Recent announcements by General 
Jaruzelski’s military government has 
accused the association of ‘“‘striving to 
create a new anti-socialist student 
international organization and at the same 
time to break up the existing international 
students’ association’’ (a reference to the 
Prague-based and socialist-oriented IUS) 

According to official statements in 
Poland, the Ministry of Science, Higher 
Education and Technology (which 1s at 
present without a minister) feels sure that 
members of the former independent 
student association will ‘‘judge correctly’’ 
the extremist leaders who ‘‘abuse the 
confidence’ of rank and file students By 
taking up studies, says the ministry, and 
“respecting the law”, they can be sure of 
preserving their student status This 1s a 
clear hint that the current process of 
political ‘‘verification’’ now taking place 
in Polish industry will be imposed on 
students before they are allowed to resume 
their studies A meeting last week between 
the rectors of medical academies and 
political leaders suggests that ın medical 
schools the process will be introduced even 
more rapidly and strictly Vera Rich 


British medical research 


Vacancy filled? 


DrJ D (‘‘Dai’’) Rees, from Unilever, 1s 
for the time being the Medical Research 
Council’s preferred appointment as director 
of its National Institute for Medical 
Research at Mill Hill, ın suburban London 
An appointment has become necessary 
because Sir Arnold Burgen, the present 
director, ıs leaving ın the summer to 
become the Master of Darwin College, 
Cambridge A definite proposal has not yet 
been put to Dr Rees, it 1s understood 

Dr Rees has been connected with the 
Medical Research Council for the past two 
years, since his part-time appointment as 
co-director of the council’s Biophysics 
Unit based at King’s College, London 
Recently he has played an important part in 
suggesting anew management structure for 
the National Institute, which has an annual 
budget of £8 million Part of this proposal, 
on which senior staff at the institute are 
being consulted, 1s that the new director 
should be advised by a four-member 
management committee empowered to 
determine the general pattern of research 

Dr Rees, in his early forties, is a 
carbohydrate chemist by background who 
has established a dazzling reputation at 
Unilever by his work leading to the 
development of polysaccharides capable of 
lending physical structure to otherwise 
fluid materials The technique 1s now used 
commercially in the manufacture of ice 
cream and of instant desserts 

More recently, Dr Rees has turned to cell 
biology, including the study of cell 
movement on surfaces 
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Dr Rees’s obvious attractions as director 
at Mull Hull include his combination of 
individual experience with his reputation as 
a scientist and his formidable reputation 
for getting on well with people 

Among the questions to be settled before 
an appointment can be offered are an 
appropriate salary — the director of Mill 
Hill has traditionally been a physician 
whose salary has been linked with those of 
medically qualified academics There 1s 
also a question of the new director’s 
freedom to make appointments of his own 


US agricultural aid 
Balance for all 


Washington 

A report by the General Accounting 
Office (GAO), the investigative arm of the 
US Congress, criticizes the ability of US 
universities to carry out agricultural 
research and technical assistance relevant 
to the needs of Third World countries 

The report, recently published in Wash- 
ington, focuses on the impact of legislation 
passed by Congress ın 1975 which directed 
the Agency for International Development 
(AID) to find ways of strengthening and 
improving the involvement of US univer- 
sities in solving the food problems of the 
developing nations. The action by Con- 
gress was meant to halt the decline in AID 
research grants to universities which had 
taken place ın the early 1970s and covers 
projects totalling about $400 million 

After a detailed assessment of the 
various initiatives taken under the new 
legislation, an amendment to Title XII of 
the Foreign Assistance Act, known as 
‘Famine Prevention and Freedom from 
Hunger”, the GAO concludes that pro- 
gress ın achieving its goal had been slow 
and ın some cases virtually non-existent 

The debate over the relationship 
between AID, Third World needs and the 
US research community has considerable 
significance for US foreign policy In- 
creased assistance for agricultural research 
was one of the recommendations that won 
universal endorsement — including that of 
President Ronald Reagan — at October’s 
summit meeting ın Cancun, Mexico 

The Reagan-appointed administrators 
of AID, who see Title XII as providing a 
firm basis for switching the emphasis of 
foreign aid towards technical assistance, 
particularly in agricultural research, claim 
that parts of the GAO report create an 1m- 
pression ‘‘which seriously understates the 
very substantial progress made during the 
first five years of Title XII’ 

However, Mr Herbert L Beckington, 
the agency’s inspector general, commen- 
ting on a draft report, said that in general 
AID accepts its recommendations and ın- 
tended to carry them out And AID deputy 
administrator Mr Joseph Wheeler told a re- 
cent meeting of the Board for International 
Food and Agricultural Development that 
plans were already under way to issue a 


policy directive clarifying the agency’s 
commitment to the Title XII concept and 
to make implementation more effective. 

AID officials emphasize that the 
legislation was originally intended to 
ensure that US universities with a tradition 
of agricultural research received adequate 
support to enable them to provide technical 
assistance to developing nations, a 
capability which they claim was eroded ın 
the early 1970s as foreign-aid policy 
switched to commodity and credit 
agreements They accept many of the 
criticisms of the way ın which technical 
assistance programmes have worked out ın 
practice The GAO investigators, for 
example, found that many AID field 
missions distrusted teams sent out by US 
universities, claiming that members of such 
teams often lacked relevant experience of 
the problems they were meant to tackle. 

The GAO report also criticizes the AID 
contract procedures ın universities In 
some cases, for example, ıt 1s claimed that 
the agency has taken up to two years to 
approve the award of a contract to a 
particular university In addition, ıt says 
that the resource registry used to 1dentify 
the best institutions and individual 
resources 18 not up to date, contains 
inadequate information and ıs cumber- 
some to use 

Supporters of Title XII within AID, who 
feel that their efforts to implement the 
legislation effectively received only 
lukewarm support from the Carter 
Admunistration, have generally welcomed 
the GAO report and hope that the new 
Administration will prove more 
sympathetic David Dickson 


Drug regulation in Brazil 


Troubles building 


Rio de Janeiro 

The inauguration last month of a new 
headquarters for Brazil’s National 
Institute for Health Quality Control 
underlines the urgent need to bring order to 
the chaotic system of marketing 
pharmaceuticals ın Brazil Over the past 
ten years, Brazil has licensed on average 
8,000 new brand names for drugs each year 
and the country 1s among the most liberal in 
the developing world for allowing the 
exploitation of pharmaceutical products 

Brazil now ranks sixth ın the world for 
pharmaceutical sales, and the market 1s 
dominated by the multinational companies 
which lobby ın Brasiha against tighter 
regulatory measures Import licences are 
issued by the Ministry of Commerce 
which registered US $55 million of 
‘pharmaceutical drug imports’’ and $300 
million under the category ‘‘other 
pharmaceutical additives’’ during the first 
three months of 1981 Total sales last year 
amounted to almost $2,000 million, or six 
times the amount spent for all public health 
programmes ın the country 

Last month Brazil’s president, General 


Figueiredo, opened a new $5 million seven- 
point star-shaped building for the National 
Institute for Health Quality Control and its 
director, Eduardo Peixoto, outlined the 
institute’s main role — that of 
‘‘moderating the free flow of licensing of 
pharmaceutical products in Brazil’? Such 
steps are clearly needed, but the institute’s 
predecessor, the National Secretariat for 
Health Vigilance (SNVS), given the 
responsibility for registering and 
controlling drugs sıx years ago, did not seta 
good precedent Its Central Control 
Laboratory functioned for three years with 
only two technicians, at the end of which 
ome ıt received its new name — and now 
after a further three years, a new building 

In the absence of effective controls, 
Brazil’s pharmaceutical industry has gone’ 
on expanding despite the general economic 
recession, with the biggest growth area 
being psychotherapeutic drugs Almost all 
drugs can be sold over the counter ın any 
pharmacy without a prescription and the 
average consumption per person 1s several 
trmes greater than ın developed countries 

One of the most alarming problems ıs the 
indiscriminate use of antibiotics 
Antibiotics are routinely bought to treat 
colds, and with six of the ten best-selling 
drug products being antibiotics there have 
been many examples of falsification by 
private laboratories and distributors The 
Maerson Laboratory of Sao Paulo was 
providing hospitals with ‘‘zirieillin’’ and 
‘‘ampicillin’’ capsules which ın fact 
contained pure starch And in Rio de 
Janeiro, after a series of complaints from 
consumers, Roche Laboratories 
discovered that their Bactrim balsam had 
been the victim of large-scale falsification 
by distributors and that several Rio 
pharmacies were selling an adulterated 
product diluted to half its normal 
concentration A further abuse of 
antibiotics came to light last November 
when the respected Adolfo Lutz Institute 
of Biology confirmed the accusation made 
by the president of the Pharmaceutical 
Association of Sao Paulo that the milk sold 
in Sao Paulo contained antibiotics used as 
preservatives 

In a recent report, Dr Carlyle Guerra de 
Macedo, a consultant to the World Health 
Organization, denounced the ‘‘in- 
efficiency of official controls which 
permits the marketing of many dangerous 
drugs’’ Many drugs are still available in 
Brazil, even with no prescription, long 
after they have been prohibited ın the 
United States And many of the products 
on sale contain no warnings about the 
possible harmful effects of abuse These 
problems are further complicated by the 
fact that in many pharmacies the staff are 
inadequately trained and know little about 
the products they sell 

The list of faults in the Brazilian way of 
marketing drugs 1s extensive, and the 
revitalized National Institute for Health 
Quality Control faces a daunting task 

Maurice Bazin 





0028-0836/82/020090 01 $01 00 


© 1982 Macmillan Journals Lid 


Nature Vol 295 14 January 1982 


91 


Eee 


UN technical development 


Licence to spend 


Washington 

The General Assembly of the United 
Nations has agreed on a new financing 
system which came into operation at the 
beginning of the year, aimed at supporting 
efforts by developing nations to build up 
their scientific and technological 
capabilities 

In effect the resolution prolongs for one 
more year the interim arrangements for 
Carrying out an ambitious plan of action 
agreed at the UN Conference on Science 
and Technology for Development 
(UNCSTD), held in Vienna in 1979 
However, the form of the final 
arrangements 1s still under discussion 

The money so far received for the plan of 
action remains far below target While it 
was agreed ın Vienna, for example, to set 
up an interim fund under the auspices of 
the United Nations Development 
Programme (UNDP) to attract voluntary 
contributions of at least $250 mullion 
during 1980 and 1981, less than $40 million 
has been formally pledged 

The new resolution talks of setting up a 
financing system which would raise an 
annual $200 million over 1983-85 Several 
UN observers feel that this, too, 1s wildly 
optimistic, pointing out that Congress has 
even deleted the $10 million the United 
States was to have contributed to the fund 
from the foreign aid bill signed by 
President Reagan in November 

Perhaps more significant than the 
financial targets, however, has been the 
outcome of a dispute running since before 
the Vienna conference over who should 
control the distribution of the funds 

At UNCSTD the interim fund was 
established under UNDP, but at the same 
time a new Center for Science and 
Technology was created within the United 
Nations, under a new assistant director- 
general, whose principal responsibility was 
to provide secretariat services for an Inter- 
governmental Committee, open to all UN 
member states The committee has had 
broad responsibility for the policy 
directions taken by the fund, but despite 
the strong efforts of some of the more 
militant developing countries, ıt was not 
given direct control of the fund 

During recent negotiations in New York 
on the resolution to set up a financing 
system that could be approved by the 
General Assembly, several of the more 
advanced developing nations again pressed 
for the Center for Science and Technology 
to be given greater responsibility for 
distributing funds — č č | 

Other countries opposed this move, 
however, on the grounds that if the 
management of the fund became too much 
an instrument of the more militant 
members of the Group of 77, this would 
further reduce the chances of the fund 
recelving significant resources from the 
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developed nations 

Eventually, the latter view prevailed 
The financing system approved by the 
General Assembly will have transferred to 
it the projects and personnel that now 
make up the interim fund, with the Inter- 
governmental Committee involved 
primarily through a small subgroup which 
will negotiate with potential donors The 
resolution does not mention the centre 

It ıs hoped in New York that during the 
first year of these arrangements, definite 
procedures can be devised for raising 
donations from both developed and o1l- 
producing countries along the lines 
endorsed by 20 developing nations at a 
meeting in Caracas ın early October 

Observers ın Washington remain 
sceptical Although the State Department 
has offered moral support for the new 
Initiative, Congress eliminated from the 
foreign aid bill $38 million which was to 


have gone to another special fund, the, 


International Fund for Agricultural] 
Development, on the grounds that much of 
the promised OPEC contribution had 
failed to materialize In New York there 1s 
more optimism that a pragmatic 
compromise between political demands 
and technical needs can eventually be 
found David Dickson 


Biotechnology 


Going Dutch 


Brussels 

Dutch biotechnology researchers are 
awaiting with keen interest a report due 
early this year which 1s to define areas 
deserving future investment A 
government-sponsored committee was set 
up last May under the chairmanship of 
Professor Schilpoloord of the University 
of Leiden with the aim of coordinating 
research ın the Netherlands and increasing 
its emphasis on commercial applications 

The committee, which brings together 
experts from industry, the governmental 
applied research organization (TNO) and 
universities, 18 a by-product of the Dutch 
government’s drive to stimulate innovation 
which was launched on the basis of a 1979 
white paper which recommended that the 
government invest ın new technologies 

A sum of 4 million guilders (£870,000) a 
year has been set aside for the bio- 
technology committee to allocate to 
selected projects This ıs already being 
spent, with researchers at the University 
of Groeningen the first to benefit The 
committee 1s expected to make recom- 
mendations on priority areas for funding 
which will include not only commercially 
viable projects but also related needs for 
developing, testing and producing 
genetically engineered microorganisms on 
a commercial scale 

The construction of a laboratory for 
work at P3 containment level 1s ın progress 
under the aegis of TNO, and work should 
be completed ın 1983 Whether the new 
laboratory will be used as soon as it 1s ready 





Cold comfort 


Bombay 

India has launched its first scientific 
expedition to Antarctica A group of 20 
scientists left Goa last month aboard the 
Polar Circle, a 600-tonne ship chartered 
from Norway The cruise to Antarctica 
and back 1s to last 80 days and should 
include a total of 15 days actually on the 
ice doing experiments 

The Indian expedition 1s being led by 
DrS Z Qasim, secretary to the Depart- 
ment of Environment and former 
director of the National Institute of 
Oceanography ın Goa 

The Antarctic expedition, which will 
cost approximately £1 3 million, 1s one 
of several major projects of the newly 
created Department of,Ocean Develop- 
ment, directly under Prime Munister 
Indira Gandhi The expedition team 
consists of scientists from ten 
organizations including the National 
Institute of Oceanography, the Indian 
Meteorological Department, the 
Geological Survey of India and the 
Indian Institute of Geomagnetism Two 
Norwegian scientists are with the 
expedition to assist in the operation of 
specialized equipment from Norway 

As well as collecting oceanographic 
and weather data, the expedition team 
will be looking for samples containing 
evidence that India was part of 
Antarctica before ıt broke away some 
100 million years ago During the cruise 
the ship will survey the ocean bed for 
nodules 

India becomes the third developing 
country after Chile and Argentina to 
reach Antarctica — shortly to be 
followed by China, which ıs planning to 
send its first expedition this year So far 
there are no plans for a permanent 
Indian research station in Antarctica 

K.S. Jayaraman 


depends on advice from another committee 
set up last May — the Committee on the 
Ethical Implications of Genetic 
Engineering This panel includes 
theologians, a professor of ethics, 
scientists and doctors, and 1s chaired by a 
former politician, Mr Oele 

At present the committee 1s undecided 
whether to go ahead with a separate report 
on research at P3 level followed by a 
general report or to leave the first issue to 
the final report even though ıt may mean 
the laboratory 1s unused for a while 
Research at PI and P2 Jevels 1s currently 
subject to authorization by municipal 
authorities but P3 research will be agreed 
on at national level Industry ın the 
Netherlands is at present battling against 
some decisions by municipal authorities 
which are alleged to be overcautious and 
restrictive As an official of the govern- 
ment’s science policy department 
confessed, ‘‘in Holland the whole issue 1s a 
political can of worms? Jasper Becker 
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Data on dioxin 


Sır — In discussing the metabolism of 
chlorinated dioxins, Alastair Hay! reviews the 
epidemiological evidence for an association 
between soft tissue sarcomas and phenoxy 
herbicides 

In fact the evidence ın favour of an 
association 1s much stronger than he suggests 
He fails to mention that ın addition to the 
findings of the surveys of two different groups 
of Swedish agricultural and forestry workers 
exposed to phenoxy acids and 
chlorophenols2,3, studies of industrial workers 
exposed to these substances during 
manufacture 1n ye Unıted States have also 
been publi review of four such studies# 
showed, fhat3 of 105 deaths ın the workers 
ugdér observation had been due to soft tissue 
sarcomas This compares with 0 07 per cent of 
deaths ın the total population of US males 
aged 20-84 Since the publication of this 
review a fourth (non-fatal) case of soft tissue 
sarcoma has been reported ın one of these 
groups of mens A fifth case has been 
described in an employee of one of the 
American firms but it 1s not clear whether he 
was under observation as part of one of the 
published cohorts® 

The Finnish study quoted by Alastair Hay 
has not followed a sufficient number of men 
for a long enough period to furnish other than 
weak negative evidence The study 
might easily have missed an increased 
relative risk of five 

The epidemiological data cannot at present 
distinguish between a risk due to 2,4,5-T itself 
(or to related herbicides) and one which 1s due 
to contaminants of these compounds 


et ee ee 


E D ACHESON 
MRC Environmental 
Epidemiology Unit, 
University of Southampton, UK 
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Beat the clock 


Sir — The anonymity of journals’ referees has 
been much discussed A common nuisance 1s 
the tardy referee who sits on papers sometimes 
for months, and about whom authors can do 
little I believe these could be dealt with 
effectively if the anonymity of referees were 
maintained for say a month from dispatch to 
them of the manuscript After that the editor 
would automatically pass on the identity of the 
offender to the authors who could, and 
usually would, then take up the cudgels 
directly on their own behalf 

I am sure this simple measure would effect a 
speedy acceleration of the turnover time of 
papers ın editorial offices Many of us who are 
sometimes authors, sometimes referees, 
would, I am sure, accept this constraint on our 
latter function ın the interests of our former 


P C WILKINSON 


Department of Bacteriology 
and Immunology, 
University of Glasgow, UK 


Niche work 


Sır — Concerning H G Pickles’ imagined 
“very small niche indeed’’ (Pharmacology 
Issues, Nature 1 October 1981, p 355) for 
Journal of Ethnopharmacology compared 
with Journal of Cardiovascular Pharmacology 
I propose that more people can certainly 
be directly involved and interested ın what 
plants they can eat or apply therapeutically or 
in any other useful way (because anyone may 
pluck, cultivate or look for plants) than can be 
directly involved ın cardiovascular drugs 
(because they are not readily available) 

All the best to cardiovascular pharmacolo- 
gists, but please watch out for the relegation to 
niches (To be honest, I did think I was writing 
esoterica when I submitted my first article to 
Journal of Ethnopharmacology but there 
must be a lot of people out there 1n a lot of 
very small niches, because I received 48 reprint 
requests immediately following publication 
and they are still dribbling ın ) 


HowARDH HIRSCHHORN 


Arlesheim, Switzerland 


Morphic field sports 


Sır — The rather intemperate reaction of 
Nature to Sheldrake’s hypotheses (24 
September 1981, p 245), against which 
Josephson has protested (Nature 15 October 
1981, p 594), 1s in part the result of 
Sheldrake’s own choice of Bergsonian — or 
Paracelsan — explanations for the effect he 
postulates, and ın part the result of 
noncommunication between biology and 
physics 

Had Sheldrake said that the quantum 
interconnectedness might extend to 
macrosystems, including biological systems, I 
do not think that Nature would have felt that 
its virginity was in peril A model of inter- 
connectedness does ın fact flow from Bohm s 
idea of explication The experimental agenda 
1s to see how far beyond the subatomic level 
this patterning extends If particles correspond 
to the asteroids and space-ships of a video 
game, appearing to behave as objects subject 
to cause-effect, but being ın fact virtual 
displays built up from pulses which bear no 
translational resemblance to the ‘‘display’’, 
Darwinian evolution might well be (some 
would say, ‘‘must be’’) a video game of the 
same order, appearing to follow simple 
selection—adaptation principles, as the game- 
pieces appear to collide, explode and so on — 
but in fact determined by information from an 
implicate substrate 

The relevance of interconnectedness to 
middle-order systems looks like a prime 
candidate for confirmatory research If ıt were 
confirmed, Sheldrake would be both right in 
principle and wrong 1n his postulated 
mechanism of ‘‘morphic fields’? viewed ın 
this way, his suggestion 1s far from absurd 

One awaits with interest Nature’s reaction to 
the first book which points out that Bohm’s 
model also blows up the convention of 
Helmholtzian mind That suggestion might 
prove even more alarming than a physics- 
based neovitalism 

ALEX COMFORT 

UCLA Neuropsychiatric Institute, 
California, USA 


Dead-end theory 


Sır — Ina recent letter Darnbrough, Goddard 
and Stevely (Nature 2 December 1981, p 302) 
have argued in support of Creationism They 
claim that given belief ın a God who reveals 
Himself in the structure of nature they ‘‘expect 
to find evidence consistent with His revelation 
of Himself’? In their view ‘‘the fact that all 
things exist, and show evidence of design and 
purpose” 1s the only form of empirical 
evidence providing support for Creationism 

In their arguments, your correspondents 
have forgotten that evidence which 1s merely 
consistent with a theory does not necessarily 
support that theory An illustration of this 1s 
that all possible evidence 1s consistent with the 
hypothesis that one minute ago a God created 
everything ın the Universe, including our 
memories Clearly, for an observation to be 
consistent with a theory 1s only a necessary but 
not sufficient condition for ıt to provide that 
theory with evidential support 

A fundamental problem with creation 
theories 1s that because the mechanisms 
proposed are supernatural, the theories fail to 
provide an explanation of natural phenomena 
which can be further investigated, developed 
and understood In fact, unlike present 
evolutionary theory, all theories which invoke 
a supernatural creator are scientific dead ends, 
failing to lead to new knowledge 

This difference between creation theory and 
modern evolutionary theory can be illustrated 
by considering how each handles anomalous 
evidence Darnbrough, Goddard and Stevely 
claim that such evidence tends to be put to one 
side to await future investigations which will 
either show the evidence to be erroneous or 
permit its asssimilation into the original 
theory They neglect to point out that the 
development of creation theory through time, 
unlike evolutionary theory, has been one long 
retreat from the evidence In order to 
assimilate anomalous evidence, numerous ad 
hoc changes have been made to creation 
theory Such alterations were made ın respect 
to the age of the Earth, the number of centres 
of creation, the number of separate creations 
and catastrophes through time, and the 
existence of variation within species, to name 
only the better known examples Meanwhile, 
evolutionary theory has not been without its 
own troubles, as the current debate over 
possible rates of evolution shows However, in 
the past, anomalies have been assimilated into 
evolutionary theory ın a non ad hoc manner, 
leading to the further articulation and 
development of the theory This 1s a major 
difference between the two theories 

What 1s being claimed here is that 
evolutionary theory 1s explanatory and has a 
heuristic function which helps our 
understanding of‘natural phenomena to grow 
Creation theory, however, 1s a pseudo- 
explanation which aids us not at all in our 
understanding of nature and leads us nowhere 
Naturally individuals may hold any 
metaphysical beliefs they wish, but the 
introduction of the notion of supernatural 
creation into scientific explanations should be 
resisted as contributing nothing, or worse, to 
our understanding of the world 


MALCOLM HADDON 
Department of Zoology, 
University of Otago, Dunedin, New Zealand 
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Europe probes the auroral 


FORMALLY opened by HM The King of 
Sweden on 26 August 1981, the European 
Incoherent Scatter programme (EISCAT) 
has begun its experimental task of probing 
the auroral ionosphere.with ultrahigh fre- 
quency (UHF) radar. Next year, the very 
high frequency (VHF) transmitter should 
be commissioned and, after some 
frustrating delays due to transmitter prob- 
lems, the system will then approach full 
operation. 

The idea of a high-power radar in nor- 
thern Scandinavia was mooted at the 1969 
General Assembly of URSI, the Interna- 
tional Union of Radio Science. Following 
years of planning and negotiations an 
agreement between national scientific 
organizations of six European countries, 
setting up the EISCAT Scientific Associa- 
tion with headquarters at Kiruna (Sweden), 
entered into force in December 1975. Three 
of the associates — CNRS of France, MPG 
of the German Federal Republic and SRC 
(now SERC) of the United Kingdom — 
each contribute one-quarter of the fun- 
ding, the remainder coming from the ‘Nor- 
dic’ Associates — SA of Finland, NAVF of 
Norway and NFR of Sweden. Total capital 
expenditure to date is about £13 million. 

The incoherent scatter technique’, en- 
visaged? in 1928 but not seriously pro- 
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Fig.2 The EISCAT UHF dish and VHF 
antenna at Tromsø, Norway. 
(EISCAT Scientific Association 
photographs, taken by Henry Rishbeth.) 


posed until 1958, was demonstrated suc- 
cessfully in the latter year*, and subse- 
quently exploited at a few sites ranging 
from the magnetic equator in Peru to the 
sub-Arctic in Alaska. The technique uses a 
powerful radio beam at a frequency (be- 
tween 40 and 230 MHz) much too high to 
undergo the almost mirror-like reflection 
from the ionosphere that is used in radio 
communication. The ‘target volume’ in the 
ionosphere is defined either by pulsing the 
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Fig. 1 Early EISCAT data: incoherent scatter spectra taken at eight heights over Troms6, 

with approximately 37 km height resolution and 30 s integration. The amplitudes have not 

been corrected for the inverse-square dependence of scattered power on height. With increas- 

ing height, the spectral shape progressively changes from the narrow collision-dominated 

spectrum in the E region to the broader two-humped spectrum characteristic of the F region. 

The vertical dashes mark the transmitted frequency, and the vertical bars mark the limits of 
the 100 KHz passband of each spectrum. 
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radar beam and sampling the scattered 
echoes at a selected time delay, or 
geometrically by using separated, highly 
directional transmitting and receiving 
antennas. EISCAT uses both methods in 
its UHF system, but only the pulse method 
in its VHF system. Of a peak transmitted 
power of some megawatts, all but 
microwatts escape into space and mere 
picowatts are typically intercepted by the 
receiving antennas. 

The incoherent scatter spectrum (Fig. 1) 
depends on the spectrum of random ther- 
mal fluctuations of plasma density in the 
ionosphere. Analysis of the spectrum can 
yield a variety of parameters which (accor- 
ding to circumstances) may include ion 
density, composition and drift velocity, ion 
and electron temperature, and ion-neutral 
particle collision frequency (see ref. 1 and 
refs therein). Application of well estab- 
lished theory to these data gives several 


Henry Rishbeth is at the Rutherford Appleton 
Laboratory, Chilton, Didcot, Oxfordshire 
OX11 0QX. 
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other ionospheric and upper atmosphere 
parameters, such as electrical conductivity 
and current density, electric field, neutral 
air temperature and wind velocity. Further 
information on electron density, tem- 
perature and drift velocity may be derived 
from the ‘plasma sidebands’ flanking the 
main spectrum, which are excited by 
photoelectrons or other low-energy 
particles*’. In the highly active conditions 
of an auroral arc, with particle bombard- 
ment and large electrical currents, addi- 
tional spectral features are produced by 
various plasma waves — the more so in an 
‘intensely heated ionosphere such as can be 
produced by a powerful high-frequency 
‘heating’ transmitter. Incoherent scatter 
experiments have to be designed within a 
variety of constraints set by the equipment, 
the ionosphere and scientific requirements 
such:as height and time resolution. The 
EISCAT system meets these constraints 
with a variety of radar techniques: frequen- 
cy hopping, multi-pulse groups, phase- 
coded pulses, with digital data processing 
to match. 

The EISCAT UHF system, operating at 
several frequencies centred at 933.5 MHz 
(0.32 m wavelength), has three 32 m fully 
steerable paraboloid antennas, of which 
that at Tromsé (Norway) is used for 
transmission and reception and those at 
Kiruna (Sweden) and Sodankyla (Finland) 
for reception only. The UHF transmitter is 
rated at 2 MW peak, 0.25 MW mean 
power and the VHF transmitter at 5 MW 
peak, 0.6 MW mean power. The VHF 
transmitting/receiving antenna at Tromsø 
(Fig. 2), 120 m x 40 min size, can scan in 
the meridian plane by tilting its four panels; 
its beam can be offset by up to 20° from the 
meridian plane by inserting phasing cables 
in the feed system. The USSR plans to build 
‘an array for receiving EISCAT VHF 
signals at a Polar Geophysical Institute site 
in the Apatiti region. 

EISCAT will primarily study the 
ionosphere, at heights of about 70- 
2,000 km. The list of measurable para- 
meters shows that the technique can be 
used to study the upper atmosphere as a 
whole, not just the ionization. The aim is to 
build up an integrated picture of the struc- 
ture, motions and energy sources and sinks 
of the upper atmosphere. Incoherent scat- 
ter observations at low latitudes, com- 
plemented by intermittent but more mobile 
data from satellites, have revealed much 
about the temperatures, winds and tides — 
in particular the motions driven by solar 
UV and X rays. 


In addition the upper atmosphere 
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receives a substantial input of energy from 
the magnetosphere, mainly at high 
latitudes. This input is very variable, peak- 
ing during auroral substorms when the in- 
put of electric currents and high-energy 
auroral particles sets up atmospheric gravi- 
ty waves and circulatory winds which carry 
energy to lower latitudes. EISCAT will 
study such disturbances at their source, 
and its electric field measurements in the 
lower magnetosphere should help to 
elucidate one major outstanding question: 
the acceleration mechanisms of auroral 
particles. The auroral input is super- 
imposed on another high-latitude input, 
not quite so rapidly varying — the input of 
momentum from the solar wind — pro- 
bably through the impulsive connection 
and subsequent disconnection of the in- 
terplanetary and terrestrial magnetic fields 
as the solar wind flows past the Earth. This 
process sets up a large-scale circulation of 
plasma in the magnetosphere and 
ionosphere, which causes a related circula- 
tion of the neutral air above 150 km at polar 
latitudes. 

EISCAT is also being used as a plasma 
diagnostic to study waves and instabilities 
in nature’s vast plasma laboratory in the 
magnetosphere. This usage involves 
cooperation with the GEOS 2 satellite, kept 
in operation for the purpose, and with the 


West Caman ionospheric heating experi- 
ment at Trosmsg®. The ‘plasma physics’ 
aspect of EISCAT’s work will be boosted 
when the VHF transmitter becomes opera- 
tional. 

EISCAT’s immediate tasks include 
cooperation with several other pro- 
grammes: the NASA Dynamics Explorer 
satellite, the USSR/French ARCAD 3 
satellite, rocket experiments at 
ESRANGE, Kiruna, and optical in- 
terferometric measurements of upper at- 
mosphere winds made from Spitzbergen. 
There are also investigations of small-scale 
ionospheric structure and (without the 
transmitter) radio-astronomical studies of 
interplanetary scintillations. An experi- 
ment is proposed in which UHF signals, 
transmitted from the Chatanika radar in 
Alaska and incoherently scattered from the 
polar ionosphere, will be received by 
EISCAT. EISCAT will also be used as a 
stratospheric radar. The move of the 
Chatanika radar to Greenland, planned for 
1982, will intensify the scientific probing of 
the high-latitude ionosphere, particularly 
the magnetospheric ‘polar cleft’. Mean- 
while the processed EISCAT data being ac- 
cumulated at the Rutherford Appleton 
Laboratory in the UK, and institutions in 
other EISCAT countries, will receive keen 
study from scientists. a 


Do all laboratory mice 
trace back to a single female? 


from M.F.W. Festing 


IN this issue of Nature, Ferris, Sage and 
Wilson suggest that all the ‘old’ inbred 
strains of laboratory mice are descendants 
of one single female who lived some time 
between 1200 Bc and AD 1920 (see p.163). 
At first sight this is an astonishing claim. 


Further reflection shows, however, that it - 


is really not so unexpected, and that in view 
of the maternal mode of inheritance of the 
mitochondrial DNA (which they analysed) 
through the egg cytoplasm, the 
implications for the genetic pool of 
variation in laboratory mice are not as 
profound as they would at first appear to 
be. 

What Ferris, Sage and Wilson have done 
is to study genetic variation in mitochon- 
drial DNA (mtDNA), using eleven restric- 
tion enzymes. They sampled wild mice 
from a wide geographical distribution, as 
well as nine ‘old’ inbred strains (for 
example, BALB/c, C57BL/6 and DBA/2) 
and five colonies of inbred mice recently 
derived from wild mice. Among 20 wild 
mice they found 15 distinct types of 
mtDNA. All the old inbred mice had 
identical mtDNA, while four of the five 
new wild-derived inbred colonies differed 
from the old inbred strains. They 


concluded that the most likely explanation 
is that all the old inbred mice can be traced 
back to a single female who could have 
lived as recently as 1920, 

Evidence that wild mice differ in many 
ways from laboratory mice is accumulating 
rapidly. The two groups differ in cell 
surface antigens', biochemical markers? 
and in some types of behaviour®. Several 
different wild populations have also been 
shown to carry chromosomal polymor- 
phisms not found in laboratory stocks’. 
Such differences could have arisen as a 
result of the very different selective 
pressures on wild and laboratory mice, or 
as aresult of a strong founder effect, or asa 
result of both these forces. Unfortunately, 
the historical records are very incomplete 
and provide little useful information on the 
domestication of our laboratory mouse 
stocks. 

Mice have been domesticated since at 
least 1100 Bc in China, and our laboratory 
stocks are believed to be descended from 
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these mice following their establishment ın 
Japan, and subsequent importation to 
Europe by traders ın the early nineteenth 
century? However, mice had also been 
independently domesticated in Europe, 
where they were frequently used for 
auguries and for pharmaceutical purposes 

Many of the old inbred strains may be 
traced back to the mouse colony estab- 
lished by Miss Abbie Lathrop in Grancy, 
Massachusetts, in the early part of this 
century The origins of these mice are not 
known 1n detail, but they included fancy 
mice imported from Europe, as well as wild 
mice Potter® describes this colony as ‘‘the 
American mouse melting pot’’, but there 1s 
very little information on the extent to 
which wild mice actually contributed to the 
gene pool If there were crosses involving 
the wild mice, ıt 1s likely that wild males 
would have been crossed with tame 
females, which are far more likely to rear 
their young successfully in captivity Thus, 
such crosses would not have altered the 
mtDNA, though they would have altered 
the nuclear DNA of the tame mice 
However, not all the old inbred strains are 
derived from this colony Strain SWR, one 
of the strains studied by Ferris, Sage and 
Wilson, was established from ‘Swiss’ mice 
which were not imported into the US until 
1926’ This would imply either that the 
Swiss stock became contaminated by 
American mice, or that the common 
ancestral female lived some time before 
about 1920 

Although pedigree records are not 
available for our mouse stocks, study of 
other domestic species ın which reliable 
pedigrees are available shows that a single 
individual often makes a substantial 
contribution to the development of a 
breed Sewell Wright showed that in 1920 
55 per cent of individuals of the Shorthorn 
breed of cattle could be traced back to a 
single bull, Favourite, born 20-24 
generations previously ın 1793 Similar 
close inbreeding was also found ın severa! 
other breeds® True, breeds of cattle cannot 
directly be equated with fancy mice 
However, there were probably few tame 
mouse colonies ın Europe during the early 
part of the nineteenth century, and when 
mouse fanciers did become organized in 
England in 1895, they were dominated by 
Walter Maxey, known as ‘‘father of the 
fancy’’? Those that found their way into 
research may well have been passed from 
one investigator to another as quite small 
groups, leading to a number of severe 
population bottlenecks 
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If Ferris, Sage and Wilson’s findings are 
not, therefore, too surprising, what are the 
scientific implications? First, 1t must be 
emphasized that what they have shown 1s 
that the cytoplasm of the old inbred strains 
may have come from a single female Few, 
if any, of the nuclear genes need have come 
from that female Thus, ther- results do not 
necessarily imply that laboratory stocks 
come from a narrow nuclear gene pool, as 
does the Shorthorn breed of cattle 
Infusions of new genetic material from 
wild males, as may have happened ın Miss 
Lathrop’s colonies, would leave the 
mtDNA unaltered This study will then be 
of most significance to developmental 
biologists who are interested ın the 


relationship between the nucleus and the 
cytoplasm In more general terms it also 
shows that the study of wild mouse popu- 
lations can be extremely profitable — 
had Ferris and his colleagues not included 
wild mice 1m their studies, they would have 
concluded that mice are monomorphic for 
their mtDNA genomes! It 1s hoped that 
their work will further stimulate studies of 
all types of genetic variation in wild mice, 
with the importation of much more genetic 
material into the laboratory This should 
provide more insight into the genetics and 
evolution of the mouse, as well as 
providing many more variants which can 
be used as tools ın the study of all aspects of 
mammalian biology oO 


How black is the Universe? 


Jrom Richard A Muller 


ALL but 10° of the known particles in the 
Universe are microwave photons of the 3K 
cosmic background radiation, discovered 
by Penzias and Wilson ın 1965!, and still 
the subject of intense study and interest. 
We believe that these photons are the 
Doppler-shifted remnant of the thermal 
radiation from the hot matter of the early 
Universe The big bang theory? predicted 
that the photons would have a Planck 
frequency spectrum similar to that of the 
thermal emission from a black (that 1s, 
totally absorbing) object, hence the micro- 
wave signal came to be known as the cosmic 
blackbody radiation True justification for 
this name came only recently, when the 
measurements of Woody and Richards? 
confirmed that the spectrum followed the 
general shape of the blackbody pre- 
dictions 

But the Woody and Richards data also 
showed a small, statistically significant 
departure from the perfect blackbody 
curve The radiation was slightly more 
intense than expected at the peak of the 
spectrum (near 1mm wavelength) and 
somewhat less intense 1n the shorter wave- 
length region Woody and Richards were 
properly cautious about this observation 
They state 


“Although there ıs a statistically significant 
deviation from a Planck spectrum, there are 
serious limitations to the statistical analysis 
where systematic errors are likely It1s clear that 
another generation of measurement with better 
accuiacy 1s required before any deviation froma 
Planck spectrum can be firmly establisaed ” 


Others have been less cautious The 
literature 1s now full of analysis of the 
‘observed distortion’ by theorists starved 
for cosmological data A hkely candidate 
to produce a deviation from the blackbody 
shape 1s Compton scattering from free 
electrons released relatively late ın the 
history of the Universe, during the era of 
star formation However, the effect of 


Compton scattering 1s to depress the peak 
of the spectrum and to elevate the low 
frequency tail+°, this signature 1s opposite 
to that required Other possible causes of 
distortion involve injection of energy 1n the 
early Universe, perhaps by early star 
formation Unfortunately, most explana- 
tions involve so many parameters that one 
cannot feel confident that a true ex- 
planation has been found Attention 1s 
more properly focused on the reality of the 
distortion 

Measurement of the millimetre region of 
the microwave radiation 1s extremely 
difficult because of interfering thermal 
emissions from the atmosphere, the Earth 
and the apparatus itself Measurements 
must be made at high altitudes, from 
rockets, balloons, or satellites Calibration 
requires a source with known emissivity 
and temperature similar to that of the 
radiation (3K) Accurate calibration 1s 
critical, a 27 per cent error could account 
for the entire distortion reported by 
Woody and Richards (The peak would be 
reduced by the calibration error, the high 
frequency depression would be accounted 
for 1f the temperature of the radiation were 
2 7K instead of 2 0K ) Woody and 
Richards calibrated their balloon-borne 
mstrument on the ground both before and 
after their flight, and checked the cali- 
bration in-flight by observation of atmos- 
pheric O, emission lines The check was 
consistent with the ground calibrations, 
indeed they have been unable to discover 
any mechanism which could cause a change 
in cahbration during flight by the amount 
required to discredit the distortion 

Nonetheless, the in-flight calibration has 
recently been called into question H 
Pickett, E Cohen and D Brinza® at the 
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California Institute of Technology 
measured the pressure broadening of the 
oxygen lines on which the calibration check 
depends, and found a value larger than that 
assumed by Woody and Richards 
Ironically, as the Cal Tech group points 
out, the result is opposite to that needed to 
explain away the distortion of the micro- 
wave spectrum If we were to use as the 
primary calibration of the Woody and 
Richards experiment the oxygen emission 
measurements with the new widths deter- 
mined by the Cal Tech group, we would 
conclude that the distortion in the 
spectrum 1s greater than originally 
reported It1is not clear, however, that the 
in-flight oxygen measurements provide a 
better calibration than the ground-based 
measurements 

Several experiments are being built 
which could independently test the 
existence of the distortion These include 
not only new spectrum measurements from 
balloons and satellites, but also high 
frequency observations of the cosine aniso- 
tropy caused by the motion of the Earth, 
comparison with existing low frequency 


anisotropy measurements’~? allows the 
shape (but not the overall normalization) 
of the spectrum to be determined!° 
Woody and Richards give sound advice 
waen they urge that we wait for “‘another 
generation of measurements” before 
accepting the deviation from blackness as 
real O 
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Islet cell precursors are neurones 


from A GE Pearse 


IN a recent report Teitelman and her col- 
leagues! describe parallel 1mmunocyto- 
chemical studies on the localization, in 
mouse embryo pancreas, of the peptide 
hormone glucagon and the four 
catecholamine-synthesizing enzymes 
tyrosine hydroxylase (TH), DOPA decar- 
boxylase, dopamine-f-hydroxylase and 
pnenylethanolamine-N-methyltrans- 
ferase A later study? has added insulin to 
the list The presence ın a cell of all four 
enzymes would signify an adrenergic 
phenotype, of the first three a noradren- 
ergic and of the first two only, a dopamin- 
ergic phenotype With the exception of the 
decarboxylase, the other three enzymes 
have been found only ın cells of neuroecto- 
dermal origin The results of this elegant 
study once again bring into focus 
arguments concerning the derivation of the 
pancreatic islet cells and hence the whole 
basis of the APUD concept?, particularly 
as 1t concerns the pancreatic and related 
endocrine cells of the gastrointestinal tract 
APUD 1s an acronym, standing for 
amino precursor uptake and decar- 
boxylation, that was first attached 
in 19684 to a short list of established or 
presumptive peptide-secreting cells which 
were situated either in established 
endocrine glands or diffusely in other 
regions of the body These two amuno- 
handling functions were considered to be 
the most representative ones of seven 
cytochemical and ultrastructural charac- 
teristics possessed 1n common by the 


cells designated by the acronym Growth of 
the original list has brought the number of 
APUD cells to more than 40, if one 
includes, as one must, the magno- and 
parvo-cellular neurosecretory cells of the 
hypothalamus 

Classically the islet cells are regarded as 
modified intestinal mucosal cells*® For 
around a hundred years they have been 
considered to arise from stem cells ın the 
pancreatic ducts’, thus sharing a common 
endodermal origin with the cells of the 
exocrine pancreas? A more modern 
hypothesis, postulating a neural or neural 
crest origin for the cells, was first proposed 
in 1966 as part of the onginal APUD 
concept*? This view’ required 
modification when work with rabbit 
embryos!® and avian chimaeras!! showed 
that the cells of the definitive crest could 
not be implicated as ancestors or 
antecedents of the islets, and the concept 
was then amended to derive them from 
committed neuroendocrine-programmed 
precursors arising in the embryonic 
ectoblast!213 

The real question 1s whether in the 
pancreas the four peptide-producing cells 
of the APUD series, and ın the gut a further 
fourteen, are descendents seriatim and 
from day to day of multipotent endo- 
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dermal stem cells, capable of differenti- 
ation into enterocytes, Paneth, goblet, 
duct, acinar and endocrine cells, or 
whether they arise by transformations 
occurring in committed neuroendocrine 
cells In the former case the enteropan- 
creatic APUD cells cannot be regarded as 
sensory effectors, and they cannot be com- 
ponents of the postulated third division of 
the nervous system which the cells are held 
toconstitute They can only be by-products 
of an exocrine, mucous, absorptive and 
duct cell replacement programme The 
functional characteristic of the cells, 
demonstrated cytochemically, and their 
independently Jong turnover time!*, have 
been held to support the second possibility 
and a neuroectodermal origin, or at least 
neuroendocrine determination, but 
morphological evidence has continued to 
support the unitarian (endodermal) 
hypothesis!> 

Teitelman and her colleagues! have now 
established, ın embryonic mice, that the 
catecholamine-synthesizmg enzyme TH 
appears in a population of cells in the 
developing (dorsal) pancreas at day 11 
From day 12 to day 14 TH and glucagon 
can be localized, by serial 1mmunocyto- 
chemustry, 1n identical cells and 1n up to 40 
per cent of all cells containing either 
antigen At 14 5 days some of the TH cells 
are found to contain immunoreactive 
insulin rather than glucagon? 

Expression of the catecholaminergic 
(dopaminergic) phase 1s transient, TH 1s no 
longer detectable ın the glucagon or insulin 
cells, orn any other cell, after the fifteenth 
embryonic day It reappears, ın a morpho- 
logically distinct islet cell, some time after 
birth This observation parallels the 
transient APUD facility exhibited by 
enteroendocrine cells in fish!® and avian!? 
embryos By contrast, the conversion of 
DOPA to dopamine can be detected ın the 
endocrine cells of the developing mouse 
pancreas from the eleventh day 
onwards!8:19° and this function continues 
into the adult state It may also be observed 
tnat Teitelman et al have now provided 
concrete, rather than inferential, evidence 
of the presence of the decarboxylase in all 
the islet cells 

What conclusions can be drawn from 
their investigations? Teitleman ef al! 
formulate their own hypothesis which 
implies ‘‘that all the pancreatic A 
(glucagon) cells and, conceivably, other 
pancreatic endocrine cells originate by the 
transformation of precursors that express 
catecholamine biosynthetic enzymes’’ 
Their current formulation presumably 
includes the B (insulin) cells as originating 
in the same manner What, then, are the 
implications of this view? ‘“‘All cells in the 
periphery that express one or more specific 
catecholamine biosynthetic enzymes 
are of neuroectodermal origin’’! Do the 
pancreatic A and B cells constitute the first 
exception to this rule? That seems unlikely, 
to say the least 

According to Teitelman etal ! their data 
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clearly ‘‘tend to support Pearse’s 
hypothesis’? but ‘‘full validation of the 
developmental aspect of the APUD 
concept would require the identification of 
the germ layer from which the TH cells of 
the pancreas are derived’’ But the germ 
layer theory has probably outlived its 
usefulness The point at issue 1s not so 
much whether the APUD cell precursors 
are initially of endodermal or ectodermal 
origin, but rather whether they are an 
irrevocably neuroendocrine-determined 
self-replicating entity, needing only to 
effect relatively facile transformations to 
express functions clearly shown to be 
related, such as the co-production of 
amines and peptides® and the switch from 
one peptide to another, by modification of 
existing genes (gene splicing)2° or by trans- 
cription of closely related genes in place of 
the original ones 

Significant as they are, the investigations 
of Teitelman and her colleagues must 
clearly be extended to include further 
parallel studies of the association between 
TH and the other two pancreatic peptides, 
somatostatin and pancreatic polypeptide 
(or three 1f one includes gastrin, which 1s 
present ın fetal islets) These matters 
require examination not only ın the dorsal 
pancreatic anlage, where glucagon and 
then insulin are the first demonstrable 
peptides, but also ın the ventral equivalent 
where, in the adult, pancreatic polypeptide 
comes to predominate We need to know 
which peptide, if any, 1s expressed by the 
morphologically distinct TH-positive cells 
of the adult mouse islet and, on a broader 
basis, whether the other peripheral and 
perhaps likewise the central APUD cells of 
the pituitary gland and hypothalamus 
express a transient or permanent 
dopaminergic function. 

Conclusive proof of a neuroectodermal 
origin has now been established for just 
two of the enteropancreatic endocrine 
cells Confirmation of neuroendocrine 
status for the remaining sixteen cells can 
confidently be expected to follow o 
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The nature of galactic shells 


Jrom Gerard Gilmore 


THE outer regions of galaxies are rapidly 
becoming as mysterious as their nuclei 
Kinematic studies have shown that the 
outer regions of disk galaxies like the Milky 
Way rotate with the same angular velocity 
as their inner regions, thus requiring the 
dominant contributor to the total mass of 
the galaxy (and the Universe) to be dis- 
persed over a much larger volume than the 
luminous mass The nature and true 
distribution of this ‘missing mass’ 1s still 
unknown Now ıt seems that the luminous 
mass of stars 1n the outer regions of at least 
some galaxies Js distributed ın a much more 
ordered fashion than expected, with 
several narrow ripples and shells present at 
very large distances from the galactic 
nucle: In this issue of Nature (p 126), 
Carter, Allen and Malin from the Anglo- 
Australian Observatory present a detailed 
study of one such shell, which 1s 180 kpc 
(roughly twenty times the distance of the 
Sun from the galactic centre) from the 
nucleus of the galaxy NGC1344 Their 
observations show that the shells are 
probably normal stars with colours a little 
bluer than those of the more central regions 
of the galaxy 

Why then do they form such dramati- 
cally sharp features? If the stars currently 
in the shells have spent their whole lifetimes 
in the outer regions of the galaxy without 
perturbation, their velocity dispersion in 
the radial direction would long ago have 
smeared out any sharp features in their 
spatial distribution The stars must, then, 
either be young or have had their orbits 
recently modified The first possibility was 
discussed by Fabian, Nulsen and Stewart!, 
who suggested recent stellar formation 
from the gas driven from the galaxy by 
supernovae blast waves While young star 
formation cannot take place ın regions of 
low gas density, Fabian et al showed that 
shocks can form as the outflowing gas 
meets the intergalactic medium, thereby 
producing locally enhanced density and 
permitting stellar formation These young 
stars will, however, fall back into the 
parent galaxy in the free fall tme Thin 
shells will be visible only for times short 
compared with this, or perhaps 3 x 108 
years The shells will therefore be popu- 
lated predominately by luminous young 
stars, which are very blue — too blue, ın 
fact, for consistency with the observations 
reported by Carter et al , which therefore 
require another explanation 

One likely possibility 1s that the shells are 
remnants of galactic cannibalism Mergers 
of galaxies can produce an amazing variety 
of shapes and structures, possibly 
including shells Numerical simulations of 


the passage of a mass simular to that of a 
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dynamically cool (disk) galaxy through the 
disk show a strong circular density wave to 
propagate outwards, possibly followed by 
lesser waves? In a recent simulation by 
Peter Quinn? of the Mount Stromlo 
Observatory 1n Canberra, aspherical anda 
disk galaxy were merged, and attention was 
focused on those particles ejected to large 
distances from the central region In all 
such simulations, dynamical friction 
causes the galaxies to merge after a bumpy 
meeting Initially, the disk passes through 
the main spheroidal component, then falls 
back in a series of rapidly dying oscil- 
lations, each of which ejects some of the 
disk stars In this way Quinn was able to 
generate three or four shells at large dis- 
tances from the galactic centre, which bear 
some resemblance to those observed The 
stars in the shells are somewhat bluer than 
the main galaxy as they are preferentially 
ejected from the younger disk population, 
in agreement with observations The shells 
formed, however, are not as sharp as those 
seen, nor ıs ıt possible to generate the eight 
to nine separate features seen at different 
radu ın NGC3923 Whether these are 
fundamental constraints or merely indicate 
the limitations of the current N-body 
simulations 1s not yet clear 

Several examples of galaxies with shells 
are now known*, ın some cases with other 
evidence of anomalous features (loops, 
jets, active nuclei) which again suggest 
recent dynamical evolution Other explan- 
ations are, however, possible For 
example, the colour differential between 
the shells and the main body of the galaxy 1s 
also consistent with a mild radial decrease 
of the abundances of the chemical elements 
heavier than helium, which would not be 
surprising The shells would then have to be 
explained 1n terms of, for example, internal 
resonances in the velocity distribution 
inside the galaxy 

A detailed explanation of the properties 
of the shells will require both a much more 
detailed numerical study of galactic 
mergers, and more specific observations of 
their properties David Carter 1s currently 
carrying out detailed surface photometry 
of several examples, to define their 
luminosity and colour distributions ın 
more detail While spectroscopy would be 
highly desirable to define the kinematic 
properties in detail, it will be extremely 
difficult No emission lines have been 
detected from the shells, and the surface 
brightness 1s too low for easy absorption 
line studies (The surface brightness 
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reported for the outer shell of NGC1344 
corresponds to a photon rate of one per are 
second per Angstrom every 3 hours with 
the IPCS on the 3 9 m AAT ) Similarly, no 
neutral hydrogen 21 cm emission has yet 


been detected Detailed study of the inner 
shells of this galaxy, while difficult, 1s 
possible, and should provide a fascinating 
insight into the processes of galactic 
cannibalism O 


Developing synthetic vaccines 


from Arte J Zuckerman 


IN this issue of Nature (p 158) Dreesman 
and his colleagues describe a step towards 
the production of a synthetic vaccine for 
hepatitis B infection Using a computer 
analysis of the amino acid sequence of a 
major polypeptide portion of the hepatitis 
B surface antigen they were able to pred'ct 
hydrophilic regions which would be 
exposed on the intact 22 nm surface antigen 
particle and might represent antigenic 
determinants Two peptides containing 
one of these regions were synthesized and 
found to elicit the production of hepatitis B 
surface antibody in mice after a single 
injection 

In the long term the development of 
synthetic vaccines 1s an exciting prospect 
The ultimate goal ıs the production of 
chemically synthesized multivalent 
vaccines that would replace current 
bacterial and viral vaccines! which can 
often contain many irrelevant microbial 
antigenic determinants, proteins and other 
materials that contaminate the essential 
immunogen and may cause untoward side 
effects 

Although use of synthetic peptide 
vaccine may soon be a reality, the urgent 
need for protective immunization against 
hepatitis B virus — ıt 1s estimated there are 
200 million carriers of markers of hepatitis 
B virus world wide — 1s likely to be met 1n 
the short term by more conventional 
vaccines Progress ın their production and 
towards the creation of synthetic vaccines 
is reviewed below 
Hepatitis B subunit particle vaccines 
The development of a conventional vaccine 
has been hampered by the failure to grow 
hepatitis B virus ın tissue culture and this 
has led to attempts to find other 
preparations which might produce active 
immunity (see refs 2,3), including the use of 
inactivated hepatitis B surface antigen 
purified from plasma of asymptomatic 
human carriers Guidelines for the 
preparation of experimental hepatitis B 
vaccines were suggested by the WHO 
Expert Committee on Viral Hepatitis*, end 
the proposed requirements for hepatitis B 
vaccine were published by the WHO 
Expert Committee on Biological 
Standardisation® Progress in the safety 
and efficacy testing of such vaccines nas 
been rapid The safety, immunogenicity 


and high protective efficacy of two such 
preparations have been demonstrated by 
placebo-controlled, randomized, double- 
blind trials in susceptible male 
homosexuals who are known to be at high 
risk of hepatitis B infection® and among 
healthy volunteer staff from 48 
haemodialysis units’? and in subsequent 
studies®? 

This type of subunit vaccine may, how- 
ever, suffer from several disadvantages 
First, pooled plasma, with high titre of 
hepatitis B surface antigen (often e antigen 
positive), ıs required ın large quantity from 
persistant carriers, and it 1s impossible to 
characterize each carrier donor on an indi- 
vidual basis Second, the supply of such 
plasma may be difficult to secure in the 
long term and live virus containment 
facilities are required for production 
Third, the manufacturing process 1s 
expensive (the reported cost of the vaccine 
recently licensed 1s 120-150 US dollars for 
three doses required for the first course of 
immunization) and possible extraneous/ 
adventitious agents and other contam- 
nants must be removed Strict safety 
testing of the vaccine 1s required, including 
tests for residual infectivity of hepatitis B 
virus in susceptible chimpanzees 
‘Polypeptide vaccmes 
To overcome some of these problems, 
‘second generation’ hepatitis B poly- 
peptide vaccines containing hepatitis 
B-specific antigenic determinants 
associated with a nonglycosylated poly- 
peptide with a molecular weight in the 
range 22,000-24,000 and a glycosylated 
polypeptide with a molecular weight in the 
range 26,000-29,000 have been prepared 
and tested for safety, immunogenicity and 
protective efficacy ın susceptible chim- 
panzees!0-12_ Although the two major poly- 
peptide species of purified hepatitis B 
surface antigen of molecular weight 22,000 
to 25,000 or 26,000 (variation exists 
between analyses of purified antigen from 
different sources), and a glycoprotein of 
molecular weight 28,000-—30,000, have 
been frequently designated p22 or p23 and 
gp28, Peterson! considers that these 
should more properly be designated p25 
and gp30, based on the probable true 
molecular weight of the protein as deduced 
from the DNA sequence of the viral gene 
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and the results of amino acid analysis by 
various techniques 

The advantages of polypeptide vaccine, 
derived from any source!4, include precise 
biochemical characterization, exclusion of 
genetic material of viral origin, exclusion 
of host- or donor-derived substances and 
potency!’ Disadvantages of polypeptide 
vaccines include low yield if strong 1onic 
detergents are used for separation, 
although the yield has been substantially 
improved by the use of non-ionic 
detergents! 
Genetic biosynthesis 
Particularly attractive sources of antigenic 
material would be prokaryotic cells ex- 
pressing hepatitis B surface antigen 
proteins Cloning of hepatitis B viral DNA 
and the production of small amounts of 
surface antigen have been reported by 
several groups and ın significant amounts 
by Edman etal "1" Expression of hepatitis 
B proteins in eukaryotic cells has also been 
achieved ın mutant mouse LM cells and ın 
HeLa cells, but sources such as trans- 
formed heterotransplantable producer cell 
lines have not yet been licensed by any 
National Control Authorities for vaccine 
production Expression of glycosylated 
hepatitis B surface antigen ın yeast cells has 
recently been reported by W J Rutter of 
the University of California, San 
Francisco, and this 1s potentially a most 
important development for large-scale in 
vitro production of an immunogen 
Synthetic hepatitis B peptide vaccines 
The feasibility'® of developing synthetic 
vaccines was first demonstrated by the 
identification of the amino acid sequences 
responsible for immunogenic activity of 
the tobacco mosaic virus Such amino acid 
moieties can be synthesized and, when 
coupled to carrier protein, will induce the 
production of neutralizing antibody in 
experimental animals In 1976, 
Langbeheim ef al !? accomplished the 
neutralization of a bacterial virus with 
antibody elicited by a synthetic antigen 
The first example of successful active 1m- 
munization against bacterial toxin — 
diphtheria toxin — using a synthetic 
antigen has been published recently% 
Diphtheria toxin ıs a single polypeptide 
chain of 62,000 molecular weight with two 
disulphide bridges The loop of 14 amino 
acids subtended by the disulphide bridge 
near the NH, terminus has been implicated 
in the toxicity and immunological speci- 
ficity of the molecule A synthetic tetra- 
decapeptide linked covalently to two 
different carriers elicited antibodies in 
guinea pigs which bind specifically with the 
toxin and neutralize the dermonecrotic and 
lethal effects 

Induction of type-specific immunity has 
also been achieved using a synthetic 
peptide of Streptococcus pyogenes M 
protein containing only 12 amino acid 
residues?! The immunogenicity of such 
small peptides points the way to the 
development of safe vaccines against 
streptococcal infections which cause rheu- 
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matic heart disease, and the efficacy of very 
small peptides will permit a large portion of 
the protein molecule to be disposed of, so 
reducing the chances of eliciting immuno- 
logical cross-reactions against host tissues 
Possible approaches to the development of 
chemically synthesized hepatitis B vaccines 
were described a few years ago by several 
groups of investigators, and current 
progress suggests that such synthetic 
peptide vaccines are within reach 
Valenzuela ef al 2, and subsequently 
Others, identified an 892 base pair region 
along the DNA strand of hepatitis B virus 
with the adw determinants using cloned 
DNA fragments, and the full sequence of 
the 226 amino acids coding for the 
23,000-25,000 molecular weight poly- 
peptide of hepatitis B surface antigen was 
predicted The corresponding sequence for 
the ayw subtype suggested that ıt differed 
in 16 amino acids*? Employing an unpub- 
lished computer program designed by J E 
Kyte and R F Doolittle, which has been 
used to predict the internal and external 
residues of proteins with known structure, 
Lerner ef al*4 chemically synthesized 13 
peptides corresponding to amino acid 
sequences predicted from the nucleotide 
sequence for hepatitis B surface antigen 
Seven out of the 13 free or protein carrier- 
linked synthetic peptides elicited an anti- 
peptide response ın rabbits Where used, 
the carrier protein was keyhole limpet 
haemocyanin in complete and sub- 
sequently incomplete Freund’s adjuvant 
Antisera against four of the six soluble 
peptides, ranging from 10 to 34 amino acid 
residues long, reacted with the native 
antigen and also precipitated the 23,000 
and 28,000 molecular weight major poly- 
peptides of hepatitis B surface antigen 
Hopp?’ also used a computerized analysis 
of the amino acid sequences of the surface 
antigen protein to predict an antigenic site 
determinant An amino acid sequence of 
residues 138-149 was synthesized and 
examined for its ability to bind antibodies 
to a mixture of the ad and ay subtypes of 
hepatitis B virus Although the peptide 
bound only 9 per cent of the antibodies, the 
maximum binding capacity was not 
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reached 

Dreesman and his colleagues used a 
similar technique to predict two hydro- 
philic regions of the surface antigen 
molecule Two cyclic peptides, containing 
disulphide bonds ın the region between 
amino acids 117 and 137, were synthesized 
The two synthetic peptides with amino 
acids 117-137 and 122-137 were incor- 
porated into several adjuvants including 
Freund’s complete adjuvant, alum, and 
multilamellar liposomes with and without 
muramyl dipeptide Groups of BALB/c 
mice were immunized intraperitoneally 
with each of the preparations Hepatitis B 
surface antibody was induced 7-14 days 
after inoculation in approximately 50 per 
cent of the mice ın each group, and ın four 
or five of six mice when the smmunizing 
preparation of the 117-137 peptide was 
emulsified with Freund’s complete 


adjuvant On day 21, the peak levels of 
antibody decreased ın most groups of mice 
It should be noted that the antibody 
response was elicited ın mice after a single 
injection without covalent linkage to a 
carrier protein 

Thus, synthetic peptides may be used, ın 
due course, as vaccines although mixtures 
of more than one of the peptides may be 
required Of the many questions which 
remain to be answered, the critical issues 
are whether antibodies induced by 
synthetic immunogens will be protective in 
susceptible non-human primates, and 
whether protective immunity will persist in 
chimpanzees and subsequently ın man 
Nevertheless, it 1s clear that we are entering 
the era of antibody engineering, and the 
prospect of multivalent synthetic vaccines 
against a variety of microbial agents may 
well be within reach CO 


A problem for the theory 


of biological structure 


from David Eisenberg 


AN unexpected result for the structure of 
the polyoma virus capsid 1s presented by 
Rayment, Baker, Caspar and Murakami 
on page 110 of this issue of Nature It 1s 
unexpected because it does not conform to 
the pattern, proposed by Caspar and Klug 
in 1962, for the assembly of ‘spherical’ 
viruses! Their scheme provided a descrip- 
tion of highly symmetric structures related 
to the icosahedron, formed from identical 
protein subunits, and 1t seemed able to ac- 
count for the structure and assembly of a 
wide variety of structures The central idea 
was that of quasiequivalent bonding ın an 
icosahedron-like, near-spherical shell, 
each of many subunits can have an environ- 
ment nearly equivalent (or quasiequivalent 
in the terminology of Caspar and Klug) to 
every other subunit (The importance of 
this may not seem very great unless you 
know that ıt ıs impossible to arrange more 
than 60 asymmetric objects 1n identical en- 
vironments in a closed shell ) The 
biochemical significance of quasiequiva- 
lent bonding 1s that each subunit forms 
nearly equivalent bonds to other subunits 
This equivalence of bonding means that the 
assembly can be simply encoded ın the 
three-dimensional structure of the subunit 
It thus becomes easy to rmagine how self- 
assembly of the virus coat might occur, 
simply through the repeated formation of 
nearly equivalent, low-free energy con- 
tacts 

The Caspar—Klug theory has correlated 
many observations from electron 
microscopy and X-ray diffraction, and has 
been welcome ina field where experimental 
results are emerging at a rate far greater 
than principles Many previous results on 
structure and assembly have been consis- 


tent with the Caspar—Klug ideas The most 
striking are the monumental X-ray crystal- 
lographic structures of RNA plant viruses 
from the laboratories of Harrison and 
Rossmann? 3 Both studies revealed virus 
coats that display quasiequivalent bonding 
of the sort predicted by Caspar and Klug 
Thus the new report of decided non- 
equivalence of bonding of subunits ın the 
polyoma virus coat 1s particularly startling 

Previous analysis of electron micro- 
graphs of the polyoma capsid had shown 
that the sphere-like shell of asurface1s built 
from 72 clumps of subunits, or 72 ‘cap- 
someres’ Twelve of these are surrounded 
by five identical capsomeres and are thus 
termed pentavalent Sixty capsomeres are 
surrounded by six others and are termed 
hexavalent In the Caspar—Klug theory 
such an arrangement ıs called 7=7, where 
T, the triangulation number, describes the 
number of subunits and the nature of their 
quasiequivalence Ina T=7 shell, ıt was ex- 
pected that there would 7 x 60=420 
subunits, 12x5=60 of these ın the pen- 
tavalent capsomeres and 60x6=360 of 
these in the hexavalent capsomeres What 
would permit nearly equivalent bonding 1s 
that each pentavalent capsomere contain- 
ing five subunits would be surrounded by 
five other capsomeres, whereas each hex- 
avalent capsomere containing sıx subunits 
would be surrounded by six other cap- 
someres This ‘five around five’ and ‘six 
around six’ arrangement results in each 
subunit having nearly the same environ- 
ment as every other, and thus being able to 
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form nearly equivalent bonds to 
neighbours 

In their electron density map, Rayment 
etai find unexpectedly that the hexavalent 
capsomere ıs a pentamer, as 1s the pen- 
tavalent capsomere Thus there appear to 
be only (12x5) + (60 x 5)=360 subunits 
of the major coat protein VP1 ın the cap- 
sid, rather than the expected 420 The 
authors buttress their observation by citing 
studies of the molecular weights of the cap- 
sid and VP1 protein which suggest that 
there are indeed fewer than 420 copies 

Another consequence of the hexavalent 
unit being a pentamer 1s that the bonding 
among coat protein subunits is distinctly 
non-equivalent. This 1s illustrated clearly in 
Fig 7 on page 114, where the non- 
equivalence can be seen by comparing 
panel c with panel d, and by comparing ın 
panel d the various relationships of the five 
protein subunits of the central capsomere 
to the six surrounding capsomeres Figure 
7f illustrates that the observed structure 
cen be accounted for by three types of con- 
tact between neighbouring pentamers, a 
much more complicated pattern than the 
expected single type of contact 

Such an unexpected result, even from the 
laboratory of a co-author of the Caspar- 
Klug theory which the result seems to 
challenge, will no doubt face some 
scepticism The refinement method used to 
cbtain the phases for the 22 5 Aresolution 
electron density map 1s not the thoroughly 
tested and trusted multiple 1somorphous 
replacement In place of heavy atoms to 
constrain phases, the refinement is 
constrained only by the icosahedral 
symmetry and overall dimensions of the 
capsid Rayment ef al present control 
calculations that suggest the phase 
refinement procedure leads to a correct and 
unique result, and they conclude that ‘‘the 
similarity of the hexavalent and 
pentavalent capsomeres seen ın the 
electron density map 1s an intrinsic feature 
of the virus capsid structure rather than 
some unaccounted artefact of the 
refinement procedure” The authors go on 
to suggest that simian virus 40 and other 
members of the papova family may all have 
capsids built of pentameric capsomeres 
Some workers ın the field of biological 
structure, while finding all of this 
intriguing, may reserve final judgement 
until the study of polyoma structure has 
reached higher resolution, presumably 
with the aid of isomorphous replacement 

If the capsomeres of polyoma and 
related viruses are in fact built all of 
pentomers, the ideas of Caspar and Klug 
are in need of some revision They sought 
to explain why icosahedral shells had been 
selected for the design of closed containers 
built from many identical subunits They 
came up with the elegant idea of 
quasiequivalence in an icosahedral shell 
I Caspar, DLD & Klug, A Cold Spring Harb Symp 
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built from 60T identical units, each unit 
can have nearly the same environment and 
hence form nearly equivalent bonds to 
neighbours If subunits do not all have 
similar environments, then the reason for 
the icosahedral shells ıs unexplained 

The result of Rayment ef al seems to 
transfer the problem of virus structure and 


Spacecraft collisions 


from David W Hughes 


THE region of near Earth space, extending 
to about 5,000 km above the Earth’s sur- 
face, contains many orbiting satellites and 
bits of satellites Collisions between them 
are inevitable and an estimate of just how 
frequently this will occur has now been 
made by L Schnal and L Pospisilova of 
the Astronomical Institute of the Czecho- 
slovak Academy of Sciences Their fin- 
dings are published ın a recent edition of 
the Bulletin of the Astronomical Institutes 
of Czechoslovakia (32, 310, 1981) 

First, 1t was necessary to calculate the 
number of spacecraft per unit volume of 
space Satellites are continually tracked by 
radar systems in the US and the results 
published ın NASA Satellite Situation 
Reports The figure below shows how the 
number of trackable orbiting bodies in 
near Earth space has varied ın recent years 
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Between 1975 and 1978 the number was 1n- 
creasing at a rate of about 400 per year but 
more recently ıt has remained constant at 
just over 4,500 Radar sensitivity 1s suffi- 
cent to detect a large majority of objects 
bigger than 10 cm Sensitivity ıs less at high 
altitudes and for objects below heights of 
500 km The number of small untrackable 
objects probably exceeds the number of 
trackable objects by a factor of 2 

Orbital perturbations cause the argu- 
ment of perihelion and the longitude of the 
orbit’s ascending node to change fairly 
rapidly and this results in a umform 
distribution of spatial density as a function 
of geocentric longitude Analysis of the or- 
bital data leads to a value for the spatial 
density as a function of distance from the 
Earth and geocentric latitude The density 
is highest ın the equatorial regions since 
every satellite must cross the equatorial 
plane twice per orbit To calculate the 
number of impacts per unit time one needs 
to know the relative impact velocity 
Schnal and Pospíšilova came to the conclu- 
sion that 7km s! was a reasonable overall 


assembly from the realm of completely 
symmetric structures, such as the 
quaternary structures of oligomeric 
enzymes, for which the principles are 
obvious, one step towards the realm of 
asymmetric structures, such as the 
ribosome and the tertiary structures of 
enzymes, where the principles still elude us 


value ın near Earth space, agreeing with the 
previous estimate made by D J Kessler and 
BG Cour-Palais (J. geophys Res 86, 
2637, 1978) The computed mean is an 
averaged value resulting from two sets of 
collision velocities Satellite orbital inclin- 
ations are unevenly distributed, the major1- 
ty being due to satellites moving from west 
to east One velocity set peaks at about 
13 km s! and ıs due to head-on collisions 
between satellites orbiting ın opposite 
directions The other set ıs peaked around 
the 1 -3 km s! region and 1s due to 
satellites catching each other up 

The authors assume that the mean cross- 
section of a trackable body ıs 1 5 m? and 
that the untrackable objects have a mean 
cross-section of 0 001 m? Thecollision fre- 
quency, AC, 1s then given by 

AC = ALA VD? AS 

where A 1s the assumed average cross- 
sectional area, V 1s the relative velocity, D 
the spatial density and AS an element of 
volume Integrating over all the regions out 
to a distance of 4,000 km from the Earth’s 
surface results in an average collision fre- 
quency per year of 0 017 This 1s equivalent 
to around one spacecraft collision per 60 
years, the estimated uncertainties being 
about 50 per cent. 

This collision probability has remained 
reasonably constant over the last few years 
because the annual number of new 
launches has remained at about 120 per 
year Also, the recent solar maximum 
caused the atmosphere to expand and this 
has ‘cleaned up’ the lower regions by 
enhancing atmospheric drag and causing 
the small debris to spiralin quickly ‘Killer’ 
satellite tests and the accidental explosions 
of rocket motors have also decreased, thus 
lowering the number of small objects in 
near Earth space 

A space crash would cause a rapid 1n- 
crease in the number of small orbiting 
bodies, some of which may be capable of 
fragmenting another satellite and thus 
creating even more fragments But stull, 
with a rate of only one collision per 60 years 
or so, Schnal and Pospíšilová conclude 
that inner space ıs relatively safe o 
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Transcription of Xenopus 5S ribosomal 


RNA genes 


Laurence Jay Korn 
Department of Genetics, Stanford University School of Medicine, Stanford, California 94305, USA 





The accurate transcription of 5S RNA genes when injected into the nucleus of Xenopus oocytes or- 
when added to an in vitro transcription system has allowed identification of the DNA sequences and — 
one of the protein factors required for 5S RNA synthesis. Moreover, SS RNA genes as part of intact — 
chromosomes maintain a transcriptionally regulated state when injected into Xenopus oocyte nuclei, A 
detailed picture of the developmental regulation of 5S RNA gene expression is now emerging. — 





DIFFERENTIAL gene expression underlies many of the 
differences between cell types. Gene expression in turn is con- 
trolled at several levels, with transcription especially subject to 
cellular regulation. There are two general processes which need 
to be understood in the transcription of eukaryotic genes: one 
is the nature of the DNA signals and other macromolecular 
components required for the initiation and termination of tran- 
scription of any gene; the other is how transcription is regulated 
throughout development, that is, what determines whether a 
particular gene is transcribed at a specific time and in a specific 
cell, 

In the context of differentiation, the most interesting genes 
are those encoding proteins, as their products determine the cell 
phenotype. However, genes specifying a small, untranslated 
RNA molecule, the 120 nucleotide-long 5S RNA component of 
ribosomes, have so far yielded perhaps the most detailed 
picture of eukaryotic gene expression and its regulation. 5S 
RNA multigene families have been best characterized in the 
South African clawed toad, Xenopus, and are the focus of this 
review (Fig. 1). (For a more general review of eukaryotic gene 
transcription see refs 1-4.) 

In contrast to most eukaryotic mRNAs, which are modified 
after transcription by the addition of a 5‘ cap structure and a 3' 
poly(A)sequence and by the removal of intervening sequences 
(see refs 4-6 for reviews), Xenopus 5S RNA does not undergo 
post-transcriptional modification”™; the primary transcript is 
mature 5S RNA. This has facilitated the development of 
methods for transcribing purified 5S DNA (DNA containing the 
5S RNA genes and flanking spacer sequences). When injected 
into the nucleus of Xenopus oocytes” (immature, unfertilized 
eggs}, or incubated in a cell-free extract t, 5S DNA is 
accurately and efficiently transcribed (Fig. 2). These tran- 
scription systems have helped identify the DNA sequences and 
other macromolecular components required for faithful 
synthesis of 5S RNA. 

Not only are the 5S RNA genes well suited for transcription 
studies, but they are also amenable to investigations of the 
regulation of gene expression during development. In amphi- 
bians, there are two major classes of 5S RNA genes’®, the 
‘oocyte type’’”’’* and ‘somatic type’'®. The more abundant class 
of genes specifies oocyte-type 5S RNA; these genes are tran- 
scribed (active) during oogenesis, but are not transcribed in 
somatic cells'”'*. In contrast, the somatic-type 5S RNA genes 
are expressed in somatic cells as well as in oocytes'*. In the frog 
Xenopus laevis, transcripts from these two types of 5S RNA 
genes are the same length, but differ in sequence by six nucleo- 
tides’*'”, which allows the two types to be distinguished 
experimentally. The regulation of 5S RNA synthesis during 
development is discussed below. 
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Expression of 5S RNA genes in injected 


oocytes 

A method for accurately transcribing purified genes was needed 
to identify the DNA sequences required for RNA synthesis. The 
transcription of purified 5S DNA after injection into the nucleus 
of Xenopus oocytes was the first example of faithful tran- 
scription of an isolated eukaryotic gene (Fig. 2)°. In initial 
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Fig. 1 The organization of Xenopus 35 ribosomal RNA multigene families: 
X. laevis ooctye-type 55 DNA (Xlo), X. Laevis trace oocyte-type 5S DNA 
(Xit, the expression of these genes parallels that of Xlo SS RNA genes” 
X. borealis oocyte-type 58 DNA (Xbo); X. laevis samatic-type 59 DNA 
(Xis); X. borealis somatic-type 5§ DNA (Xbs). All 5S RNA genes occur in 
long tandemly repeating arrayes. A typical repeat unit of genes and flanking 
spacer DNA is shown for each family. Open blocks represent 58 RNA genes: 
those with superscript y represent pseudogenes. The base composition of 
the spacer DNA (% A +T} and the distance between genes or gene clusters 
(in nucleotides) is indicated. Spacer length heterogeneity is generally due to 
varying numbers of tandemly-repeating oligonucleotides in the 
spacer*****-") Somatic spacer sequences are G+C rich whereas oocyte 
spacer DNA is A+ T rich, The role of spacer DNA in multigene families has 
been reviewed elsewhere.” The DNAs that contain the structural genes for 
Xenopus oocyte- and somatic-type 58 RNAs have been isolated and 
cloned™ 324772, The nucleotide sequence of SS RNA'7??3-9 and the DNA 
sequence of a complete repeat unit of each type of 5S DNA has been 
determined '*-77-778.74.5 The dominant 55 RNA sequence of each of the 
five types of Xenopus 5S RNA differs from that of the other types by one to 
several nucleotides ”, The nucleotide sequences of 58 RNA from numerous 
other organisms have recently been reported’*. A structure resembling the 
5S RNA gene, a 5S ‘pseudogene’, which differs in sequence from the normal 
58 RNA gene by ~ 10%, is present in every repeat unit of X. laevis 
oocyte-type 5S DNAT and in some repeat units of X, borealis oocyte- 
type 58 DNA (ref. 23 and LJ. K. and D. D. Brown, unpublished results). In 
X. borealis oocyte-type 58 DNA, the number and relative position of genes 
and pseudogenes in each cluster is variable (ref. 23 and L., J. K. and D. D. 
Brown, unpublished results}, Pseudogenes can be transcribed by injection 
into oocytes”? or by adding them to an in vitro system’***. There are no 
pseudogenes in somatic-type 58 DNA**, The structural organization of the 
Xenopus 5S RNA genes has recently been reviewed”, 
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experiments, the template consisted of 5S DNA containing 
many tandem-repeat units of 5S RNA genes and surrounding 
spacer DNA (see Fig. 1 legend). The subsequent finding that a 
single cloned 5S DNA repeat can support accurate and efficient 
synthesis of 5S RNA when injected into oocytes (Fig. 2)'*"' 
demonstrated that each repeat unit contains all the information 
necessary for its own transcription. This eliminates the possi- 
bility that a site at the beginning of an array of tandemly 
repeating 5S RNA genes is essential for transcription of all the 
genes in the array. Further delineation of the specific nucleotide 
sequences and other factors required for accurate transcription 
was facilitated by the development of an in vitro transcription 
system. 


Expression of 5S RNA genes in vitro 


As purified RNA polymerase does not faithfully synthesize 5S 
RNA from naked 5S DNA, but transcribes faithfully chromatin 
containing 5S DNA”, it was clear that either certain structural 
features of chromatin or chromatin-associated components are 
required for accurate transcription. Unfortunately, chromatin 
fractionation has not led to the further identification of factors 
for transcription. Instead, the identification of transcription 
factors has come primarily from soluble in vitro transcription 
systems using purified 5S DNA and cell extracts. 

The first such in vitro transcription system consisted of 
manually isolated oocyte nuclei, disrupted by gentle pipetting 
and clarified by low-speed centrifugation”. The supernatant 
accurately and efficiently transcribed cloned 5S DNA (Fig. 2). 
An in vitro transcription system capable of synthesizing 5S 
RNA can also be made from whole oocytes'* and from extracts 
derived from cultured somatic cells'*?'*?. 

The extracts used in these in vitro transcription systems, 
whether prepared from oocytes? or somatic cells*', support 5S 
RNA synthesis from both oocyte- or somatic-type 5S RNA 
genes. Thus, although they efficiently and faithfully transcribe 
5S DNA, the in vitro systems do not show any develop- 
mental control. However, using such systems, significant pro- 
gress has been made in identifying the DNA sequences and 
other factors required for accurate transcription of 5S RNA, as 
reviewed below. 


Transcription initiation signals 


The minimum DNA sequences required for initiation of 5S 
RNA transcription as well as the sequences which influence the 
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Fig. 2 Polyacrylamide gel electrophoresis of radioactive RNA 
synthesized after injection of the following types of 5S DNA into 
Xenopus oocytes (a, b) or after addition of 5S DNA to an in vitro 
transcription system (c, d). a, High-molecular weight genomic Xlo 
5S DNA; b, plasmid containing Xlo 5S DNA; c, plasmid containing 
Xbs 5S DNA; d, plasmid containing Xbo 5S DNA. (Reproduced 
with permission from Brown and Gurdon’? and Brown er al.™.) 
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Fig.3 A, polyacrylamide gel analysis of RNA synthesized in an in 
vitro transcription system containing a Xenopus egg S100 with no 
additions (a), or supplemented with TF IIIA (b). The egg contains 
very low levels of TF IIIA. This experiment shows that TF IIIA 
is required for 5S RNA synthesis in vitro. (Reproduced by permis- 
sion from Honda and Roeder” .) B, effect of antibodies against TF 
IIIA on 5S RNA synthesis. Transcription in an oocyte extract 
(lanes c-e) or a somatic cell extract (lanes (/-/) was performed with 
a mixture of a cloned 5S RNA gene and a cloned tRNA gene. 
Lanes c and f, no additions; lanes d and g, plus non-immune IgG; 
(lanes c-e) or a somatic cell extract (lanes f-h) was performed with 
experiments show that TF IIIA is required for 5S RNA synthesis, 
but not tRNA synthesis. The oocyte, but not the somatic cell 
extract processes tRNA transcripts. (Reproduced with permission 
from Pelham et al.*’.) 


rate or precise site of initiation have been determined by corre- 
lating DNA sequence with transcriptional activity. Specifically, 
DNA sequences altered in vitro and recloned have been tested 
for their ability to support RNA synthesis. 

It is known that each repeat unit of SS DNA contains all the 
signals required for accurate initiation of SS RNA synthesis as 
individual cloned repeat units are transcribed accurately when 
injected into oocytes'”''. Furthermore, deletion of almost all 
the A+T-rich spacer sequence preceding the 5S RNA gene 
does not affect transcription****. In contrast to the situation in 
bacteria, where promoter sequences are located in the 5’ flank- 
ing region™* *", the minimum sequence required to direct initia- 
tion of transcription of 5S DNA has, surprisingly, been shown to 
lie near the centre of the gene*’””. A series of deletions of the 
Xenopus borealis somatic-type 5S RNA gene which extend 
varying distances into the gene from the 5’ or 3’ ends were 
constructed. These genes have been characterized by DNA 
sequence analysis and tested for expression in nuclear extracts. 
It was found that the entire 5’ flanking sequence can be deleted 
without loss of 5S RNA gene transcription’*”’. A transcript of 
approximately the correct size is still produced even when the 
first 50 nucleotides of the gene are deleted, although tran- 
scription is abolished by deletions extending to nucleotide 55 or 
beyond”. Similarly, initiation is not affected by deleting the 3' 
flanking region or by deleting the 3’ end of the gene as far as 
nucleotide 83, but is abolished in a gene deleted to nucleotide 80 
(ref. 30), 

The deletions from each end of the 5S RNA gene identify a 
central region between nucleotides 50 and 83 which specifies 
transcription initiation. RNA polymerase initiates transcription 
at an approximately fixed distance upstream from this control 
region. For example, when a DNA fragment consisting of the 
central region (nucleotides 41-87) was inserted into plasmid 
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DNA, it directed initiation at a site ~41 nucleotides 
upstream®’. In addition, 5S ‘maxigenes’ were constructed in 
which 6 or 20 nucleotides were inserted between the control 
region and the normal site of transcription initiation. In each 
case, transcription started within the gene rather than at the 
usual initiation site”. 

The precise site and rate of transcription initiation is 
influenced by sequences at or surrounding the start site*’*'*’. 
Deletions leaving at least 26 nucleotides preceding the 5S RNA 
gene are unaltered in their transcriptional efficiency’. In 
contrast, deletion mutants with a shorter 5’ flanking region are 
transcribed with decreased efficiencies. Furthermore, deletion 
of 5’ flanking sequences can also allow heterogeneity in the 
initiation site*’. These 5’ flanking sequences may include certain 
oligonucleotides that share homology with the flanking region of 
other genes transcribed by RNA polymerase III'***. The exact 
site of initiation may also be influenced by the preference of this 
enzyme for starting transcription with a purine residue'*”’. 
Moreover, an examination of initiation sites of transcription by 
RNA polymerase III reveals that the initiating purine is 
generally flanked by pyrimidines (Pyr™'Pur*'Pyr*’)'*. 


Factors required for accurate transcription 


initiation 


As discussed above, purified RNA polymerase III (the enzyme 
which transcribes 5S DNA in vivo; for review see ref. 34), and 
5S DNA are not sufficient for SS RNA synthesis in vitro. To 
search for other components which might direct accurate initia- 
tion, oocyte homogenates have been fractionated. In addition to 
RNA polymerase III, at least two protein factors are required, 
one of which has been purified (Fig. 3)****. Antibodies raised 
against this purified protein, transcription factor TF IIIA, inhibit 
5S RNA synthesis in vitro (Fig. 3)*'*’. When TF IIIA is mixed 
with 5S DNA, it binds to a region in the centre of both oocyte and 
somatic 5S RNA genes (nucleotides 45-96)**. This region 
includes that required for initiation of transcription (nucleotides 
50-83)”, Furthermore, the ability of deleted fragments of 5S 
DNA to bind TF IIIA correlates with their ability to transcribe 
5S RNA in vitro**. These results suggest that the influence of the 
central region on transcription initiation is mediated by TF IIIA. 

A protein that shows immunological cross-reactivity with TF 
IIIA has been isolated from somatic cells*’. It is unknown 
whether this protein, or the small amount of TF IIIA which is 
also present in somatic cells, is the factor required for 5S RNA 
synthesis in these cells. However, TF IIIA is not required for the 
expression of other genes transcribed by RNA polymerase III 
(Fig. 3)*°. 


abc 
TIS Fig. 4 Polyacrylamide gel 
= S oe analysis of RNA synthesized in 
sy ae Xenopus oocytes. 5S RNA genes 
a Ss in somatic nuclei injected into 
eer Xenopus oocytes continue to 
transcribe somatic-type 5S RNA, 
but do not reactivate the oocyte- 
type 5S RNA genes™. Approxi- 
mately 500 somatic nuclei pre- 
pared by lysolecithin treatment 
of X. laevis kidney cells growing 
in culture were injected into 
the nucleus of individual oocytes. 
The RNA from a single oocyte 
was electrophoresed in each lane 
of a non-denaturing polyacry- 
lamide gel (lanes a-c). Xlo and 
Xis 5S RNA markers are indi- 
cated. The non-denaturing gel 
system resolves RNA molecules 
of the same length but which 
differ in sequence (for example, 
Xlo and XIs 5S RNA)™. (Repro- 
duced with permission from 
Korn and Gurdon `.) 
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Transcription initiation signals for other 
eukaryotic genes 


As reviewed above, the sequence which directs the initiation of 
transcription of the Xenopus 5S RNA genes is contained within 
the gene. Whether this finding is general remains to be deter- 
mined, but probably depends on the polymerase responsible for 
transcribing the gene in question. Experiments analogous to 
those on the Xenopus 5S RNA genes show that an intragenic 
sequence also controls initiation of transcription of the 5S RNA 
genes in the newt Notophthalmus*’. Other genes transcribed by 
RNA polymerase III are controlled in a similar manner to the 
5S RNA genes; the control region is within the gene. DNA 
fragments containing tRNA genes from Xenopus*’, Droso- 
phila*' and Bombyx**™, in which the 5’ flanking sequence has 
been deleted, can still support accurate transcription initiation 
when injected into the nucleus of Xenopus oocytes or when 
added to extracts from these nuclei. In contrast, a fragment 
containing the entire 5' flanking region and the first 30 nucleo- 
tides of the Xenopus tRNA ~“ gene, but lacking the rest of the 
gene, cannot support tRNA synthesis**. A single base pair 
change in the middle of the yeast SUP4 tRNA™ gene (position 
+56) also prevents initiation of transcription*®. These results 
suggest that tRNA genes, like 5S RNA genes, contain within the 
gene a control region which directs transcription. There is also 
evidence supporting an intragenic control region for the adeno- 
virus VA RNA gene”, Sequence homologies have been repor- 
ted between the 5S RNA gene control region and analogous 
internal regions of the adenovirus VA RNA gene and tRNA 
genes??? ; 

The other eukaryotic RNA polymerases seem to require 
different DNA sequences for initiation of transcription. RNA 
polymerase II transcribes the genes which specify mRNAs 
for proteins. Deletion of the 5’ flanking sequence of these genes 
prevents their expression in vitro (for review see ref. 4), which 
implies that DNA signals in the region preceding the gene are 
essential for transcription by RNA polymerase II. In contrast, 
the region immediately surrounding the initiation site appears to 
be critical for gene transcription by RNA polymerase I. Prelim- 
inary results indicate that for the Xenopus 18S and 28S rRNA 
genes, the sequence defined by nucleotides —12 to +16 is 
essential for transcription initiation (B. Sollner-Webb and R. H. 
Reeder, personal communication). 


Transcription termination signals i 


Termination of Xenopus 5S RNA synthesis requires a cluster of 
four or more T residues in the DNA and is enhanced by an 
adjacent G+C-rich region***’**, These requirements have 
been demonstrated using mutants. A single base change (T > C), 
in the cluster of four T residues at which termination of 5S 
RNA synthesis normally occurs, allows RNA synthesis to con- 
tinue past this site’’’*, Deletions extending into the gene from 
the 3’ end, and thus deleting the T cluster at which termination 
normally occurs, prevent transcription termination, although 
the 3’ flanking sequence itself can be removed entirely without 
affecting termination*’**. Moreover, two yeast tRNA" muta- 
tions which increase a string of three consecutive T residues in 
the middle of the gene to five or six T residues, cause premature 
termination within the T cluster*®. A similar set of experiments 
shows that a high G+C content in the region immediately 
surrounding the termination site increases the efficiency of 
transcription termination“. Prokaryotic termination sequences 
share with 5S RNA termination sequences T clusters and G + C- 
rich regions, but also require dyad symmetries that are 
apparently not needed by the 5S RNA sequences***”’*”, 


Developmental regulation of 5S RNA 
synthesis 


To provide for the massive synthesis of proteins during early 
development, there are at least 1,000 times more ribosomes in 
an oocyte than in a somatic cell. Two different mechanisms, 
selective gene expression and gene amplification, are used by the 
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cell to enhance the rate of synthesis of ribosomal RNA (55, 18S, 
5.88 and 28S RNA) during oogenesis (see ref. 1 for review). 
Selective gene expression accounts for the synthesis of large 
amounts of 5S RNA. The 20,000 oocyte-type 5S RNA 
genes” per haploid chromosome set in X. laevis are present 
in all cells, but are only expressed in oocytes, where they account 
for >95% of the 5S RNA‘’'*. In contrast, the 18S, 5.8S and 
28S RNA genes use gene amplification to synthesize large 
amounts of ribosomal RNA during oogenesis. Xenopus has 450 
copies of the genes encoding these RNAs per haploid 
chromosome set’*’*. Disproportionate replication’*”*’ of these 
genes in oocytes provides extra templates for RNA synthesis, 
which are not used after the end of meiosis”®. 

When the oocyte matures into an egg, 5S RNA synthesis stops 
and remains inactive until blastula formation’’*’*°. At this 
point, somatic-type 5S RNA gene transcription resumes; soma- 
tic-type genes account for almost all 5S RNA synthesized 
throughout the rest of development. Thus, both the amount and 
type of SS RNA synthesized varies during amphibian develop- 
ment. 

Studies in vitro have suggested that the amount of 5S RNA 
gene transcription is regulated by feedback inhibition by the 
gene product, as 5S RNA specifically inhibits transcription of 
cloned 5S RNA genes’’. The mechanism of this inhibition has 
been determined: 5S RNA binds to TF HIA to form a 7S 
ribonucleoprotein particle, thereby competing with 5S DNA for 
TF IHA? As TF IIIA is essential for transcription of 5S 
RNA, high tevels of 5S RNA inhibit its own synthesis”’. This 
competition between 5S RNA and 5S DNA for TF IMA 
indicates that the amount, but not necessarily the type, of 5S 
RNA synthesized is determined by TF HIA. 

Several models have been proposed to explain the selective 
expression of oocyte- and somatic-type 5S RNA genes. In one 
model an activator, which may be limiting for transcription in 


somatic cells, has a greater or exclusive affinity for somatic- | 


compared with oocyte-type 5S RNA genes. TF HIA has certain 
of the properties of such an activator: for example, it is limiting 
for 5S RNA synthesis in somatic cell extracts’’*’. Moreover, the 
level of TF HIA and the rate of 5S RNA synthesis are both high 
in immature oocytes and fall rapidly when the oocyte matures 
into an egg’'?*°°?". However, because TF IIIA has only a 
fourfold greater affinity for somatic- than oocyte-type 5S RNA 
genes’, whereas the ratio of oocyte- to somatic-type 5S RNA 
changes 1,000-fold during development™, TF IIIA is unlikely to 
act alone in regulating transcription. The recent discovery of a 
factor in somatic cells?” which has immunological cross-reac- 
tivity with TF IHA raised the possibility that this factor may be 
involved in regulating 5S RNA synthesis. 

Alternatively, chromatin structure may control 5S RNA 
synthesis. Regions of highly condensed chromatin (hetero- 
chromatin) are normally inactive in transcription, perhaps 
because the DNA is not accessible to certain components of the 
transcriptional machinery. The 20,000 oocyte-type 5S RNA 
genes per haploid genome of X. laevis are located in blocks of 
~ 1,000 near the telomeres of the long arm of most or all of the 
18 chromosomes®’. The telomeres are thought to be hetero- 
chromatic in somatic cells®’; however, they may not be con- 
densed in oocytes, where the oocyte-type 5S RNA genes are 
transcribed. This association of the oocyte-type 5S RNA genes 
with the telomeres therefore offers a possible explanation of 
their developmental regulation. In support of this model, X. 
laevis liver cells labelled in organ culture or kidney cells in 
culture, do not normally synthesize oocyte-type 5S RNA‘ SS, 
However, in one tissue culture cell line some 5S RNA genes are 
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translocated to a novel site adjacent to the nucleolar organizer”. 
In this cell line, 10-20% of the 5S RNA synthesized is 
oocyte-type™. 

Other models for the developmental control of 5S RNA 
synthesis include a repressor—operator system analogous to that 
found in prokaryotes, and changes in the DNA methylation 
patterns during development. To differentiate between these 
models, a system is needed that mimics the regulated synthesis 
of 5S RNA and can be manipulated experimentally. There is no 
evidence of transcriptional regulation of 5S DNA purified from 
Xenopus or cloned into plasmids. When injected into Xenopus 
oocytes'”'', or added to an in vitro system prepared from either 
oocytes® or somatic cells’’, both oocyte- and somatic-type 5S 
RNA genes are transcribed. A likely explanation is that the 
proteins which are normally associated with the DNA in a 
eukaryotic cell are absent from cloned DNA. 

One study of the selective expression of oocyte and somatic 55 
RNA genes during development, without using isolated DNA or 
cloned genes, has involved the transplantation of somatic cell 
nuclei into Xenopus oocytes’*. When nuclei derived from 
erythrocytes or tissue culture cells are injected into oocytes from 
some frogs, they continue to synthesize somatic-type 5S RNA, 
but do not express the oocyte-type 5S RNA genes (Fig. 4). 
This finding leads to two important conclusions. First, 55 RNA 
genes as part of intact chromosomes behave differently from 
purified 5S RNA genes with respect to regulation of tran- 
scription. Second, the developmentally regulated transcription 
pattern of 5S RNA genes can be maintained when genes are 
transferred from one cell to another as part of chromosomes, In 
specific conditions, including treatment of nuclei with 
0.35M NaCl before injection (a condition which removes 
some nonhistone chromosomal proteins, but not histones), the 
oocyte-type genes can be reactivated“. Similar results have 
been obtained using isolated Xenopus chromatin’’. The ability 
to manipulate 5S RNA genes in chromosomes in such a way 
as to alter their transcriptional capacity should provide 
means of identifying factors involved in controlling their 
expression. 

Surprisingly, certain frogs have oocytes in which the oocyte- 
type 5S RNA genes of injected somatic nuclei are expressed 
(activating oocytes)**. When extracts from such activating 
oocytes are injected along with somatic nuclei into non-activat- 
ing oocytes, these genes are then expressed (L.J.K. and J. B. 
Gurdon, unpublished results). NaCl treatment of somatic 
nuclei or addition of extracts from activating oocytes may exert 
their effect by respectively removing or adding specific factors 
which control 5S RNA transcription’. Alternatively, they may 
act by altering chromatin structure and in so doing influence the 
ability of factors already present in the cell to regulate 5S RNA 
synthesis. With our present understanding of the DNA 
sequences and factors required for accurate transcription of the 
Xenopus 5S RNA genes, and the ability to modify selectively 
that transcription, a complete molecular description of the 
developmental regulation of 5S RNA expression may be in 
sight. 
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In an East Mediterranean marine core, the upper sapropel begins soon after the start of a global event—a very heavy 
precipitation which occurred in the equatorial latitudes during the late Glacial-early Holocene. This heavy precipitation 
in Africa, channelled by the Nile River across 35° of latitude, produced a low-salinity surface layer in the East 
Mediterranean. In this confined basin, with high bottom salinity, the steep salinity gradient stratified the water column. 
The stagnant bottom waters triggered the sapropel formation. Cretaceous sapropels in the tropical oceans may result from 
the same chain of events in warm, humid climates, with contrasting wet-and-dry seasonal rhythm. 


THE periodic sedimentation of black, pelagic muds rich in 
marine organic matter (sapropels) has been described exten- 
sively in Quaternary and Neogene cores of the East Mediter- 
ranean Sea’™. 

Sapropel formation involves the establishment of a steep 
vertical salinity gradient in the water column, initiated by highly 
saline bottom waters' and completed by a low salinity surface 
layer’**’*, which prevents thermohaline convection and 
triggers a stable density stratification’**. Stagnant bottom 
waters are rapidly depleted of oxygen, and this reducing 
environment preserves the pelagic organic matter. The 
epipelagic fauna is unusual in abundance, assemblage*’”” and 
isotopic composition®’”'°"'’, the mesopelagic fauna is normal 
and the benthic fauna almost disappears**'”"'*. Sapropels occur 
mostly during Quaternary warming phases, but also during some 
cool isotope stages ^57 stt, 
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As a key to stagnation control, several hypotheses on the 
origin of the low salinity surface layer have been formulated. 
The Eurasian ice-sheet meltwater hypothesis?*°''?*'° is 
rejected by our '*C data of the most recent sapropel, 11,760- 
7,950 yr BP: its flushing into the Mediterranean, through the =- 
Bosphorus, ended too early, around 13,500 yr BP (ref. 17), It 
may have lowered the sea surface salinity, but that did not 
trigger stagnation. 

The local Mediterranean increased rainfall hypothesis'*”, is 
not supported by pollen data (Fig. 1): in Greece and south-west 
Turkey, the warming trend started around 10,600 BP, and was 
probably accompanied by a small increase in moisture which 
became significant only after 8,200 yr BP (refs 18-20). Further 
south, in Crete’’, moisture increased around 9,500 and after 
10,000 yr BP in Syria”, where warming occurred at 
11,500 yr BP. 
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Fig. 1 Chronological setting for sapropel formation, East Medi- 
terranean and African precipitations, Indian Ocean events, 
Hatched zones indicate the wettest periods. 
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Around 11,000 yr BP, winters had a very low insolation in the 
Northern Hemisphere”, therefore it is unlikely that warmer 
winter temperatures might have prevented the convective sink- 
ing of the Mediterranean surface waters’. Downwelling now 
occurs in winter only in the North Adriatic Sea and around 
Rhodes”, Before stagnation, the marked contrast in seasonal 
insolation activated the thermohaline convection, with summer 
evaporation and winter downwelling. 

The hydrological isolation of the deep waters in the confined 
East Mediterranean basin”? progressively increased their 
salinity’, Stagnation occurred only when the surface water 
density became appreciably lower than the bottom water‘. The 
unusual bottom fauna associated with presapropel layers reflects 
this increasing bottom salinity as oxygen saturation declines 
when salinity increases. 

Precise dating of the most recent sapropel and isotopic and 
palynological analysis of its hydrological context suggest that it 
was the spreading over the sea surface of a low density, low 
salinity layer of great Nile River floods which triggered total 
deep-water stagnation. This high-nutrient discharge channelled 
the precipitation of a very wet period in equatorial Africa into 
the Mediterranean. 


Dating and ““O and ‘°C isotope analysis 


Core Medor 75-KS52 from the Levantine Basin (Fig. 2) (Strabo 
Trench, south-east of Crete, isolated from Crete by ridges, 
34°00’ N-26°19' E, water depth 3,118 m) displays the upper 
sapropel from 20 to 28 cm core depth. This is interrupted by a 
grey nanno-ooze oxygenated layer from 22 to 25 cm (ref. 13). 
The sapropel overlies a grey hemipelagic nanno-ooze (proto- 
sapropel) (40-28 cm) and is topped by a light brown nanno- 
ooze (20-0 cm). 

We have established °C ee from bulk carbonates above 
and below the sapropel (Table 1). The absence of detrital 
material >63 um does not suggest contamination by older 
carbonates. Since compensation occurs between the —400 yr 
apparent age resulting from the ‘*C 50% excess in marine 
organisms compared with terrestrial vegetals (from the ‘°C 25% 
enrichment of the former), and the +500 yr apparent age 
resulting from the ‘“C 60% depletion of marine dissolved C, 
no correction has been applied to the measured '*C age**®. 
Assuming a constant sedimentation rate, a linear age-depth 
regression | indicates a mean sedimentation rate between 2.0 and 
2,3cm yr’. Moreover, the isotopic stratigraphy of this core 
points to the rapid transition Younger Dryas—Preboreal, which 
took place sometime between 10,500 and 10,000 yr BP (ref. 
27), at core depth 25-24 cm, precisely during the sapropel 
interruption. 

Based on the two bracketing '*C dates and the 10,000 yr BP 
transition, a linear interpolation yields calculated ages of the 
two-layered sapropel of 11,760+142 to 10,440+ 129 yr BP, 
and 8,970113 to 7,950+ 102 yr BP. Although the generally 
accepted age has been 9,000-7,000 yr BP (refs 3,14), our 
chronology is strongly supported by our isotopic stratigraphy. 

'*8Q0/'°O and '°C/'’C ratios of the epipelagic foraminifera 
Globigerinoides ruber are presented in an unprecedently tight 
sampling of 34 levels in 50 cm of core length in Fig. 3. Oxygen 
isotopic compositions decrease overall by 3.75%, from about 
17,000 yr BP (40 cm core depth), through several large shifts, to 
minimal values reached between 8,000 and 6,000 yr BP (21- 
17cm). This 3.75%. decrease ought to correspond to the 
Termination I continental warming and melting of the northern 
ice sheet. However, it occurs here over 9,000—11,000 yr, which 
is much too long. Moreover, it displays three main phases: 

(1) A stepwise decrease averaging 2% between 40 and 28 cm 
(17,000-11,800 yr BP) before sapropel deposition (at 28 cm) 
but including several sharp oscillations of about 1% amplitude 
after 14,000 yr BP. The very high, sharp depletion peak at 
28 cm, is 1.5% higher than the previous average level, immedi- 
ately before the beginning of sapropel. 

(2) From around 11,000 yr BP to around 10,000 yr BP, a 


return to values slightly higher than at 17,000 yr BP. They 
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Table 1 Upper sapropel '*C dates in Mediterranean cores 


Depth Age 
Ref. Core Sediment (cm) (' C yr BP) 
72 Alb-194 Sapropel mud 9-17 8,3304 130 
73 V10-64 Carbonate in 23.5-28.5 
sapropel: 
coarse fraction 8,700 + 1,000 
fine fraction 7,400 + 200 
organic matter 8,400 + 250 
74 24M067 Sapropel 7,900 + 170 
75 OT26  Varved layer 174-178 8,210185 
OT25 Under finely core basis 9,640+ 150 
laminated layer 
14 P6510-4 Organic ooze 21-28 6,575 160 
above sapropel 
Sapropel 51-60 8,215+160 
(50-63 cm) 
Hemipelagic 101-110 10,475+140 
mud below 
This KS 52  Nanno-ooze 15-20 6,659 +89 
work above CRG 97 
sapropel-S1 
Nanno-ooze 35-40 = 15,945+ 196 
below CRG 98 
sapropel-S1 
Nanno-ooze 45-47 =20,011+323 
CRG 99 


appear during sapropel deposition and precede ~600 yr the 
deposition of the intercalated oxygenated ooze, during which 
the maximum ô '°O is reached. This interval of high values is 
synchronous with the Younger Dryas cold event (11,160- 
10,000 yr BP). 

(3) A second large, rapid decrease of 3.75% before deposition 
of the younger part of the sapropel, until minimal values are 
reached between 8,000 and 6,000 yr BP. A subsequent increase 
of ~ 1.4% leads to present day (average) values, which appear in 
the upper 10 cm. 

13C depletions correlate with minimal ô '*O values at 28.5 and 
23.5cm, but this species displays a rather strong non- 
equilibrium fractionation”. 


Palaeoclimatic implications 


The East Mediterranean basin thus experienced a slow and 
complicated isotopic transition from glacial stage 2 to postglacial 
stage 1. The overall 3.75% 6 '*O variation is more than double 
the 1.7% normal difference between glacial stage 2 and present- 
day values. The 2.05% additional difference is too large to 
signal only a temperature increase, which would be an excessive 
+10°C. A 2-3 °C increase is generally accepted in the Mediter- 
ranean during Termination I°*, accounting for a ôO of 
—0.7%. The remaining 1.35% has to be accounted for by fresh 
water influx forming a low salinity surface layer®”"°"” 

Moreover, both **C and '*O isotope depletions occur rapidly 
before sapropel deposition. A simple calculation shows that the 
isotopic composition of the fresh water entering the Mediter- 
ranean has to be higher than —10%. This low estimate suggests 
that precipitation and river discharge are the dominant source of 
the surface brackish water layer, and not ice sheet meltwater, 
which would have an isotopic composition around ~30%. River 
floods started around 12,500 yr BP (second half of the first 
decrease), waned around 11,000 yrBP, and reappeared 
immediately after 10,000 yr BP. 

The earliest 2.5% 8 '*O decrease (45-30 cm), dated 20,000- 
12,600 yr BP, is accounted for by three elements: part of the 
1.7% global isotopic effect, the 2~3 °C temperature rise, and 
some salinity decrease due, until 13,500 yr BP, to meltwater 
influx through the Bosphorus. Partial stagnation developed, 
resulting in the grey protosapropel layers. Sapropel formation 





was triggered, after a 230-yr time lag, by the second, sharp, 
highest 1.5% 8 O depletion, (30-28 cm) between 12,600 and 
11,700 yr BP, entirely a salinity effect due to heavy floods. 

The Nile River is the only contender for such a discharge. 
Before the Aswan High Dam construction, Nile flood water was 
partly carried eastward along the Israeli coast, where it flowed as 
a 15-m thick surface layer, decreasing the salinity from its 
normal values of 38.8% to 31.80% in September”. Local rain- 
fall from December to March decreases the salinity only to 36% 
(ref. 30). The Nile flood does not seem to exert a temperature 
effect”. Present-day mean weighted isotopic values of pre- 
cipitation at Entebbe, Uganda, is -2.91% (ref. 31). The 
freshwater discharge becomes brackish when mixed by winds, 
currents and internal waves with the seawater. The Nile origin of 
the brackish surface layer accounts for the frequently observed 
east-west gradient of decreasing stagnation and surface 
productivity in the sapropels. A 10% decrease (from 38% to 
34-35%) of the surface salinity is sufficient to induce water 
stratification. Today, stable stratification is observed seasonally 
in the open tropical oceans where the freshwater discharge of 
large rivers spreads as a brackish surface layer (<50 m deep), 
sometimes as far as several hundred kilometres. Stratification 
from monsoonal discharge occurs in the Andaman Sea, caused 
by the Irrawady”’, off the West Coast of India with the runoff 
from the Ghats’, and from non-monsoonal (zenithal) dis- 
charge, in the West Equatorial Atlantic under the influence of 
the enormous Amazon flow, which sends isolated lenses of 
brackish water as far as Barbados”. In all these cases, a 2-4% 
vertical salinity gradient in the upper 50 m is responsible for the 
density stratification, whereas the generally warm temperature 
has little effect on the pycnocline. 

The present day Amazon discharge (75 times the Nile), would 
cover the entire Mediterranean Sea with a 3-m deep freshwater 
layer in one year”. If the late Glacial Nile discharge was 2.5 
times larger than today, like the present Zambeze, it could have 
accumulated a 25-m deep freshwater surface layer over the 
Levantine and Ionian basins in only 15 yr. The lags we see in the 
core between the two sets of heavy floods and sapropel 
incipience are 230 and 800 yr. 

The very rapid 3% 6'*O increase from 28 to 26.5cm 
(11,000-10,000 yr BP) is a result of the cumulative effects of the 
Younger Dryas glacial buildup, the colder temperatures, and the 
dramatic decrease of Nile floods, resulting from the simul- 
taneous period of aridity in equatorial Africa. This arid episode 
is clearly seen in many African low lake levels and pollen 
diagrams (Fig. 1). It occurred even though the very high incom- 
ing summer insolation” could have been expected to promote 
heavy tropical rainfall. The insolation effect in this case is 
overrun by the atmospheric cooling of high-latitude origin. 
Colder temperatures in the Mediterranean area are reflected in 
the Macedonian pollen diagram (zone Y3)'”. 

The sharp 3% 6 O depletion from 24.5 to 23.8 cm took 
place in about 300 yr. It is much too large and rapid to be caused 
solely by ice melt and warming of the Younger Dryas~Preboreal 
transition”. It signals a salinity lowering due to resumption of 
heavy Nile floods after 10,000 yr BP. They correlate with the 
African main rainy period from 10,000 to 8,000 yr BP which 
builds the highest lake levels around 9,500 yr BP (Fig. 1). 

The second half of the sapropel is a consequence of these 
fioods. The time lag between the high foods and sapropel 
incipience is ~800 yr, which is much longer than the previous 
one, because the floods discharged over a much more saline sea 
surface. 

In the shallower East Mediterranean core GA32, the bottom- 
to-surface 5 ‘°O gradient increases suddenly at two levels, 
suggesting a two-step flooding sequence'*. The isotopic varia- 
tion related to salinity change is also 1-1.5% here. 

Although high nutrient input and planktonic productivity are 
associated today with the arrival in September of the tongue of 
Nile flood water off the Israeli coast*°*’*°, one should not argue 
that the low '*C/'*C ratios in surface waters are caused by a 
higher nutrient input. (Each plankton net haul yields 3 cm’ of 
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Fig. 2 Location of core and mentioned sites. 1, Core K$52. 2, 
Core off the Senegal River mouth. 3, Lake Bosumtwi, Ghana. 4, 
Core off the Niger River mouth. 5, Lake Tchad. 6, Ruwenzori, 
Lake Mahoma. 7, SW Uganda, Muchoya Swamp. 8, Lake Victoria, 
Pilkington Bay. 9, Cherangani Hills. 10, Mt Kenya, Sacred Lake, 
Lake Rutundu. 11, Lake Mobutu Sese Seko (Albert). 12. Lake 
Turkana (Rudolf). 13, Mt Badda. 14, Ethiopian Rift Lakes. 15, 
Afar Lakes. 16, Ghab Valley, Syria. 17, Sogtit, Anatolia. 18, Aghia 
Gallini, Crete. 19, Tenaghi Philippon, Macedonia. 20, Xinias 
Lake. 21, Edessa. 22, Ioannina. 23, Ivory Coast littoral. 


plankton in August, 30-35cm* in September; the yearly 
average is 4.7 cm* and the spring bloom reaches only 12.5 cm° 
(ref. 31).) In the Indian Ocean, the 6 °C of shallow dwelling 
foraminifera is not related to nutrient supply of upwelling 
origin®’. High primary productivity might even be the cause of a 
higher 6 ‘°C of the XCO, at the same depths (J. C. Duplessy, 
personal communication). Thus, the depletion we measure.in 
core KS52 are related to the influx of organic rich freshwaters 
(with a low “°C/"C ratio of the SCO.) of continental origin. 
These low surface ratios result in an intense vertical 8 °C 
gradient in the water column. 


Pollen 


The upper sapropel pollen spectrum (pollen sum 356) (around 
9,500 yr BP) predominantly reflects a Mediterranean (48.2%) 
and warm temperate (6.5%) vegetation. It is very similar to the 
earliest Holocene in Macedonia (Zones Z1 and 2, 10,300- 
9,000 yr BP)'”. An open (herbaceous: 45.4%) oak (31.1%) pine 
(15.1%) forest occupied the Greek and Turkish Mediterranean 
shores, and broad-leaved trees (6.5%) requiring more summer 
moisture grew higher on the slopes. Littoral or desert halophytes 
(11.1% } were more abundant here than in Macedonia. The cold 
steppe Artemisia is hardly present (6.0%). The pollen is trans- 
ported by wind to the sea surface, then dispersed by currents as a 
pelagic element”. Well specified Nilotic pollen” is absent: the 
Nile water does not appear to carry pollen further than its 
sedimentary load; they are only found in Nile silt. The low 
density characteristic of the Nile water is thus preserved far 
beycnd the silt and pollen deposition limits. The geological 
implication is that bottom waters in a deep or shallow basin may 
become anoxic under the influence of fluvial discharge even if 
the local climate reflected by pollen cannot feed such rivers, and 
even where clastic sediments do not reach. In fact, bottom 
anoxicity may occur whatever the lithology of the depositing 





sediment, provided distance from the continent is not too great. 
Moreover, this limiting factor can be enlarged in a globally warm 
climate like the Cretaceous, during which weak winds and 
sluggish ocean currents do not enhance water mixing. 


Late Glacial-early Holocene equatorial deluge 


During the last Glacial maximum (19,000-13,000 yr BP), 
extreme aridity spread in the tropics. It was immediately 
followed, during the late Glacial-early Holocene (Alleréd- 
Preboreal—Boreal), by an equatorial heavy rainfall period of 
global scale, recorded by pollen, in northern South America 
(Guantiva Interstadial)”’, the Galapagos*®*', most probably 
New Guinea*’, with extensive wet Lower Montane Nothofagus 
forest, Sumatra", and the Indian Ocean and Africa. Raised lake 
levels are also conspicuous. It was the wettest period of the past 
20,000 yr. 

The formation of the Mediterranean sapropel results from a 
link (the Nile River) across 35° lat. between this climatic event in 
equatorial Africa and the marine hydrology. The relevant data 
are shown in Fig. 1. 

In Africa, from west to east, and within 10° N of the Equator, 
the highest precipitation is recorded between 12,500 and 
8,000 yr BP. In West Africa, data are from the southern 
drainage area of Lake Tchad**, the Ivory Coast mangrove 
peat*’, the level of Lake Bosumtwi in Ghana*®, and the Niger 
River discharge*’. North of 10° N, the onset of the rainy period 
is delayed. The mangrove along the Senegal River lower course 
(17° N) thrives after 9,600 yr BP (ref. 48), and the high level of 
Lake Tchad (13-15° N)*’ and its wettest vegetation” occur after 
8,500 yr BP. 

In East Africa, where the Nile watershed is situated, reinter- 
preted pollen data from the mountains, 3 °S~2°N, correlate 
aridity before 12,000 yr BP with a cool climate, and moisture 
thereafter with a warm climate*’*’. On the Ugandan (Ruwen- 
zori, Kigezi°*>*) and Kenyan (Mt Kenya, Cherangani Hills****) 
mountains, the shift towards a wetter and warmer vegetation 
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Fig. 3 Sapropel age, **O and "C isotopes stratigraphy in core 
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belt, of different types according to the altitude of the site, 
started as early as 12,700yrBP and developed around 
10,800 yr BP. The warmest and wettest local vegetation is 
usually installed around 8,000 yr BP. 

In the lowlands around Lake Victoria, the moisture increased 
after 12,500 yr BP, and the wettest climate is signalled between 
9,500 and 7,000 yr BP by the vegetation, the lake level and its 
sediments’’. A widespread dry spell, synchronous with the 
Younger Dryas, is recorded between 10,800 and 9,500 yr BP in 
the low levels of Lakes Bosumtwi, Tchad and Victoria, as well as 
in the vegetation around Lake Victoria and on Mt Kenya. 

Before 12,000 yr BP, the Main Nile was dry most of the year, 
the meagre summer flow fed only by the weak Ethiopian 
monsoon. After 12,000 yr BP, the East African bi-seasonal 
rainfall was higher and the White Nile became a very large 
permanent river, well regulated by the lakes*'*7**, Its catch- 
ment area was expanded from 9,500 to 7,500 yr BP by the 
inclusion of the much higher, larger Lake Turkana”. 

Wetter conditions occurred on the southeastern Ethiopian 
Plateau at Mt Badda, after 11,500 yr BP or possibly only 
9,500 yr BP (ref. 60). 

Drained by the Blue Nile and the Atbara, the northern 
Ethiopian Highlands (10-13°N) are inaccessible, but their 
palaeoclimate is documented by the peripheral Rift and Afar 
Lakes®’. The lake levels were highest, much above today, and 
they merged between 9,500 and 8,500 yr BP. The Ethiopian 
summer flood of the Nile was therefore much heavier. This 
seasonal variation accounts for the lamination of the sapropels: 
the white laminae are formed by coccoliths'* blooming with the 
flood, rich in dissolved ions of Ethiopian basalt origin. 

The Nile Valley aggradation records these floods mostly from 
12,000 to 11,000 yr BP, and from 8,000 to 7,000 yr BP in Sudan 
and Upper Egypt°’°*°?, There, aggradation indicates a “wild 
Nile with aberrant summer floods of a phenomenal volume’”*’. 
Moreover, higher local Sudanese (15° N) rainfall, which may 
have reached 550 mm yr™’ (163 today)**, between 8,000 and 
7,000 yr BP (ref. 57), suggests decreased evaporation along the 
course of the Nile. Today, evaporation in the Sudanese swamps 
heavily reduces the Nile discharge. 

The African and Indian monsoons, of equatorial westerlies 
origin, both controlled by the continental heat trough, displayed 
the same peak when the summer insolation was higher than 
today around 11,000 yr BP. At that time, strong monsoonal air 
flow and high rainfall in India is suggested by low sea-surface 
summer temperature in the Arabian Seat, due to strong 
upwelling induced by the southwesterly air flow, a mangrove 
much more extensive than today on the Indian coast near 
Bombay (E. Van Campo, personal communication), and river 
discharge higher than today in the Bay of Bengal“. The Inter- 
tropical Convergence of the tropical easterlies, with its zenithal 
rains, was reactivated in East equatorial Africa. 

From the eastern tropical Atlantic to the Bay of Bengal, along 
the inner tropics of the African continent and Indian Ocean, and 
in the other equatorial longitudes, as the summer insolation was 
highest, the late Glacial-early Holocene was a very wet period, 
the most humid of the past 20,000 yr. From around 
12,500 yr BP, during the Bolling—Alleréd interstadial, the 
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higher rainfall belt migrated progressively from the Equator 
polewards through the Preboreal and Boreal. The Atlantic was 
the wettest period in the 50-55° N lat. zone. It was set back by a 
drier episode which corresponds to the cold Younger Dryas, 
recorded in the Mediterranean sapropel by the disappearance of 
the brackish surface layer, thus interrupting the stagnation from 
10,400 to 9,000 yr BP. 


Conclusion 


The Mediterranean two-layered upper sapropel in core KS52 is 
dated at 11,800-10,400 yr BP and 9,000-8,000 yr BP, the 
interruption resulting from the Younger Dryas cold/dry event. 
This is too late to be caused by the influx of Eurasian ice-sheet 
meltwater. Instead, oxygen and carbon isotope variations in 
planktonic foraminifera show that the light, low-salinity, organic 
and nutrient rich sea-surface layer which spread slightly before 
sapropel deposition and selectively increased the planktonic 
productivity, originated as rainfall. The pollen record around 
the eastern Mediterranean does not indicate much increased 
local rainfall at that time. Meanwhile, in equatorial Africa, very 
heavy rainfall began at 12,500 yr BP and culminated between 
10,000 and 8,000 yr BP. We conclude that this equatorial 
deluge, channelled by the Nile River over 6,700 km is, as 
already suggested***, the source of the surface brackish-water 
layer in the Mediterranean. This layer enhanced the vertical 
salinity and density gradient, and established stable 
Stratification. Thus bottom stagnation was triggered in this 
hydrographically restricted deep basin, and sapropel formation 
resulted. The East Mediterranean behaved as an ectogenic 
meromictic lake as a stratified estuary and as a fjord during the 
stagnation events. 

The establishment of these climate links have far-reaching 
geological implications. 

(1) The Quaternary climatic chronology of Africa is recorded 
in the eastern Mediterranean subsurface. Sapropels are formed 
during all the periods of high summer insolation of the Northern 
Hemisphere displayed by the Milankovitch curve, which occur 
even during glacial isotopic stages 3, 4 and 6. The isotope 
stratigraphy supports these correlations. 

(2) Widespread marine stagnation events occurred during 
certain short and well-defined periods of the Cretaceous. They 
deposited pelagic laminated sapropels and we suggest that they 
result from the same chain of events as this recent Mediter- 
ranean sapropel, In equatorial West Gondwana around the 
opening Atlantic, the thick fluvio-deltaic sediments of the Bar- 
reirinhas Basin suggest great river discharge in a seasonally very 
humid tropical climate, with a contrasting dry season enhancing 
evaporation. These Cretaceous sapropels may be important as 
possible petroleum generating environments. 
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X-ray diffraction data from polyoma capsid crystals were phased by refinement of low-resolution starting models to obtain a 
self-consistent structural solution. The unexpected result that the hexavalent morphological unit is a pentamer shows that 
specificity of bonding is not conserved among the protein subunits in the icosahedrally symmetric capsid. 
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X-RAY crystallographic studies on polyoma virus were begun to 
visualize the protein subunit packing in the icosahedral capsid 
and to explore the way in which the chromatin core of this 
tumorigenic virus is packaged inside its protein shell’. Analysis 
of electron micrographs has established that the capsid consists 
of 12 five-coordinated and 60 six-coordinated morphological 
units’ (capsomeres) arranged on a T = 7d icosahedral surface 
lattice? (Fig. 1). It has been presumed, based on the principles 
formulated to account for the morphology and chemical 
composition of simple icosahedral virus particles*, that the 
capsids of the T = 7 papova viruses should be constructed from 
420 identical protein subunits quasi-equivalently bonded into 
12 pentameric and 60 hexameric capsomeres. High-resolution 
X-ray structure determination of tomato bushy stunt virus® and 
southern bean mosaic virus® has established that quasi- 
equivalence is used to conserve essential bonding specificity 
among the 180 chemically identical subunits of these T = 3 
icosahedral capsids. Our 22.5-A resolution electron density 
map of the polyoma capsid reveals unexpected substructure in 
the hexavalent capsomere that is inconsistent with the expec- 
tation of quasi-equivalent bonding of identical subunits. (The 
adjectives ‘hexavalent’ and ‘pentavalent’ are introduced to 
identify the six- and five-coordinated morphological units 
without prejudging the nature of their substructure.) 

The starting point for our analysis of the polyoma capsid 
diffraction data was a model representing the coarse surface 
features seen in the three-dimensional image reconstruction 
from electron micrographs of negatively stained particles’. The 
capsomeres in this image reconstruction appear as hollow, 
stubby protrusions with no regular substructure, about 50 A in 
diameter and separated from their nearest neighbours by 80- 
90A at a radius of 200A in the capsid. Pentavalent and 
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hexavalent morphological units appear to be about the same 
size, which would not be expected if they were composed of 
pentamers and hexamers of identical protein subunits. 

Cells infected with polyoma virus and other papova viruses 
produce, in addition to intact virions and empty capsids, hollow 
tubular particles that appear to be polymorphic assemblies of 
the capsomeres’. There are two categories of tube: wide tubes, 





Fig. 1 T= 7d icosahedral surface lattice with five-, three- and 
two-fold axes marked. The drawing shows one side of the poly- 
hedral surface consisting of 60 six-coordinated and 12 five-coor- 
dinated lattice points at the same radius. The location of the 
six-coordinated point is that determined for the hexavalent 
morphological unit in the polyoma capsid. 
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Fig. 2 Location of the hexavalent unit in the icosahedral surface 

lattice. The R factor comparing the calculated and measured 

diffraction pattern is plotted as a function of the position of the 

_ hexavalent unit in the icosahedral cell defined by the five-, three- 

and two-fold axes (see Fig. 1). The model giving the smallest R 
factor is shown in Fig, 3a. 


about the diameter of the virion, which are built of capsomeres 
arranged in a hexagonal surface lattice, and narrow tubes, which 
Kislev and Klug® showed to be constructed of pentameric 
capsomeres arranged in a lattice they called a ‘pentagonal 
tessellation’. The capsomeres of the wide tubes were presumed 
to be hexamers but the chemical and structural relationships 
between the morphological units of the ‘hexamer’ and 
‘pentamer’ tubes could not be established at that time. In the 
light of our results new questions are raised about the structure 
of these polymorphic assemblies of the capsid subunits. 

Complete virions contain seven different proteins, four of 
which are cellular histones associated with the DNA, the other 
three (VP1, VP2 and VP3) being virus coded’. VP1 (molecular 
weight (MW) ~42,000) is the major capsid protein. The 
function of VP2 and VP3 (MW ~ 35,000 and ~23,000, respec- 
tively), which constitute less than 20% of the virion proteins, is 
not clear. Purified capsids have been prepared that contain only 
VP1"° and these particles have normal morphology. Thus, the 
pentavalent and hexavalent capsomeres seem to be built of 
identical VP1 subunits. 


Crystallography 

Polyoma virus capsids of the strain Sp-34 were isolated as 
previously described'’. The preparation used for growing crys- 
tals consisted predominantly of the major capsid protein, VP1, 
and only a small amount of VP2 and VP3 compared with the 
intact virion. Crystals, in the rhombic dodecahedral form’’, 
were grown by equilibrating a solution of polyoma virus capsids 
at 4 mg ml’ in 0.02 M Tris pH 9.5 and 0.17 M sodium sulphate 
against 0.55 M sodium sulphate by vapour diffusion. Crystals 
grew over a period of 1 month at room temperature. These 
crystals diffracted to a resolution of at least 8 A. The icosahedral 
capsids, of packing diameter 495 A, are located at the centre and 
corners of the b.c.c. lattice (space group 123, unit cell edge 
572 A) with particle two- and three-fold axes coincident with 
the crystallographic axes’. Diffraction data were collected to 
22.5 A resolution by screened precession photography (crystal- 
to-film distance 150 mm) with an Elliott GX6 rotating anode 
X-ray generator using a 0.2-mm focal cup and two perpendic- 
ular-focusing mirrors*?. A total of 11 zero level (u = 2°) and 4 
upper level (u = 1.5°) photographs were collected, each a 48-h 
exposure. These gave 1,481 independent reflections between 
(1/150) and (1/22.5) A spacing, representing 94% of the data 
within this resolution range. The individual films were digitized 


111 





on an Optronics P1000 densitometer at 50 um scanning raster 
and processed using a modified version of the Harvard Scan-11 
system on a PDP-11/40 computer. The films scaled together 
with an R factor measuring the mean variation in intensity of 
symmetry-related reflections of 5.7%. 


Models for phase refinement 


Trial phases, calculated to 30 A resolution from models based 
on information from electron microscopy’ and small-angle X- 
ray diffraction’, were refined and extended to 22.5 A resolution 
by imposing the constraints of non-crystallographic symmetry 
and solvent flattening. This approach is similar to that used to 
determine the structure of southern bean mosaic virus to 22.5. A 
resclution’*. Our starting model of the polyoma capsid, consis- 
ting of 72 morphological units arranged in a T = 7d icosahedral 
surface lattice (Fig. 1), is a non-centrosymmetric structure. 
Consequently, calculated trial phases will introduce the non- 
centric component of the structure factors from the start. This is 
essential to the quality of the subsequent real-space phase 
refinement and extension. 

Models consisting of 72 hollow cylindrical capsomeres on a 
spherical shell were formulated with 9 adjustable parameters 
defining the size and position of the structural elements. Phases 
from these models were calculated by Fourier transforming a 
density map generated in a lattice corresponding to the polyoma 
crystal. The model parameters were adjusted by comparing the 
calculated and observed structure factor amplitudes. The 
models which gave the best R factor fit were built from 
morphological units about 40 A high and 80 A in diameter with 
a 35-A diameter axial hole, resting on a shell extending from a 
radius of 180-200 A. The effect of moving the hexavalent 
morphological unit in this model is shown in Fig. 2, where the R 
factor is plotted as a function of position. The position of the 
minimum is close to the hexavalent capsomere location. ob- 
served in Finch’s image reconstruction from electron. micro- 
graphs’. A projection of this ‘best’ model down a two-fold axis is 
shown in Fig. 3a. The R factor for this model to 30 A resolution 
was 50% where R is defined as 


È |Fol 


where |F,| and |F,| are observed and calculated structure factor 
amplitudes. The R factor as a function of resolution is shown in 
Fig. 4a. 


Particle envelope 


Flattening the solvent regions of the electron density map places 
a powerful constraint on the low resolution phases and also 
provides the basis for phase extension. Thus, the envelope 
chosen to enclose the virus capsid is critical in the phase 
refinement and extension. The envelope used was a spherical 
shell extending from 165A to 260A truncated by planes 
perpendicular to the icosahedral three-fold axes 247 A from the 
virus centre. These boundary planes bisect the line of contact 
between virus particles along the crystallographic three-fold 
axes. The three hexavalent units adjacent to the crystallographic 
three-fold axis make contact tip to tip with the related set on the 
neighbouring particle. As there is no discernible interdigitation 
of the capsomeres at this resolution, the boundary planes 
perpendicular to the three-fold axes define the volume asso- 
ciated with one virus particle. 

Solvent density for both the interior and exterior of the capsid 
was taken as the average observed density of the shell extending 
from.160 to 165 A. This approach was used because omitting 
unmeasured low-resolution <(1/150) A reflections in the initial 
calculations results in spurious electron density ripples inside the 
capsid. When the average density of the total solvent region 
defined by the particle envelope was used as suggested by 
Bricogne”’, the refinement calculation converged more slowly. 
Nevertheless, both methods of determining the solvent density 
gave very similar final values. 
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Fig.3 Density maps of the top half of particles (diameter 495 A) projected down a two-fold axis (orientation as in Fig. 1). The maps were scaled 

to have the same total electron density and were photographed directly from a 256 grey scale TV graphics display. a, Model map at 30A 

resolution; b, map computed using observed data and model phases to 30 A resolution without refinement; c, 30 A resolution refined map; d, 

refined map at 22.5 A resolution calculated by phase extension from 30 A. Note how the substructure in the morphological units develops as the 
refinement proceeds. Even at 30 A resolution the hexavalent unit has a pentagonal appearance. 


Refinement method 


The calculated phases from the model structures were refined to 
30 A resolution against the observed structure factor amplitudes 
by imposing the constraints of solvent flattening and the five- 
fold non-crystallographic symmetry'*’’. An electron density 
map was calculated to 30 A resolution using the model 
phases and observed amplitudes, and averaged over the five 
non-crystallographic asymmetric units within the particle 
envelope. The observed amplitudes were weighted according 
to their fit to those calculated from the model according to the 
scheme 


|Fo| —|F-| 
W =ex (- =) 
P [Fol 


This simple weighting scheme gave faster convergence than that 
suggested by Sim`ë, but the final phase set was not sensitive to 
the weighting procedure used. 

The averaged, solvent-flattened density map was Fourier 
transformed to calculate phases and amplitudes for the first cycle 
of refinement; the r.m.s. phase difference and R factor compar- 
ing initial and refined structure factors were evaluated; refined 
phases were combined with measured amplitudes to initiate the 
next cycle of refinement; these calculations were iterated until 


Fig. 4 R factors comparing 

the agreement between ob- 0.7 
served and calculated structure 
factor amplitudes. a, As a func- 
tion of resolution comparing 
initial model and refined mapat £ 
30 Å resolution; b, as a func- 0.3 
tion of refinement cycle at 30 Å 
resolution; c, as a function of 
resolution for the phase 
extension from 30 to 22.5 Å 30 40 
resolution; d, as a function of 

intensity for the 22.5 A refined 

map. For a and c the points are 

plotted so that the interval 

between points corresponds to 0.7 

equal volume increments in 

reciprocal space. The starting 95 

model (Fig. 3a) fits the ob- 
served data best in the 40-50 A 
resolution range where there is 0-3 
a strong modulation in the 
transform determined by the 4 
surface lattice arrangement of 

the morphological units’. After 

14 cycles of refinement (b) 

there is a substantial improve- 
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the calculated phase difference and R factor did not change 
significantly from one cycle to the next. 

There are two possible orientations for the icosahedral five- 
fold axis in the 123 unit cell. The orientation used was that 
indicated by the intensity spikes in the diffraction patterns’. If 
the alternative orientation of the five-fold axis was chosen, the R 
factor between refined and observed structure factors never 
dropped below 50%. The standard deviation in the density 
between the five icosahedral units in the crystallographic 
asymmetric unit for the correct orientation was 1/7th of that 
calculated for the alternative. 

Omission of the unmeasured data below (1/150) A spacing 
systematically lowers the calculated amplitudes for the observed 
structure factors below (1/100) A spacing. The amplitudes of 
the innermost observed reflections are the largest in the data set 
and dominate the scaling of the calculated to the observed 
structure factors. This effect was mitigated by including the 
calculated values for the unmeasured data after the fourth cycle 
with a weight of 0.9. Reduced weighting was applied to avoid 
divergence of these large terms in the iterative refinement. 
Various test calculations have established that the low order 
data can be accurately estimated from the higher resolution 
data. Without the eight calculated values for the missing low 
order data, the refinement converged to only 27% as compared 
with 10.5% with these data after 14 cycles of phase refinement. 
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ment in the fit between the calculated and observed amplitudes at low resolution (a). The structure amplitudes phased by extension from 30 
to 22.5 A resolution represent over half of the total data to this resolution. The R factors for these higher resolution data (c) are uniformly 
satisfactory. The phase extension also leads to an improvement in the R factor for the data to 30 A resolution by reducing series termination 
effects. Plotting the R factor of the 1,343 non-zero reflections as a function of intensity (d) shows that there is a correlation between the R 
factors and the accuracy of the data which are more precise for the stronger reflections. 
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Fig. 5 Views of half the capsid (495 A diameter) down the 
five-fold axis (a, b) and down the axis of the hexavalent unit (c, d). a 
And c are computer graphics projections of the electron density 
map at 22.5 A resolution, b and c are photographs of a model of 
stacked sections of the map at 30 A resolution with the external 
contour level set at 0.2 of the maximum density. The half-model 
was built symmetric about the five-fold axis (b), thus, when it is 
tilted to view down the hexavalent unit (d) the bottom portion of 
the image is incomplete. 


Figures 3a-c and 4b illustrate the progress of the refinement 
in real and reciprocal space. Figure 4b shows the R factors as a 
function of refinement cycle. Figure 3a represents the starting 
model to 30 A resolution, Fig. 3b the unrefined structure cal- 
culated from the observed amplitudes with model phases, and 
Fig. 3c the refined structure at 30 A resolution. 


Tests of refinement method 


There is no established criterion for determining the correctness 
of the electron density map described subsequently. Because the 
map shows unexpected features, considerable effort was 
devoted to demonstrate the uniqueness of the refinement. 
Phases from any model consisting of 72 bumps distributed on 
the surface of a spherical shell, in a manner consistent with the 
image from electron microscopy , refined to the same solution. 
Indeed, a starting model which placed 60 hemispheres close to 
the location of the hexavalent units on a spherical shell with no 
density protruding on the five-fold axes (initial R factor = 65%) 
refined to the same phase set as the more realistic models, 
although it took 18 cycles of refinement. Furthermore, phases 
from elaborate models with hexavalent morphological units 
containing either five- or six-fold substructure refined to the 
same final structure. 

The reliability of the refinement method was tested by using 
amplitudes calculated from models in place of observed data. 
Because the model structure factor calculations give both the 
amplitude and the phase, it is possible to judge absolutely how 
well another set of trial phases converges to the correct values. 
In the test calculations, amplitudes from various T =7 capsid 
models were combined with phases from models with different 
morphology; refinement of the phases always converged to the 
phases of the model from which the amplitudes were taken. For 
example, refining initial phases from an all-pentamer T=7 
model against the amplitudes from a 60 hexmer + 12 pentamer 
model led back to the phases of the model built with hexamers. 
Thus, our refinement procedure recovers the correct structure 
corresponding to the amplitudes of the data even when trial 
starting phases were chosen to attempt to bias the calculation to 
produce an incorrect result. 


Phase extension 


The polyoma diffraction data between 30 and 22.5 Å resolution 
were phased by extension from the refined 30 Å phases. This 


was necessary because the model phases are only reliable to 
~30 Å resolution. Attempts to refine the data directly to 22.5 Å 
resolution using trial model phases did not converge satis- 
factorily. 

Phase extension is possible because imposition of the 
envelope on the electron density generates phase information 
for reflections just beyond the resolution of those used to 
calculate the map. The characteristics of phase extension were 
tested using model structure factors and phases in place of the 
real polyoma diffraction data. Starting from 30 A resolution, 
using calculated amplitudes and phases as test data, it was 
possible to extend and refine the phases to 22.5 A resolution. 
The r.m.s. phase difference between the correct and the refined 
extended phases were generally less than 30°. 

The resolution of the actual data refinement was extended 
from 30A to 22.5A over 18 cycles. Predicted phases for 
structure factors within one reciprocal lattice distance (1/572) A 
of the previous resolution were included in alternate cycles. The 
final R factor between observed and calculated structure factor 
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Fig. 6 Rotational power spectra of the pentavalent and 
hexavalent units. a, P, is the sum of all cylindrical harmonics in 
sections of the map through the capsomeres normal to the five-fold 
axis and the ‘best’ axis of the hexavalent units, plotted as a function 
of the distance of the section from the centre of the particle. b, 
Relative strength of the five-fold harmonic of the pentavalent unit 
and the five- and six-fold harmonic of the hexavalent unit. P, is 
proportional to the integrated density in each section. At small 
radii in the capsid a cylindrical boundary of 93 A diameter was 
chosen for calculating the power spectrum of the capsomeres. 
These cylinders touch at a radius of 170 A. The integrated density 
of the inner portions of the capsomere may be underestimated by 
the methods of calculation. The correspondence in the rotational 
power spectra distribution of the pentavalent and hexavalent units 
indicates a close similarity in their structures and a small difference 
in their radial positions. The relative strength of the order 5 
harmonic for the outer portion of both the pentavalent and 
hexavalent capsomere is reduced because the cylindrically sym- 
metric component, which is the dominant term in P,, is very strong 
for this part of the structure. The order 5 harmonic for the 
hexavalent capsomere is always much stronger than that of order 6 
(or any other non-zero harmonic). 
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Fig. 7 Sections of the 
electron density map 
showing substructure of 
the capsomeres (a-d) and 
drawings on a polyhedral 
surface (e, f) illustrating 
an inferred packing rela- 
tion of structure units. 
Upper row: views down 
five-fold axis and lower 
row: views down axis of 
hexavalent capsomere. 
Width of sections dis- 
played 215A. Orien- 
tation as in Fig. 5. Grey 
scales at the bottom show 
the relation between 
darkness in the images 
and map density that 
increases uniformly from 
left to right of the scales. 
a, b, Maps of section 
planes 215A _ above 
centre of capsid. At this 
level and above there is 
little detectable contact 
between neighbouring 
capsomeres. c, d, Maps 
(displayed with enhanced 
contrast) of section planes 
195A above centre. At 
this level and below five 
basal parts of the 
capsomeres splay out and 
contact basal parts of 
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neighbouring capsomeres. Section planes are perpendicular to the axis of the central capsomere and slice through the neighbouring capsomeres 
obliquely. In the obliquely sectioned parts the substructure is obscured. Intersections of adjacent planes equidistant from the centre of the 
capsid that are normal to the axes of the pentavalent and hexavalent capsomeres define 12 equal regular pentagons and 60 equal irregular 
hexagons. The polygons delineating the domain of the central capsomeres are marked by dotted lines on the density maps. The drawings e and 
f (constructed on the polyhedral surface made up of the pentagonal and hexagonal! facets) illustrate that bonding specificity among identical 
structure units (represented by graphically cloned mice) cannot be conserved in all the contacts between capsomeres. Arranging structure units 
in the hexavalent pentamer (centre of f) with quasi-five-fold symmetry resembling the pentagonally symmetric pentamer (centre of e) leads to 
three types of contacts between structure units of neighbouring pentamers: (1) the two structure units at the top of the central pentamer in f 
each contact two neighbours (one from the pentavalent and one from another hexavalent pentamer) related by a quasi-three-fold axis; (2) the 
two structure units below and right of centre in f make quasi-two-fold contacts with neighbours related by an icosahedral three-fold axis: (3) 
the one structure unit left of centre in f makes an intimate dimer contact with a unit equivalently related by an icosahedral two-fold axis. Thus, 
the six structure units in the icosahedral asymmetric unit can be put into three categories according to their bonding relations: three in the 


quasi-trimer, two in the quasi-dimer and one in half the strict dimer. 


amplitudes was 14.2%. Figure 3d shows a projection down a 
two-fold axis of half a virus particle excised from the refined map 
at 22.5 A resolution and an analysis of the R factor as a function 
of resolution and intensity at 22.5 A resolution is shown in Fig. 
4c, d. 


Electron density map 


Figure 5, comparing views of half a virus particle down the 
icosahedral five-fold axis with that down the axis of a hexavalent 
morphological unit, reveals a striking similarity between the 
penta- and hexavalent morphological units. Indeed, the 
hexavalent capsomere shows a distinctive five-fold character, 
not six-fold as would be expected from a T =7 icosahedral 
surface lattice consisting of 607 quasi-equivalent structure units 
(Fig. 1). 

Power spectra of the cylindrical harmonics in sections through 
the penta- and hexavalent units are shown in Fig. 6. This 
harmonic analysis demonstrates the structural similarity 
between the two types of capsomeres as a function of their radial 
coordinates, in particular, the dominant five-fold substructure of 
the hexavalent unit. Icosahedral symmetry requires the 12 
identical pentavalent units to have five-fold symmetry and the 
60 hexavalent units to be identical; but there are no constraints 
on the size, shape or symmetry of the hexavalent unit. The 
similarity of the pentavalent and hexavalent capsomeres seen in 
the electron density map cannot be an artefact of the imposition 
of the non-crystallographic symmetry in the phase refinement, 





Thus, our results indicate that all 72 capsomeres are pentameres 
of identical or very similar subunits. 

The electron density map may be divided into two regions: the 
protruding pentagonal caps and the basal parts connecting 
capsomeres. The contacts between capsomeres extend inward 
from ~210 A radius of the capsid. The protruding caps are 
~85 A in diameter and extend out ~40 A. The central hole in 
the capsomere has a diameter of 40 A at a radius of 210 A and 
tapers shut 15 A from the surface, leaving a dimple on the top of 
the cap. The basal parts of the capsomeres extend in ~40 A. 

The similarity of the pentavalent and hexavalent morpholo- 
gical units seen in the electron density map, together with the 
chemical evidence for one kind of protein subunit, indicates that 
the capsid is built of 360 VP1 molecules. The radial extent of the 
capsid measured from the electron density map implies a protein 
subunit ~80A long. The dimensions of the wall of the 
pentagonal cap indicate a subunit diameter in the range 30- 
40 A. An ellipsoidal subunit with these dimensions has a volume 
compatible with that expected for a 42,000-MW protein. 


Molecular weight 


All the available MW measurements are consistent with a capsid 
built of 360 VP1 subunits and inconsistent with a 420-subunit 
structure. The MW of the empty capsid, determined by sedi- 
mentation equilibrium", is 15+ 1x 10°, which agrees with the 
total weight of VP1 in the intact virion estimated from its MW 
and composition. Furthermore, the MW of 221,000 measured 
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for isolated capsomeres’? corresponds to a 15.9 10°-MW 
capsid built of 72 identical capsomeres, in accord with the direct 


measurement. The calculated MW of VP1 for a 1541 10°- | 


MW capsid consisting of 420 subunits would be 35,700 + 7%, or 
41,700+7% for 360 copies. The calculated MW of VP1 from 
the DNA sequence is 42,834 (ref. 20) and 42,458 (ref. 21) for 
two strains of polyoma virus. These sequence values are upper 
limits because the protein in the capsid may be smaller due to 
possible post-transcriptional or post-translational processing. 
Estimates for the MW of VP1 from SDS-gel electrophoresis 
range from 42,000 to 50,000 but are not very reliable because of 
dependence on gel concentration’. Measurement by gel 
exclusion chromatography of VP1 dissociated with guanidine 
hydrochloride chloride gives a MW of 41,400 (ref. 10). 
Although there is no definitive MW measurement for the VP1 
subunit in the capsid, all measured values are greater than or 
close to that expected for 360 subunits, and the smallest 
measured values are at least 15% larger than expected for 420 
subunits. 


Protein-subunit interactions 


The electron density map provides information about subunit 
interactions even though the protein subunits themselves are not 
sharply resolved. Figure 7a and b are sections through the 
hexavalent and pentavalent capsomeres above the level at which 
they make contact with each other. It is evident that the projec- 
ting portions of the two kinds of capsomeres have very similar 
pentagonal substructure, indicating that the bonding specificity 
of the projecting parts of the structure units is conserved. This is 
analogous to the situation in the tomato bushy stunt virus 
structure’ where bonding specificity is conserved within the two 
types of protruding dimer domains. 

Where the polyoma capsomeres contact each other there are 
significant differences in the bonding as the five subunits of the 
hexavalent pentamer cannot interact equivalently with subunits 
of the six neighbouring pentamers. This is seen in Fig. 7c and d, 
which are sections at the level of contact between capsomeres. 
At this resolution, subunit boundaries cannot be distinguished; 
however, it is possible to suggest the types of interaction which 
would account for the observed density. 

Our results show there are six structure units in the icosa- 
hedral asymmetric unit, five from the hexavalent and one from 
the pentavalent pentamer. Each of these subunits has a sym- 
metrically distinct environment in the capsid. However, these six 
units can be put into three different classes according to their 
bonding relations inferred from the electron density map. These 
relations of the six structure units in the icosahedral asymmetric 
unit are schematically illustrated in Fig. 7e and f: three units are 
connected in one quasi-trimer, two in one quasi-dimer and one 
in half a strict dimer. The use of the three types of bonds can 
account for the assembly of the 72 pentamers in the capsid; but 
we do not know how the bonding specificity of the structure units 
is switched to control the assembly process. 


Conclusion 


The electron density map shows a hexavalent capsomere that 
closely resembles the regular pentameric capsomere in size, 
shape and substructure. Because the hexavalent capsomere was 
expected to be a hexamer, the reliability of the refinement 
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method used to solve the structure has been critically examined. 
In contrast to the isomorphous replacement method in which the 
phase determination is constrained by measurement of heavy 
atom positions, and the Fourier refinement method at atomic 
resolution which is constrained by detailed stereochemical 
information, our refinement method, starting with trial phases 
from models representing the coarse particle morphology, is 
only constrained by the icosahedral symmetry and overall 
dimensions of the virus capsid. Our tests of the refinement 
method, applied to Fourier transforms calculated from capsid 
models to the same resolution as the experimental data, show 
that the constraints of the particle symmetry and overall size do 
lead to correct solutions starting with trial phases from any 
model with approximately related capsomere morphology. We 
believe, therefore, that the similarity of the hexavalent and 
pentavalent capsomeres seen in the electron density map is an 
intrinsic feature of the virus capsid structure rather than some 
unexplained artefact of the refinement procedure. As chemical 
analysis indicates that the capsid is built of VP1, it seems that 
both the hexavalent and pentavalent capsomeres are 
pentameres of VP1. 

The similarities between polyoma virus, SV40 and other 
members of the papova family suggest that these may all have 
capsids built of pentameric capsomeres. Polymorphic tube 
structures are associated with all the papovaviruses. The com- 
mon occurrence of pentamer tubes is understandable if all the 
capsomeres are pentameric. We suspect that the hexamer tubes 
are also made of pentamers. Re-examination of the published 
electron micrographs”? indicates that this may indeed be the 
case. We are starting image analysis of electron micrographs to 
try to understand how the polymorphism of these structures 
arises. 

Quasi-equivalence was conceived to explain why icosahedral 
symmetry should be selected for the design of closed containers 
built of a large number of identical structure units with conser- 
ved bonding specificity*. However, as bonding specificity is not 
conserved in the polyoma capsid, the reason for its icosahedral 
symmetry is no longer obvious. Why has an icosahedral capsid 
design of 72 pentamers been selected for polyoma and presum- 
ably other papova viruses? How is the bonding specificity of the 
structure unit switched to fit into the symmetrically distinct 
environments? Answers to these questions may be found by 
solving the capsid structure at higher resolution and by studying 
the structure of assembly intermediates. 
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Cellular genes analogous to retroviral onc genes 
are transcribed in human tumour cells 
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Polyadenylated RNAs of certain human tumour cell lines are shown to contain transcripts related to the cell-derived 
transforming onc genes of molecularly cloned primate, murine or avian transforming retrovirus genomes. Thus, analogues 
of retroviral transforming genes are both present and frequently expressed in human neoplastic cells. 


neapima heini tN Ant agar mre mar A reMi erat A aaa MARA 


THE study of RNA tumour viruses, designated transforming 
retroviruses, has provided a potentially important approach to 
elucidating mechanisms involved in human malignancy. These 
agents generally cause sarcomas and haematopoietic malig- 
nancies, but in some cases also induce carcinomas (for reviews 
see refs 1-4). There is convincing evidence that these viruses 
have arisen by recombination of replication-competent type C 
RNA viruses with evolutionarily well conserved cellular genes. 
Moreover, these latter sequences, termed onc genes, have been 
found to be required for the induction and/or maintenance of 
viral transformation’ ''. Certain independent sarcoma virus 
isolates of the same?" and even of different species'”’’ have 
been found to contain the same or closely related onc genes. 
These findings suggest that only a limited set of distinct cellular 
genes with transforming potential exists. 

Molecular cloning techniques have facilitated the isolation 
and amplification of transforming retrovirus genomes and their 
cell-derived onc genes for detailed biochemical analysis. To 
investigate the possible role of onc-related genes in human 
neoplasia, we have analysed whether cellular DNA analogues of 
these genes are present and actively transcribed in human cancer 
cells. 


Transforming retroviral onc genes as probes 
for detecting related 
transcripts in human cells 


Our study required that the transforming retroviruses should 
meet certain criteria: (1) They should be capable of inducing a 
wide range of malignancies. (2) The genes used should be 
available as well defined genetic segments of molecularly cloned 
viruses. (3) Such gene segments should possess sufficient 
homology with human DNA to detect related information at low 
copy number with reasonably high signal intensity. Molecularly 
cloned transforming retroviruses meeting these criteria included 
simian sarcoma virus (SSV)'**°, BALB murine sarcoma virus 
(MSV)*', Abelson murine leukaemia virus (MuLV)** and MC- 
29 virus’’. SSV and BALB MSV induce sarcomas in susceptible 
hosts**?*, whereas Abelson MuLV causes lymphoid tumours”*. 
In vitro and in vive studies have indicated that other cell types 
can be targets for transformation by both Abelson MuLV and 
BALB MSV (refs 27, 28 and J. Hoelzer Pierce and 8.A.A., 
unpublished observations). MC-29 has the widest known range 
of target cells and has been reported to induce sarcomas, 
haematopoietic tumours and carcinomas’. 

Infectious DNA clones of each virus were obtained by 
recombinant DNA techniques and their cell-derived onc genes 
defined by restriction endonuclease and heteroduplex mapping 
techniques". Figure 1 shows the physical maps of the mole- 
cular clones and indicates the region of each viral genome used 
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to prepare DNA probes. According to recent convention, the 
cell-derived onc sequences of SSV are designated sis, while 
those of Abelson MuLV, BALB MSV and MC-29 are termed 
abl, bas and myc, respectively’. 

Nick-translated DNA probes of each viral onc gene were first 
analysed for their ability to detect homologous sequences in 
human DNA. Normal human cellular DNA was cleaved with 
EcoRI, a restriction enzyme that did not cut within any of the 
viral onc genes (Fig. 1). The DNA was then subjected to agarose 
gel electrophoresis and Southern Blotting analysis*’. As shown 
in Fig. 2, each viral onc DNA probe detected one or at most a 
few DNA fragments. The signal intensity was highest with the 
SSV sis DNA probe, probably reflecting its greater homology 
with human DNA than that of the other viral onc genes 
analysed. The DNA fragments hybridized by each viral onc gene 
had different molecular weights, indicating that each detected a 
different homologue within human DNA. Lack of relatedness 
among the viral onc genes was confirmed by experiments in 
which each nick-translated fragment was hybridized to Southern 
blots containing the four unlabelled viral anc DNAs. Even in 
relaxed hybridization conditions’’, there was no detectable 
relatedness among the onc genes of SSV, BALB MSV, Abelson 
MuLV or MC-29 (data not shown). 
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Fig. 1 Restriction maps of transforming retroviral genomes used to detect 
onc-related sequences in human celis. The onc genes of each retrovirus are 
indicated by the solid boxes. The white boxes represent the long terminal 
direct repeats (LTRs). Pertinent restriction sites are indicated. The 
integrated biologically active form of each viral genome was cloned in a A 
phage vector”, Host cellular flanking sequences are not shown. DNA 
probes were derived from subgenomic fragments of each viral onc gene as 
follows: SSV, Psti-Xbal fragment; BALB MSV, HindIlI-BamHI frag- 
ment; Abelson MuLV, 5’ Bglll~Agill fragment; MC-29, Sstl-BamHI 
fragment. With the exception of SSV, each subgenomic DNA fragment was 
cloned in pBR322. 
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Fig.2 Detection of human DNA sequences related to transforming retro- 
viral onc genes. High-molecular weight human placental DNA was digested 
with EcoRI and electrophoresed on 0.8% agarose gels. Southern blots were 
prepared and incubated for 24h with 2x 10°c.p.m, mi~’ nick-translated 
(2 10° c.p.m. per ug) viral onc probes prepared from cloned DNAs of SSV 
(lane 1), BALB MSV (lane 2), Abelson MuLV (lane 3) and MC-29 (lane 4). 
Hybridization with the SSV sis probe was performed at 50°C in 50% 
formamide and 5xSSC followed by washing at 50°C with 6*SSC as 
described previously'’. The other probes were hybridized at 65 °C in 6 x SSC 
and washed at 45 °C in 0.1 x SSC-0.1% SDS according to Hieter etal.*”, The 
blot in lane 1 was exposed for 16 h, and those in lanes 2-4 were exposed for 
48 h using Kodak XAR-5 film and Dupont Cronex Lightning Plus screens. 
Hind I11-generated fragments of bacteriophage A DNA were used as mole- 
cular weight standards: kbp, kilobase pairs. 


In our search for transcripts related to viral onc genes in 
human tumours, we selected tumour cell lines representing a 
diverse spectrum of malignancies, including carcinomas, 
sarcomas, melanomas and glioblastomas. The establishment 
and biological characterization of some of these cell lines have 
been reported previously (Table 1). Each cell line was malignant 
in athymic nude mice and reproduced the histopathology of the 
original tumour (refs 32,33 and S.A.A. and N. W. Ellmore, 
unpublished observations). These established lines enabled us to 
conduct a systematic analysis of viral onc gene expression in 
human malignancies. 

The approach used to detect onc-related transcripts in human 
tumour cells involved isolation of poly(A)-containing RNAs and 
analysis by agarose gel electrophoresis and Northern blotting 
techniques™ >. Selection of poly(A)-containing RNAs pro- 
vided the most sensitive method of detecting transcripts with 
properties of most known mRNAs, the sensitivity of detection of 
viral RNA in a typical retrovirus-transformed nonproducer cell 
being enhanced 30-40 fold by this procedure. This enhance- 
ment was consistent with the enrichment expected from the 
known fraction of poly(A)-containing RNA in total cellular 
RNA?” and the percentage of poly(A)-containing RNA 
recovered by oligo(dT) selection™. Human cells were routinely 
tested for the presence of viral onc-related transcripts both as 


total and poly(A)-selected RNAs. In no case did we detect 
transcripts in total RNA that were not present in the poly(A) 
fraction. All cell lines were analysed for transcripts related to 
each viral onc gene. In some experiments, blots were sequen- 
tially hybridized with different onc probes as an internal control 
of the level of expression of the different onc-related transcripts. 


SSV sis gene expression specific for 
certain human tumour cells 


Nick-translated SSV sis DNA detected a single 4.2-kilobase 
(kb) transcript in 8 of 23 human tumour cell lines analysed, 
including 5 of 6 sarcoma cell lines and 3 of 5 glioblastoma lines. 
As shown in Fig. 3, the signal intensity of this transcript varied, 
the highest level being detected in a human glioblastoma line, 
A172 (Fig. 3, lane 1). The transcript was present at somewhat 
lower level in each of the positive sarcoma cell lines, as indicated 
for representative osteosarcoma and fibrosarcoma lines (Fig. 3, 
lanes 2 and 3, respectively). A second RNA species of lower 
molecular weight and much lower signal intensity was 
occasionally detected in some of the cell lines showing the 
4.2-kb transcript. SSV sis gene expression was specific for these 
tumours as RNA isolated from normal human embryonic 
fibroblasts did not detectably hybridize (Fig. 3, lane 4). 
Furthermore, the SSV sis-related transcript was not observed in 
poly(A)-selected RNAs of any carcinoma, melanoma or other 
tumour cell line analysed. Note that SSV nonproducer cell RNA 
(Fig. 3, lane 5) exhibited genomic and one subgenomic RNA 
species containing sis sequences, neither of which corresponded 
in size to that of the 4.2-kb sis-related transcript in human 
sarcomas or glioblastoma cells. 


A single MC-29 myc-related transcript in 
human tumour cells of different origins 


The MC-29 myc probe, like SSV sis, detected a single transcript 
in human tumour cells. As shown in Fig. 4, this 2.7-kb transcript 
was observed in all cell lines examined, including normal human 
fibroblasts. Although the Northern blotting technique is not 
highly quantitative, there seemed to be a striking increase in the 
levels of myc-related RNA in some tumour cell lines analysed. 
In repeated experiments with the same RNAs or with RNAs 
independently prepared from the same cell lines, we 
reproducibly observed a 5—10-fold higher signal intensity of this 
transcript in lines derived from a sarcoma (A1383) and two 
carcinomas (A2780 and A549) as well as in the NC37 B- 
lymphoid line (Fig. 5). NC37 cells were initially established from 
Epstein-Barr virus (EBV)-positive lymphoid cells of a normal 
human**. However, NC37 cells also possess an abnormal kary- 
otype and are tumorigenic in nude mice (unpublished obser- 
vations), indicating their malignant phenotype. Notably, there 
was no correlation between those cell lines demonstrating high 
levels of the 2.7-kb MC29 myc-related RNA and those 
containing the 4.2-kb SSV sis-related transcript. 
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Table 1 Human tumour cell lines studied 


Cell 
Origin line Ref. Origin 
Sarcoma Carcinoma 
rhabdomyo- A673 32 skin 
osteogenic HOS 46 
A2394 - lung 
fibro- 8387 47 GI 
A1383 - renal 
synovial A2095 - ovarian 
ovarian 
Melanoma Teratoma 
A101D 32 
A375 32 
A1306 - 


Cell Cell 
line Ref. Origin line Ref. 
Glioblastoma 
A388 32 A172 32 
A431 32 A1235 = 
A549 32 A1207 - 
A1617 - A1690 - 
A498 32 A2781 - 
A1847 - 
A2780 ~ 
Other 
Tera I 33 B lymphoid NC37 38 
normal fibroblast M413 48 


a 


In the columns of references, — indicates unpublished work. 
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Fig.3 SSV sis-related transcripts in human tumour cell lines. Total cellular 
RNA was isolated by a modification of the guanidine hydrochloride extrac- 
tion method*’ as described elsewhere*'. Poly(A)-containing RNA was 
selected by one cycle of chromatography on oligo(dT)-cellulose columns”. 
Poly(A)-containing RNAs (5 ug per lane) were denatured in 13 mM methyl 
mercury hydroxide and size fractionated on 1% agarose gels containing 
5 mM methyl mercury” and transferred to nitrocellulose filters as described 
previously”. RNAs containing SSV sis-related sequences were identified by 
hybridization with 2.5 x 10° c.p.m. wl~' nick-translated (2 x 10* c.p.m. per 
pg) Pstl-Xbal DNA fragment of molecularly cloned integrated SSV 
DNA‘***. Hybridization with the SSV sis probe was performed in 20% 
formamide, 5 x SSC at 37 °C for 36-48 h, followed by washing at 42°C in 
0.1xSSC, 0.1% SDS as described previously***’. SSV sis-related tran- 
scripts were visualized by exposing the blots to X-ray films for 5-7 days with 
intensifying screens. Poly(A)-selected RNAs included those from: A172 
glioblastoma cells (lane 1); HOS and 8387 human sarcoma cells (lanes 2 and 
3); M413 normal human fibroblasts (lane 4); SSV nonproducer NRK cells 
(lane 5). 


Nature Vol. 295 14 January 1982 


including normal human fibroblasts, this RNA species was not 
detected. 

An even more complex pattern of transcripts was observed 
with the Abelson MuLV abl probe. At least five RNA species 
were detected in most of the tumour cell lines analysed (Fig. 6b), 
while normal fibroblasts demonstrated only the two largest 
abl-related transcripts. The widespread presence in tumours 
and even normal fibroblasts of multiple transcripts related to the 
onc genes of BALB MSV and Abelson MuLV suggests that 
expression of related human genes may be associated with an 
important cellular function(s). Whether the multiple RNAs 
observed with these probes reflect RNA processing or tran- 
scription of more than one member of a family of related onc 
genes remains to be determined. 


Implications of retroviral onc gene 
expression in human cells 


The present report demonstrates that sequences related to the 
onc genes of different transforming retroviruses are not only 
present in human DNA but can also be actively transcribed. 
Retroviral onc genes have been transduced by type C RNA 


Multiple transcripts related to mouse onc 
genes in human tumour cells 


onc gene probes of two mouse-derived transforming viruses, 
BALB MSV and Abelson MuLY, each detected related tran- 
scripts in all human tumour cell lines analysed. Figure 6 shows 
the results with representative tumour cell lines. The pattern of 
BALB MSV bas-related transcripts was complex (Fig. 6a), 
showing three distinct bands of 7.0, 5.9 and 1.8 kb, in many 
tumours. Some tumour cell lines seemed to contain a much 
lower level of the 1.8-kb transcript whereas in other cells, 


Band intensity 





Sarcomas Carcinomas Melanomas Others 


Fig. § Quantitative analysis of myc-related transcripts in human tumour 
cell lines. Autoradiographs obtained by exposure to X-ray films of RNA 


kb 





Fig. 4 MC-29 myc-related transcripts in human tumour cells. Poly(A)- 
selected RNAs were prepared and analysed as described in Fig. 3 legend. 
MC-29 myc-related transcripts were identified by hybridization with 2.5 x 
10° c.p.m. ml~' nick-translated Sst1-BamHI DNA fragment of molecularly 
cloned integrated MC-29 DNA®*. Poly(A)-selected RNAs include those 
from: A2394 and A2095 sarcoma cell lines (lanes 1 and 2); A2780 and A549 
carcinoma cell lines (lanes 3 and 4); A375 melanoma cell line (lane 5); NC37 
B-lymphoid cell line (lane 6); M413 normal human fibroblasts 
(lane 7). 


blots of different human cell lines hybridized to *’P-labelled myc probe were 
scanned for absorbance at 340 nM in an ISCO absorbance monitor, model 
UA-S. Band intensities were obtained after subtraction of film background. 
Sarcoma cell lines were: 8387, HOS, A2095, A2394, A1383 and A673. 
Carcinoma cell lines: A2780, A1617, A498, A1847, A431 and A549, 
Melanoma cell lines: A1306, A101D and A375. Other cell lines were, 
respectively; glioblastoma cell lines, A172 and A1235, lymphoid B-cell line, 
NC37, a teratoma cell line, Tera I, and normal human fibroblasts, M413. 


viruses from the genomes of species as diverse as primates, mice 
and chickens (for reviews see refs 1-4), and their presence in the 
DNAs of diverse vertebrate species, including man, indicates 
that such genes are highly conserved. Our findings that these 
genes are actively transcribed in human normal and/or neo- 
plastic cells as polyadenylated RNA species provides additional 
evidence for the functional nature of these well conserved 
genetic elements. 

It is clearly important to determine whether viral onc genes 
are critical to the transformation process in humans. It has 
recently been shown that genetic manipulation of a cloned 
normal mouse cell DNA analogue of one transforming retro- 
viral onc gene so as to cause it to be transcriptionally activated, 
confers on it the ability to transform mouse cells”**. Moreover, 
other studies have indicated that leukaemia viruses may induce 
tumours by a mechanism involving ‘downstream’ promotion and 
transcriptional activation of cellular gene(s)*°**. The markedly 
elevated levels of single transcripts related to either SSV or 
MC29 onc genes in certain human tumour cells are consistent 
with the transcriptional derepression of these genes. Thus, if 
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Fig. 6 BALB MSV and Abelson 
MuLV one gene-related transcripts in 
human tumour cells. Poly(A)-selected 
RNAs were prepared and analysed as 
described in Fig. 3 legend. a, BALB 
MSV bas-related transcripts were 
identified by hybridization with 2.5 x 
10° c.p.m. ml‘ nick-translated 
HindIl|-BamHI DNA fragment of 
molecularly cloned integrated BALB 
MSV DNA”.  Poly(A)-selected 
RNAs include those from: A2095 and 
HOS sarcoma cell lines (lanes 1 and 
2); A549 and A2780 carcinoma cell 
lines (lanes 3 and 4); A1306 
melanoma cell line (lane 5); A1235 
astrocytoma cell line (lane 6); M413 
normal human fibroblasts (lane 7). b, 
Abelson MuLV_ abl-related tran- 
scripts in poly(A)-containing RNAs of 
cell lines as indicated in a were 
identified by hybridization with 2.5 x 
10° c.p.m. ml‘ nick-translated 5S’ 
Bglill-Bgill DNA fragment of 
molecularly cloned integrated Abel- 
son MuLV DNA”. 





their functional products were analogous to those of the SSV 
and MC29 transforming genes, the specific transcriptional 
activation of these onc-related genes in certain human tumours 
may be sufficient to explain the transformed state of the cells. 

The present studies used human tumour cell lines rather than 
primary tumours because of technical difficulties in obtaining 
sufficient amounts of intact RNAs from the latter. In each case, 
the tumour cell lines used reproduced the histopathology of the 
primary tumour in nude mice, indicating that each preserved the 
transformed phenotype of the original tumour. Our findings of 
marked differences in the levels of expression of SSV sis and 
MC-29 myc transcripts among various cell lines further argue 
that the increased expression of these genes in only some tumour 
lines is not attributable to tissue culture adaptation. We have 
recently examined the expression of retroviral onc-related 
RNAs in a variety of human primary tumours and tumour cell 
lines of haematopoietic origin®* and found the levels of expres- 
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sion of the different onc gene-related transcripts in both fresh 
and cultured cells to be comparable, with no evidence of alter- 
ation associated with tissue culture. 

Our demonstration of SSV sis-related transcripts in human 
fibrosarcoma cell lines but not in their normal fibroblast coun- 
terparts argues that the expression of this onc gene is probably 
associated with the transformed state of the cells. Moreover, the 
differences in levels of expression of sis or myc genes among 
individual carcinoma or glioblastoma cell lines suggest that the 
expression of these genes cannot be correlated with a particular 
tissue type. The more complicated patterns of transcripts related 
to BALB MSV and Abelson MuLV onc genes in human normal 
and neoplastic cells raise additional questions concerning the 
mode of processing of such transcripts, and their source from 
one or more related genes. Nonetheless, the almost universal 
presence of these transcripts in human cells argues strongly that 
these viral onc-related genes possess some important 
function(s). Whether they are directly related to the malignant 
state or to specific stages of cellular differentiation remains to be 
determined. 

Understanding of the mechanisms involved in human neo- 
plastic transformation is still at a very early stage. Recently, 
Krontiris and Cooper** and Weinberg and co-workers™ pro- 
vided evidence that cellular transformation can be a 
consequence of a single dominant genetic change, as trans- 
fection with DNA of certain tumours transmitted the trans- 
formed phenotype. In other cases, the transformed phenotype 
has not been transferable**** or has seemed to be recessive in 
somatic cell hybrids with normal cells**, arguing that the genetic 
changes associated with transformation may be trans-acting or 
multiple. 

One approach to investigating whether the high levels of 
expression of human cellular analogues of certain viral onc 
genes are aetiologically linked to the development of the neo- 
plastic state extends from the model for transformation asso- 
ciated with dominant genes. We are now analysing DNAs from 
some of our tumour cell lines for transforming activity in trans- 
fection assays. Should these DNAs possess the ability to trans- 
form cells, it will be possible to probe such transformants for 
expression of transcripts of the type specifically elevated in the 
original tumour cell lines. By such an approach, it may be 
possible to establish directly whether the high levels of expres- 
sion of these genes in some human tumours is causally related to 
the neoplastic state. 
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DNA sequences necessary for transcription of 
the rabbit B-globin gene in vivo 
G. C. Grosveld, E. de Boer, C. K. Shewmaker’ & R. A. Flavell 
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The DNA sequences required for the expression of the rabbit B-globin gene in vivo have been examined. A variety of mutant 
rabbit B-globin gene templates were linked to a simian virus 40-—plasmid recombinant and introduced into HeLa cells; in 
these conditions the rabbit B-globin gene is expressed from its own promoter. Comparison of the level of B-giobin transcripts 
in a variety of deletion mutants shows that for efficient transcription, both the ATA or Goldberg—Hogness box, and a region 
between 100 and 58 base pairs in front of the site at which transcription is initiated, are required. Deletion of either of these 
regions results in a decrease in the level of B-globin transcripts by an order of magnitude; deletion of the ATA box causes an 
additional loss in the specificity of the site of initiation of RNA synthesis. The DNA sequences downstream from the ATA 
box, including the natural B-globin mRNA cap site, are dispensable for transcription in vivo. 


ALTHOUGH we have a good understanding of the DNA 
sequence elements which constitute prokaryotic promoters, 
their eukaryotic counterparts are poorly defined. Comparison of 
the DNA sequences in the 5’ extragenic regions of a large 
number of genes has revealed two conserved sequence elements 
with a location consistent with a promoter-like role. The first of 
these is an A+T-rich region with the canonical sequence 
5' TATAA 3’ (the Goldberg—Hogness or ATA box)!? which 
is located about 30 base pairs (bp) upstream from the site of 
initiation of RNA synthesis. The second is the CCAAT box? 
located about 80 nucleotides upstream from the cap site. 
Considerable evidence now indicates that RNA synthesis initi- 
ates at the cap site (see, for example, refs 5, 6). 

In vitro transcription systems have recently been developed 
that synthesize specific capped transcripts from a variety of viral 
and cellular gene templates’*—again in vitro the site of initia- 
tion is the cap site. Using these in vitro systems, several groups 
have shown that the ATA box is required for specific tran- 
scription of the adenovirus late”? conalbumin'' and 8- globin’? 
genes in vitro. Deletion of the CCAAT box has little or no effect 
on the in vitro transcription of the these genes™". The 
comparative simplicity of the in vitro results is not, however, 
found in vivo. In the case of the simian virus 40 (SV40) early 
region, deletion of the ATA box does not prevent expression of 
the early mRNAs, and removal of the DNA sequences contain- 
ing the 72-bp repeat localized at ~ 150 bp (— 116 to — 188; and 
~189 to —261) upstream from the site of initiation of RNA 
synthesis abolishes early gene transcription'*. A similar picture 
is seen for polyoma (R. I. Kamen, personal communication). 
Likewise, a segment of ~ 50 nucleotides containing the ATA 
box is not required for the expression of the sea urchin histone 
H2A gene when it is injected into Xenopus oocytes'*!, 
However, this deletion does alter the specificity of the site of 
initiation and causes the appearance of at least three transcripts 
with discrete 5’ ends. This alteration of the specificity of initia- 
tion also occurs when the ATA box of the early region of $V40 is 
deleted’’. There is also evidence for the role of upstream DNA 
sequences in the transcription of the histone HLA gene in vivo: 
deletion of a DNA segment containing the sequences from 
~ 184 to — 524 strongly reduces the level of synthesis from the 
histone H2A promoter’. 

It is unclear at present to what extent the recent results 
obtained in the two systems represent the general sequence 
organization of eukaryotic promoters and to what extent the 
results are gene specific, or specific to the test system used. There 
is no obvious sequence homology between the upstream DNA 
sequences necessary for transcription in SV40 and in the sea 
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urchin H2A gene that would point to a common promoter 
element. The SY40 72-bp repeat may represent more than a 
simple promoter element in the sense that this term is used for 
prokaryotic promoters (see below). 

We have recently examined the in vitro transcription of a wide 
range of deletion mutants of the rabbit B-globin gene ip HeLa 
cell extracts'*. It is important to determine the effects of deletion 
of these DNA sequences on the expression of this gene in vivo 
and in the same cell type—particulary given the obvious 
differences recently seen between in vivo and in vitro tran- 
scription in the SV40 and polyma systems. In addition, we would 
like to know whether there is any evidence for upstream DNA 
sequences analogous to those of the SV40 and histone genes.in 
the rabbit B-globin gene system. 

To date, two approaches have been used to analyse the 
transcription of globin genes in vivo in animal cells. Mantei et 
al.’ linked the rabbit 8 -globin gene to the herpes simplex virus 
(HSV) thymidine kinase (TK) gene and transformed mouse TK™ 
cells to the TK” phenotype. Those cells containing the B-globin 
gene expressed this at a low, but easily detectable, level. 
Although this method has the advantage that only a few copies 
of the B-globin gene are present per cell, the comparison of 
different transformant cell lines is complex, because the exo- 
genous DNA has become integrated and in each case the site of 
integration appears to differ. Hamer et al. have analysed the 
expression of the mouse a-globin gene, as an $V40-—mouse 
a@-globin recombinant after its introduction into monkey cells 
permissive for SV40 replication". In these conditions the mouse 
a -globin gene is expressed at a high level from its own promoter. 
It was recently shown?’ that the rabbit B-globin gene inserted 
(as a 4.8-kilobase (kb) Kpnl fragment; see Fig. 1) in the KpnI site 
of an $V40-pBR322 recombinant is expressed from its own 
promoter in HeLa cells which are only semi-permissive for 
SV40 replication. In the present work, we use this SV40-HeLa 
system to analyse the transcription in vivo of a number of 
deletion mutants of the rabbit £ -globin gene. 

To assay for the expression of the rabbit B-globin gene, we 
used S, mapping procedures**, in most cases using as probe a 
221-bp BstNI fragment *’P-labelled at its 5' end using poly- 
nucleotide kinase. When hybridized to this probe, rabbit globin 
mRNA protects a 139-nucleotide fragment from S, nuclease 
digestion (Fig. 1). This variant of the S, mapping protocol 
permits the determination of the 5’ end of the respective tran- 
scripts to within 1-2 nucleotides'’. 

We have analysed the expression of the rabbit B-globin gene 
at two different sites of insertion in the SV40—plasmid recom- 
binant. The first site is the Kpni site of the origin region of SV40 
on the plasmid pSV8GKpn (Fig. 1), that is, the original plasmid 
analysed by Banerji, Rusconi and Schaffner’. In this case, the 
rabbit 6 -globin gene is inserted in the promoter region of SV40. 
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In agreement with their original observations, we found that the 
rabbit B-globin gene is transcribed from its own promoter in 
these conditions since RNA from HeLa cells infected with this 
$V40-globin recombinant protects a fragment the same length 
as that given by normal rabbit B-globin mRNA (Fig. 1). 

To investigate whether the rabbit B-globin gene must be 
present embedded within the SV40 moiety of the recombinant, 
we first constructed an SV40-pBR328 recombinant by ligating 
the two respective BamHI-EcoRI double digest fragments of 
SV40 and pBR328 (see Fig. 2). The resultant plasmid, which is 
analogous to that of Schaffner except that pBR322 is replaced 
by pBR328, contains the entire early region of SV40, but lacks 
a 751-bp segment of the late region. We inserted the 2,070-bp 
Bgill partial digest fragment, which contains the entire rabbit 
B-globin gene, together with 425 nucleotides of 5’-flanking 
DNA sequences and 355 nucleotides of the 3'-flanking regions, 
into the BamHI site of the SV40-pBR328 recombinant. The 
globin gene segment is therefore interposed between the late 
region of SV40 and the remaining 3' segment of the tetracycline 
gene of pBR328. Since this B-globin gene lacks the DNA 
regions to the 5’ side of position —425, we shall refer to this 
recombinant as V5’ to —425. The rabbit B-globin gene is 
expressed specifically in both of the two possible orientations 
(Fig. 1). Clearly then, the globin gene segment does not need to 
be embedded in the SV40 promoter region. We have estimated 
the approximate level of B-globin mRNA by standardizing our 
S; mapping procedures with purified rabbit a + B globin mRNA 
(see, for example, Fig. 4). From these data we calculate that 
~ 10,000 molecules of 8 -globin mRNA are produced assuming 
that all cells are expressing the B-globin genes. As the real 
fraction of cells expressing the gene is likely to be significantly 
lower than this (usually 15-30% of the cells are positive for 
SV40 antigen), this value is probably an underestimate by a 
factor of 2-5. 

From the above experiments it can be seen that the rabbit 
B-globin gene is expressed on an SV40 plasmid in at least two 
different sites with respect to both the SV40 and plasmid 
sequences; expression is independent of the orientation of the 
B-globin gene with respect to the SV40 plasmid DNA 
sequences. We have obtained similar results with the human 
B-globin gene (C.K.S., N. Moschonas and E. de B., unpub- 
lished) derived from both normal and 8°-thalassaemic indivi- 
duals. Although in these cases the early region of SV40 is also 
present, a functional early region is not required for this ex- 
pression”. 


Rabbit DNA sequences necessary for 
expression of 
the rabbit B-globin gene in vivo 


To determine which rabbit DNA segments are required for the 
expression of the rabbit B-globin gene in HeLa cells, we have 
prepared a series of deleted rabbit B-globin genes and intro- 
duced these into the SV40-plasmid recombinant. This insertion 
was performed as described in Fig. 2 legend, and results in the 
replacement of the pBR328 moiety of the SV40 recombinant 
with that of pAT153, another pBR322-derived bacterial plas- 
mid. In the first case examined, the rabbit B-globin gene seg- 
ment extends from —100 to approximately +1,870; the 
recombinant therefore contains 100 nucleotides of 5’ extragenic 
DNA sequences and ~ 280 nucleotides of 3’ extragenic DNA 
sequences. The plasmid segment (pAT153) is in the opposite 
orientation to that described above for V 5' to —425 and the 
rabbit DNA segment is interposed between the 3’ segments of 
the B-lactamase gene of pAT153 and the late region of SV40 
DNA (at nucleotide 2,468)*'**. Following the same 
terminology, we shall call this recombinant V 5' to — 100. We 
have examined the transcripts found in HeLa cells for only one 
orientation of the B-globin gene (where the 5’ end of the 
6-globin gene adjoins the plasmid sequences), but here again, a 
high level of rabbit 8B-globin mRNA is produced with its 5’ end 
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Fig. 1 Transient expression of the rabbit 8-globin gene linked to SV40 
sequences in HeLa cells. 15 pg DNA from either pSV8GKpn, pBS'SV Bgill 
or pB3'SVBgill (which has the same structure but the -globin gene 
segment is in the opposite orientation with respect to the SV40 sequences) 
were mixed with 25 ug of salmon sperm DNA and used to transform a 
half-confluent 100-mm dish of HeLa cells using the calcium phosphate 
method’. Three dishes were used for each DNA sample. After 10h the 
medium (H21, 10% newborn calf serum) was changed, the cells grown for 
another 24 h, collected and the RNA isolated by the LiCl-urea method”, 
The upper part of the figure shows schematic restriction maps of pSV8GKpn 
and p83'SVBgill DNA. pSV8GKpn contains the 3.9-kb Bam-Eco frag- 
ment of pBR322, the 4.4-kb Bam-Eco fragment of SV40 and the 4.8- 
kb Kpal rabbit 8-globin fragment ligated into the KpnI site of SV40 DNA. 
The construction of p83'SV Bgl and pB5'SV Bgl DNA is outlined in Fig. 2— 
they contain the 2-kb rabbit -globin Bg/ll partial fragment in two orien- 
tations with respect to the SV40 sequences ligated into the BamHI site of the 
S$V40-pBR328 DNA junction. The rabbit B-globin RNAs present in the 
transformed HeLa cell RNA were detected by S, mapping’ using end- 
labelled DNA probes'’. In the centre of the figure is the 221-bp BstNI 
5'-labelled fragment used as probe in this experiment, containing 139 
nucleotides of the 5' end of the rabbit B-globin gene, which is protected 
against S, nuclease digestion in the DNA-RNA hybrid. The lower part of the 
figure shows the S, products of globin RNAs from HeLa cells transformed 
with vector DNA, pSVeGKpn DNA, p83’SVBgill or P8S'SVBgill DNA 
analysed on a 5% polyacrylamide sequence gel?’ (SVpBR328, see Fig. 2). 
As a positive control the S, product of the BstNI probe with in vivo rabbit 
B-globin mRNA is shown. The labelled marker is ®X174 x Haelll. The 
numbers on the side are the lengths of the marker fragments in nucleotides. 
Hatched areas represent SV40 DNA, solid lines plasmid sequences, and thin 
lines and filled boxes the rabbit 8-globin exons. 
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coincident with that of natural rabbit 8-globin mRNA (Fig. 3.). 
In addition to this component, however, a number of bands are 
seen which identify the presence of RNAs with 5’ ends at several 
sites from +42 to +48. As these bands are seen when a 5’- 
labelled 221-nucleotide BstNI minus strand probe is used, these 
components must be transcribed from the same DNA strand as 


8-globin mRNA. Together these bands amount to about twice - 


the number of RNA molecules formed from the normal rabbit 
8-globin promoters. These components are also seen in the case 
of the V 5’ to — 425 mutant (that is, the Bg/II fragment discussed 
above), but the abnormal products comprise only about one- 
third of the total 8-globin transcripts. The same abnormal 
RNAs have been described previously” as transcripts 
produced from the rabbit B-globin gene when introduced into 
mouse L cells and maintained as stable TK* transformants. We 
have also synthesized cDNA on RNA from HeLa cells trans- 
fected with the rabbit B-globin gene using an SfaNI-BstNI 
fragment (from the 3' end of the first exon) labelled at its 5’ end. 
This experiment reveals cDNAs corresponding to natural B- 
globin mRNA and a second predominant cDNA which derives 
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Fig. 2 Construction of $V40 derivatives 
of B-globin DNAs deleted in the 
promoter region. To prepare SVpBR328, 
SV40 DNA and pBR328DNA (each 
Sug) were digested with EcoRI and 
BamHI, both large Bam-—Eco fragments 
were cut out from a 0.5% low melting 
agarose gel, purified on a DEAE 52 
column’? and ligated for 4h at 15°C ata 
DNA concentration of 20 ug ml"! with 
T4 ligase and transfected into Escherichie 
coli HB101. From the ampicillin-resistant 
colonies an SV40~pBR328 recombinant 
was isolated. To clone the 2-kb Bg 
fragment (which contains the rabbit 8- 
globin gene) into this vector, 50 pg RBG- 
1 DNA were partially digested with Bgl 
and loaded on a 0.5% low melting agarose 
gel. The 2,070-bp 8-globin Bgl partial 
band was cut out and the DNA recovered 
by DEAE cellulose chromatography. This 
fragment was ligated into the BamHI- 
linearized pBSV328 DNA at a final 
concentration of 20 pg DNA per mi. 
From the ampicillin-resistant colonies 
both orientations of the globin fragment 
were isolated with the globin 5’ end facing 
SV40 (pB5’SV Begill) and the globin 3’ 
end facing SV40 (p83’SVBgill) respec- 
E tively. pKSI DNA, a plasmid containing 

B B the Psil-EcoRI rabbit 8-globin gene 

fragment (containing the globin sequences 

from ~100 to +1,120) inserted into PstI- 

p EcoRI of PAT153", was used to produce 
deletions in the globin promoter region’? 

with end points to the 5’ side of the ATA 

Or box {—100, —58, —34, —1 5} and the 3’ side 







Construction of of the ATA box (~11—5, ~114+11, —-20+ 
deletion mutants 7, ~30+4). To clone these DNAs into an 
3'&S of the $V40-containing vector, 25 pg 5’pB5'SV 


ATA box (12) BglII DNA was digested with EcoRI and 


the 4.8-kb $V40~globin band containing 
Bam-Eco SV40 and the 3’ end of the 
rabbit B-globin gene was recovered from a 
0.5% low melting agarose gel. Then 
EcoRI-linearized pKS| DNA or DNA 
from the derivative deletion clones was 
ligated (20 ug mi) into this fragment. 
Tetracycline-resistant colonies that 
hybridized to SV40 DNA were picked and 
screened by restriction analysis. 
Hatched area, SV40 DNA; solid lines, 
plasmid sequences; thin lines, rabbit 
DNA, filled boxes, the 8-globin exons. 


x EcoRI 


from an upstream promoter, in addition to several minor shorter 
cDNA bands which presumably result from early termination of 
cDNA synthesis. As no cDNA is seen that would correspond to 
a RNA with a 5’ end at +42 to +48, we conclude that the 5' ends 
detected by S, mapping do not result from transcriptional 
initiation events, but probably derive from upstream RNAs 
which splice to the A-G at position +47 and +48 of the rabbit 
B-globin gene. In addition, in S, mapping experiments we see a 
low level of transcripts derived from a plasmid or SV40 
promoter. 

We have introduced a variety of deletion mutants, derived 
originally from V 5’ to — 100, into the SV40-plasmid at the same 
site, and in the same orientation as the V 5’ to — 100 mutant. 
Thus, each mutant is inserted with the 5' moiety of the rabbit 
B-globin gene adjacent to the 3’ regions of the B-lactamase 
gene. The DNA sequence of each mutant DNA has been 
determined around the regions spanning the deletion and Fig. 5 
shows the relevant areas of sequence. 

These DNAs have been introduced into HeLa cells in stan- 
dard conditions and the 5’ ends of the transcripts produced 
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Fig.3 Transcription of the 6-globin gene in mutants at the 3’ boundary of 
the promoter. HeLa cells were transformed with the 5’ deletion clones 
Y —425 (pB3'SVBegill) and V — 100 or the 3' deletion DNA clones Y —5 — 
11, V —11 +11, VY —20 +7 and V —30 —4 (see Figs 2, 5) as described in 
Fig. 1 legend. (See Figs 2 and 5 legends for explanation of the deletions.) The 
rabbit 8-globin mRNAs present in the RNA of those HeLa cells was 
analysed by S, mapping using 5’-end-labelled 221-bp BsfNI fragment as 
indicated in Fig. 1. The S, products were loaded onto a 5% polyacrylamide 
sequence gel and run next to G+ A sequence ladders of the 221-nucleotide 
BstNI minus strand. As an additional size marker, end-labelled ®X174 x 
Rsal fragments were used, The numbers on the side indicate products from 
the natural B-globin 5’ end (139 nucleotides) and RNA products that map 
within the first exon of the gene (91-97 nucleotides). Besides these two 
products there are S, products labelled with ® in the lanes from the 3' 
deletion clones which are derived from an upstream promoter as explained 
in the scheme of Fig. 4. 


determined as above. To orient these 5’ ends with respect to the 
DNA sequence of the rabbit B-globin gene, a G+ A sequence 
ladder has been run in every third lane on the same gel (Fig. 3). 


Sequence requirements for the regions 
downstream from the ATA box 


We have previously analysed in vitro transcription using as 
templates a variety of mutants which lack DNA sequences to the 
3’ side of the ATA box. From this we concluded that the DNA 
sequences downstream from the Goldberg—Hogness box are not 
necessary for specific in vitro transcription because a variety of 
mutants lacking sequences extending from —20 (or about 4 
nucleotides to the 3’ side of the ATA box) to as far as + 164 (in 
the small intron) are transcribed effectively in vitro `”. The in vivo 
cap site is therefore not required; in fact, the RNA polymerase 
initiates RNA synthesis at about 30 nucleotides downstream 
from the ATA box, essentially irrespectively of the DNA 
sequences at the site of initiation. However, extending the 
deletion to — 30, and hence removing the ATA box, eliminates 
the specificity of in vitro transcripts'*. To determine the effects 
of the same deletions in vivo and in the same cell type, we 
introduced SV40 recombinants, containing these deletion 
mutants into HeLa cells. For this purpose we chose the following 
four mutants: (1) V —11 to —5, which lacks 7 nucleotides 
between the ATA box and the natural cap site; (2) V —11 to 
+11 which has the same 5’ break point as the above mutant but 
which also lacks the natural cap site and a total of 22 nucleotides; 
(3) V —20 to +7, which lacks 27 nucleotides and all but 4 
nucleotides of the 5’ extragenic DNA sequences downstream 
from the ATA box; and (4) V —30 to —4, which also lacks 27 
nucleotides but which, since the deletion is displaced to the 5’ 
side, lacks the ATA box and retains the natural cap site. All 
these mutants were constructed in the mutant V 5’ to — 100 and 
therefore lack the DNA sequences upstream of — 100. 
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Fig. 4 Transcription of the rabbit B-globin gene from mutant templates 
lacking DNA sequences at the 5' and 3’ boundaries of the promoter. HeLa 
cells were transformed with 5’ deletion clones V — 100, Y —58, V -34 and 
y —15 and the 3’ deletion clones V —20 +7 and V —30 —4, as described in 
Fig. 1 legend. The RNA products from these cells were analysed by S, 
mapping, using a 488-nucleotide S’-end-labelled Mboll probe that contains 
360 bp upstream sequences and the first 128 bp of the 5’ end of the rabbit 
B-globin gene (— 360 to + 128). The S, reactions were done at 20°C (L) or 
40 °C (H) using 3,000 U S, nuclease per sample (0.3 ml). The bands labelled 
> are derived from RNA starting at an upstream promoter that is picked up 
by the Mboll probe, as explained in the lower part of the figure. The bands at 
+42 to +47 shift at 40 °C lower in the gel because S, nuclease attacks the 
A +T-rich splice junction. To calibrate the hybridization, natural rabbit 
B-giobin mRNA (3.1, 0.3 and 0.1 ng) was hybridized and treated with S, 
nuclease at 40°C. Relative amounts of rabbit 8-globin mRNAs were 
determined by scanning bands on X-ray film. Numbers are given in Fig. 5. 
Labelled marker bands on each side of the gel are ®X174 x Taql (left) and 
X174 x Rsal (right), respectively. nt, Nucleotides. 
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Fig. 5 Sequences of the rabbit B-globin promoter deletions used for SV40-mediated transient expression in HeLa cells. The upper part of the figure gives the 
relevant areas of DNA (vector—globin junction, CCAAT box, ATA box, cap sequences and start sequences within the gene) of the 6-globin clones that have deletions 
3’ to the ATA box. The size of the deletions are represented by the gap which is left open. As the deletions were constructed from pKSI (Fig. 2), all clones have 5’ 
upstream sequences present to ~ 100 (Psi site), The junctions of vector DNA (pAT153) and rabbit 8-globin sequences are indicated by the boxed nucleotides. The 
lower part of the figure gives the important sequences of the B- globin clones that have been deleted 5' to the ATA box. The size of the deletions is again represented by 
a gap. All the clones have lost the rabbit sequences 5’ to the deletion since the construction of these deletions was started from the Ball site at ~75. The vector 
sequences (pAT153 DNA) present in the clones are indicatec by the sequences in the box. The numbers indicated within the plasmid sequences represent the 
nucleotide which is now at position —75 from the globin cap nucleotide. The ‘transcription level’ refers to relative levels of globin mRNA in the HeLa cells 
transformed with these DNAs, which was determined by scanning the autoradiogram of Fig. 4 with a Joyce-——Loebl densitometer. The mRNA signals were compared 
by assuming that the signal of readthrough RNA starting at an upstream promoter is not influenced by the various deletions in the globin promoter region and was 
therefore taken as an internal standard signal. V Indicates transcription starts seen in the various clones as concluded from the A + G sequence marker lanes in Fig. 3, 
and the splice sites located at +44 to +48. 


The level of specific transcripts from V —11 to —5,V —11 to 
+11 and V —20 to +7 is similar to that seen for the control 
plasmid V5’ to —100 (Fig. 3). The 5’ ends of these mutant 
transcripts are displaced to the 3’ side by essentiaily the same 
number of nucleotides as the length of the deletion (Figs 3, 5); 
we previously found the same result for the transcription of 
these mutants in vitro’*. The same results have recently been 
obtained for the SV40 early region in vivo’ and in vitro”. These 
data are consistent with the notion that the polymerase is 
ultimately bound to the ATA box and starts transcription ~ 30 
nucleotides downstream from this site. 

The mutant DNA FV —30 to —4 which has a deletion of the 
same size as V ~20 to +7, but which lacks the ATA box, shows 
heterogeneous transcripts, among which is a faint band at the in 
vivo cap site; there are numerous other components. The 
abnormal RNAs (5' ends at +44 to +48) and ‘upstream’ plasmid 
$V 40 transcripts are, however, still produced at a similar level to 
that found for the other mutants. In Fig. 3, a few faint bands are 
visible in the case of mutant V —30 to —4 that are also visible in 
the control which contains RNA from HeLa cells transformed 
with the S$V40-pBR328 vector; these are products of 
incomplete S, nuclease digestion which are sometimes obtained 
from this probe when the S, nuclease treatment is performed at 
20 °C; note that these products are seen in the lanes from all 
RNA samples including the RNA from HeLa cells transformed 
with only the vector. 

To eliminate these incomplete digestion products, we treated 
hybrids formed between a 5’-labelled DNA probe (in this case a 
488-bp Mboll fragment; see Fig. 4) and RNA from HeLa cells 
transformed with the -globin gene deletion mutants with S, 
nuclease at 20° or 40°C. Figure 4 shows that the background 
bands are completely digested at 40°C in these conditions; in 
addition however, some cleavage occurs near the 5’ end of the 
perfect hybrids formed with B-globin mRNA and the 5’-labelled 
probe and these overdigestion products are consequently also 
seen in the hybrids formed with the transcription products of 


mutant template VS’ to —100. More important however, the 
heterogeneous faint bands seen when the mutant template 
lacking the ATA box, V ~30 to — 4, is used, are resistant to S, 
nuclease digestion at high temperature and therefore reflect 
genuine transcripts. As judged from the S;-resistant DNA 
fragments, transcriptional starts are found at about five sites on 
this template (see Fig. 5). 


Sequence requirements for the DNA regions 
upstream from the ATA box 


The initial experiments with the SV40-6-globin recombinants 
showed that the rabbit 6-globin gene is transcribed effectively 
when 1,500, 425 and 100 nucleotides of the 5'-flanking DNA 
regions are present. There are differences in the level of B- 
globin transcripts found, but as these three examples have been 
inserted into different sites on the SV40-plasmids and as the 
plasmid segments differ, the significance of these differences is 
not clear. (Note that the template with only 100 nucleotides of 5’ 
upstream sequences is transcribed, if anything, better than the 
two templates with more 5’-flanking rabbit DNA—there is 
therefore no compelling evidence at this stage to invoke 
promoter sequences further upstream than — 100.) 

To test whether DNA sequences downstream from — 100 are 
required for transcription in this in vivo system, we examined 
the expression of four deletion mutants. A correlation of the 
transcription efficiency (but see below) with the extent of the 
5'-flanking DNA sequences present is justified in these cases as 
the £ -globin gene is present at the same position and in the same 
orientation with respect to the plasmid and SV40 DNA 
sequences. The mutant templates we compared are: (1) V 5’ to 
— 100, which contains both the CCAAT and ATA boxes; (2) 
V 5‘ to — 58, which lacks the CCAAT box region but retains the 
ATA box (together with about 30 nucleotides to the 5’ side of 
this structure); (3) V 5’ to — 34 which also has the ATA box but 
only 3 nucleotides upstream from this structure; and (4) V 5’ to 
~ 15 which lacks both boxes. 
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As stated above, the mutant template V 5' to — 100 gives a 
high level of product from the rabbit 8-globin gene promoter, 
together with a high level of abnormal transcripts which give S, 
nuclease-resistant fragments with ends at +44 to +48. 

The level of correct product from the V 5' to —58 mutant is 
reproducibly reduced when compared with V 5’ to — 100 (Fig. 
4). As these effects are quantitative, rather than qualitative, we 
have calibrated the levels of correctly initiated RNA chains 
within the B-globin gene as a function of the deletion of the 5’ 
regions of the 8-globin gene in two ways. We have first made use 
of the fact that there is a plasmid or $V40 promoter which 
initiates RNA synthesis to the 5’ side of the 8-globin gene and 
whose transcripts run into this gene. Since all deletions discussed 
here are downstream from the promoter, it is reasonable to 
assume that they will not have a large effect on the frequency of 
these upstream transcripts. The upstream promoter generates 
RNAs that form S, nuclease-resistant hybrids of a length that in 
each case reflects the 3’ boundary of the deletion in the DNA 
template, as explained in Fig. 4. We have therefore used this 
upstream promoter as an internal control; the S, nuclease- 
resistant bands from the upstream promoter are indicated bya V 
in Figs 3 and 4. We have compared the levels of products from 
the two promoters by scanning the autoradiogram; the results 
are summarized in Fig. 5. Figures 4 and 5 show that the V 5’ to 
—100 template generates significantly more RNA with the 
correct 5’ end, relative to the ‘plasmid’ promoter, than does V 5’ 
to —58. According to these data, the deletion of the DNA 
sequences from — 100 to —58 caused an eightfold decrease in 
the level of the correct transcripts. The level of the correct 
transcripts for the V 5’ to —34 mutant is reduced by another 
factor of 2. Nonetheless, both these mutant templates produce 
rabbit B-globin RNA with the correct 5’ terminus, albeit at 
reduced efficiency. In contrast, V 5’ to — 15 shows no detectable 
product at the correct position. Treatment of hybrids produced 
with RNA from the HeLa cells transformed with V5‘ to —15, 
with S, nuclease at both 20 and 40°C, gives no detectable S, 
nuclease-resistant fragments except the product from the 
upstream plasmid/SV40 promoter and the abnormal bands at 
+44 to +48 (Fig. 4). Thus, while the detection of the DNA 
sequences upstream from the ATA box reduces the level of 
correct transcripts in the HeLa cells, a deletion that removes the 
ATA box alters the specificity of transcription. We have 
confirmed the quantitative difference in the level of 8-globin 
mRNA from the V — 100, V — 58 and V — 34 mutant templates by 
transfecting HeLa cells with a mixture of the relevant mutant 
rabbit and the normal human #-globin genes. The result is the 
same as that in Fig. 4. The correctly initiated rabbit @-globin 
mRNA is decreased in amount (relative to human -globin 
mRNA) when RNA from the V — 100, V — 58 and V — 34 mutant 
templates is compared; the ‘upstream’ RNAs referred to above 
do not vary in amount relative to the human B-globin mRNA 
(data not shown). 

The quantitative effects of deletion of the sequences to the 5’ 
side of the ATA box may possibly be due to the loss of the 
CCAAT box region. Inspection of the mutant templates V 5‘ to 
~58 and ~34 shows that the plasmid DNA sequences, which 
replace the sequences deleted, do not contain a recognizable 
CCAAT structure at the usual 40-50 nucleotides upstream from 
the ATA box. Similar data have recently been obtained by 
Dierks et al”, who analysed the transcription of the rabbit 
8-globin gene, linked to the HSV TK gene, after the intro- 
duction of mutant templates into L cells and the selection of 
stable TK“ transformats. Their comparison of mutant templates 
V 5’ to —425, V 5’ to —76 and V 5’ to — 68 revealed a high level 
of the correct B-globin transcripts in the former two cases, but a 
significantly reduced level in V 5‘ to — 66, that is, on deletion of a 
region containing the CCAAT box. The V —66 mutant is 
adjoined to the plasmid DNA sequences by a dG-dC linker tract 
that is absent in V —76. It is therefore also possible that the 
difference between the results obtained with these two mutants 
is influenced by the dG-dC tract’*. A requirement for the — 80 
region for the expression of the human a-globin gene on an 


SV40 vector has also been demonstrated (P. Mellon, V. Parker, 
Y. Gluzman and T. Maniatis, personal communication). It 
seems that the CCAAT box region may be involved in the 
efficiency of generation of specific transcripts from the rabbit 
B-globin promoter. Proof of this awaits the specific alteration of 
the CCAAT sequence by single base deletion or point muta- 
tion experiments. 


Conclusions 


The results obtained with the rabbit B-globin gene (this work 
anc refs 12, 25) have aspects in common with observations made 
recently on the sea urchin histone genes after microinjection 
into Xenopus oocytes and the $V 40 early genes in vivo, but there 
are also significant differences. First, the ATA box is clearly 
required for the fixing of the transcriptional start sites of the 
B-globin gene'* and the SV40 early genes in vitro” and for all 
three genes in vivo (this work and refs 13, 15). This site of 
initiation is apparently discrete and is located ~ 30 nucleotides 
downstream from the first nucleotide (CATAAAG) of the box. 
This precision is not influenced in vivo (this work) or in vitro” by 
the deletion of essentially all the 5’-extragenic B-globin gene 
sequences upstream from the ATA box (as in V 5’ to — 34) or all 
the sequences from the ATA box to past the natural cap site. 
Thus the positioning of the start site is independent of the 
CCAAT box region in vive and of the presence (as in V — 11 to 
~ 5) or absence (as in V —11 to +11) of the natural cap site. 
These results are broadly similar to those obtained for the SV40 
early region’? | 

Deletion of the ATA box generates RNAs with hetero- 
geneous 5’ ends for the sea urchin histone H2A gene’*, $V40 
early genes’ and the rabbit B-globin gene (this work) if the 
DNA sequences further upstream from the ATA box are 
present. In the case of the SV40 early region, the amount of 
early RNA produced does not seem to be strongly influenced”®, 
while the ATA box deletion in both the histone'* and £8 -globin 
(this work) genes is a strong down mutation (Figs 3, 5). It is 
significant that these heterogeneous RNAs are not observed 
when the B-globin DNA sequences lying between — 100 and the 
ATA box are also deleted, as in mutant V5’ to —15. It is 
therefore plausible that the CCAAT box region is involved in 
the promotion of these heterogeneous RNAs when the ATA 
box is lacking and that their absence in transcripts derived from 
V 5’ to ~ 15 results from the absence of the CCAAT box, 

The results for the -globin gene differ significantly from 
those for the SV40 early region and sea urchin histone genes, as 
sequences far upstream from the 6-globin gene are not required 
to generate a high level of B-globin mRNA in the SV40-based 
system. For both the histone H2A gene‘? and the $V40 early 
region", sequences located about 200-300 nucleotides 
upstream are essential for RNA synthesis. This does not appear 
to be the case for the rabbit B-globin gene since mutant V 5’ to 
~ 100 is transcribed as well as, or better than, V Y to —425. 
There is evidence, however, that DNA sequences near the 
CCAAT box (which is at —75) are involved in promoting 
high-efficiency transcription from the rabbit 8-globin gene cap 
site (this work and ref. 25). The SV40 early region contains two 
putative CCAAT (both (CTAAC) boxes at 80 and 101 nucleo- 
tides upstream from the first cap site”, and deletion of this 
region causes a decrease in the level of early gene expression. In 
contrast, the deletion of this region in the sea urchin H2A 
histone gene stimulates RNA synthesis'*. When considering the 
effect of DNA sequences far upstream, note that the results with 
the 8-globin gene have been obtained on templates carrying the 
SV40 72-bp repeats that are absolutely required for SV40 early 
gene transcription and which constitute the upstream sequences 
of the SV40 early region. Note also that a region of SV40 which 
contains the 72-bp repeat is required to obtain a high level of 
transcription of the rabbit B-globin gene in HeLa cells”®. It is 
therefore possible that this SV40 region is supplanting the 
requirement for rabbit B-globin upstream sequences; a corol- 
lary of this is that these rabbit sequences, if they exist, must not 
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be present on the 4.8-kb genomic KpnI segment which contains 
the rabbit B-globin gene, since this segment is expressed at a 
100-fold level in the absence of the SV40 moiety’’. We are 
currently testing whether such modulator sequences exist 
further from the B-globin gene. If the SV40 sequences do have 
this role, then it is significant that this function can be provided 
by SV40 sequences located at variable distance (~ 3,200- 
4,400 bp) and in either orientation (at least in 5’ to — 1,500 and 
Y 5’ to — 425) to the B-globin gene. This is not the type of effect 
expected from a classical promoter-type sequence. Remember, 
however, that evidence exists for effects on globin gene expres- 
sion of deletions far from the genes affected in vivo in man (ref. 
26 for example). The relevance of these effects to promoter 
sequences is at present unclear, as is the relevance of the effects 
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observed in the current type of experiment to the problems of 
promotion of RNA synthesis from the rabbit 8 -globin gene in its 
natural chromosomal location in an erythroblast. 

Finally, note that in all the systems discussed here (sea urchin 
histone genes, SV40 and rabbit B-globin genes), several 
promoters are being utilized on the same DNA template. This 
might complicate interpretation: for example, transcription 
from an upstream promoter might influence RNA synthesis 
‘from the promoter being studied, in our case the rabbit B-globin 
gene promoter. At present insufficient data are available to 
evaluate the extent of these problems. 
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LETTERS TO NATURE 





Nature of the shells of NGC1344 


were obtained with the AAT on the night of November 11 1980. 


Figure 1 illustrates the position of the IPCS field. Images of the 
faint globular cluster Hodge 11 were also obtained, this cluster 


D. Carter, D. A. Allen & D. F. Malin contains faint electronographic sequences by Walker and 
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Various theories have been proposed to account for the origin™? 
of the low surface brightness features resembling thin shells seen 
in projection around some otherwise normal elliptical galaxies’. 
It has proved impossible to discriminate between these models 
owing to the lack of quantitative data on the nature of the shells. 
Here we present broad-band optical (B, V, R) and near-IR 
(J, H) photometry of one of the shells to determine their 
constitution and place constraints on their mode of formation. 
The colour indices derived suggest that the shell comprises a 
population of stars, perhaps bluer than the main body of the 
galaxy. There is no evidence for recent star formation. Our 
results favour dynamical models for the formation of the shells, 
perhaps from recent mergers of disk galaxies with the elliptical. 

The shells are visible on high-contrast derivatives of deep 
Haj plates taken with the UK Schmidt and Anglo-Australian 
telescopes (AAT). For quantitative photometry we obtained 
images with a linear panoramic detector. The instrument avail- 
able was the UCL Image Photon Counting System (IPCS) at the 
AAT. The large-scale spatial nonuniformities are worse than a 
conventional photographic plate and, at the time of our obser- 
vations, were time variable, perhaps because of the effect of 
ambient temperature variations on the electronics, so that their 
removal by flat fielding is not perfect. Also, because of the finite 
frame rate of the IPCS, data arrival rates above about 30 
photons arc s`? s' will cause saturation, This limits the dynamic 
range of the system, and standard stars must be very faint. These 
factors limit the precision of the optical photometry; neverthe- 
less, quantitative data can be obtained. 

IPCS images of an area 110 90 arcs containing part of the 
boundary of the outermost shell to the north-west of NGC 1344 
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unpublished photometry by Bessell and Gascoigne. Table 1 lists 
the observations made. 

The data were flat-fielded with a combination of exposures of 
the inside of the dome and the twilight sky. Residual nonuni- 
formities in sensitivity, at the level of 1% in the line increment 
direction of the IPCS (corresponding to the declination direction 
on the sky) were removed by fitting a low-order polynomial to 
the sky background to improve the cosmetic appearance of the 
images. 

To establish zero points the intensity of several star images in 
the Hodge 11 field was integrated, in a circle of some 5 arcs 
diameter, and the background level determined from an annulus 
around each was subtracted. The resultant intensity was 
compared with Walker’s* electronographic magnitudes for B 
and V, and in R with magnitudes predicted from V and B- V 
using the colours for giants tabulated by Bessell°. Hodge 11 was 
assumed to be unreddened. This procedure yielded zero points 
internally accurate to ~0.08 in B and V, and 0.15 in R. 
Extinction coefficients typical for Siding Spring Mountain on a 
photometric night were adopted. Each of these assumptions will 


Table 1 IPCS observations 


Exposure Mean 
time wavelength 

Object Filter is) (ym) 
NGC1344 shell B 6,000 0.45 
V 6,900 0.55 

R 8,000 0.66 

Hodge 1i B 300 0.45 
V 300 0.55 

R 500 0.66 


Conditions were photometric for the whole night. 
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Fig. 1 The north-west shell of NGC1344. IR photometry of the 

areas indicated by circular apertures A (shell) and B (sky) was 

obtained. Two-dimensional photometry in B, V, and R was 
Obtained of the area within the rectangle. Scale bar, 2 arc min. 


contribute uncertainties of 0.03 mag or less to the derived zero 
points. 

Although the B optical image was much more uniform than V 
and R, the shell was clearly visible on all three. The shell surface 
brightness was measured by integrating the intensity in circular 
apertures of diameters 5-14 arcs on the brighter part of the 
shell, near the edge, and subtracting from it the intensity in a 
similar aperture just off the shell, separated from the first 
aperture in RA only (that is, the direction perpendicular to that 
along which a polynomial was fitted). This was done at several 
points along the shell edge, and particularly at the point coin- 
cident with the IR aperture (see below and Fig. 1). 

Because of the brightness distribution of the shell, con- 
ventional IR photometry, using symmetrically placed sky 
reference beams, is extremely difficult and would, in any case, 
require a much larger beam throw than was available. We 
therefore made our observations using the d.c. electronics? of 
the IR photometer spectrometer on the AAT. The telescope 
was driven back and forth between the shell and a point 36 arc s 
north on the sky, completing a cycle shell-sky-shell in typically 
5.6s At this frequency we could approach quite closely the 
expected photon shot noise at J. The stronger and highly vari- 
able sky emission at H did not allow such precision. A slight 
improvement in the precision was obtained by editing from the 
data any portion where successive measurements (whether of 
shell or sky) differed by more than 10 times the expected photon 
shot noise. 

Our basic measurements were made with a 14-arc s diameter 
circular aperture centred at position A in Fig. 1. This and the sky 
position, B, were chosen to avoid all stars and galaxies visible on 
a contrast-enhanced Schmidt plate or on the IPCS images. To 
check that contamination from invisible sources was not 
influencing our data we made additional observations at J witha 
10-arcs aperture, and in a second position with the 14-arcs 
aperture. The consistency of the measured surface brightnesses 
gives us confidence that our measurement refers to the shell 
alone. 


At J the shell was 8 x 10~* of the minimum sky brightness, 
which occurred near 3 a.m. LT. At H the corresponding value 
was 1.5x10™*. 

Measuring the surface brightness in B, V and R at several 
points along the shell edge yields: 


B—V=1.1+0.25 mag 
B-—R=1.2+0.3 mag 


Errors due to sky subtraction uncertainties dominate over zero 
point errors. Surface brightness measured at position A in Fig. 1 
are: 


B (0.45 um) = 26.5+0.2 mag/arc s~? 

V (0.55 pm) = 25.1+0.2 mag/arcs 

J (1.25 wm) = 23.93+0.10 mag ares”? 
H (1.65 pm) = 23.43+0.17 mag/arc s™° 


B-J =2.57 +0.22 mag 
B -H =3.07 +0.27 mag 


Because of the long baseline and the lower errors we would 
rely more on B—J and B—H than anything else. All of the 
measured colours are consistent with those of stars of spectral 
type between G5 and K4. However, if we are sampling a 
composite system, we will record bluer stars in the optical than in 
the IR. Persson et al.’ report IR and optical photometry for 
several composite systems. Most are redder than the colours we 
observe for the shell of NGC1344. For the nucleus of NGC1344 
they obtain: 


B—J=3.13 (corrected to match our J filter) 
B-— H =3.84 


For a small (7 arcs diameter) patch in the galaxy ~50 arcs 
north of the nucleus we measure: 


B- V =0.85+0.15 mag 
B-R =1.60+0.15 mag 


Thus the shell near NGC1344 is bluer than the main body of the 
galaxy. 

What do the shells consist of? Observations at 21 cm by A. E. 
Wright, D.F.M. and D.C. (unpublished) give an upper limit of 
7.7x10° (50/Ho) Mo for the neutral hydrogen content of 
NGC1344 in a 14-arc min beam, which includes the outer shell. 
Less stringent upper limits were also placed on the H 1 content of 
some other shell galaxies. Long slit spectra covering the inner 
shells of NGC1344 and NGC3923, obtained by P. Quinn and 
D.C. show no detectable line emission at Hf or [O 111], even 
after many thousands of seconds integration time. We conclude 
that the shells consist almost entirely of cool stars. The colours 
are consistent with a population of stars which is bluer than the 
main body of a normal elliptical. Of the systems studied by 
Frogel et al.*, some of the bluer lenticulars, such as NGC404 
(ref. 8) and NGC5102 (ref. 7), have similar colours. Quinn? 
shows that features like these can form from mergers of 
dynamically cool systems, such as disk galaxies, with an elliptical 
galaxy, so it is perhaps not surprising that the shells have the 
colours of disk galaxies. 

The measured B surface brightness implies a total luminosity 
of the outer shell of 3 x 10° (50/ Ho? Lo. 

A more remote possibility is that the shells consist of dust, 
reflecting light from the main body of the galaxy. However, 
unless the dust grains were abnormally large, their scattering 
properties would render the shells bluer than the galaxy by at 
least 1.5 mag over a baseline from B to H. This is ruled out by 
the data. Also it has been shown’ that a substantial optical depth 
would be required to produce the observed shell surface 
brightnesses, and unless the dust to gas ratio is abnormal, this is 
not consistent with the limit on the H I content of the galaxy. 

In conclusion, the shells apparently consist of stars, probably 
with the colours of a disk population rather than an elliptical 
population, but not so blue that they might have been formed 
very recently, for example in a hot galactic wind. Thus our data 
support dynamical models for the formation of the shells’, 
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rather than models in which stars are formed in a galactic wind’, 
which would predict colours for the shells some 0.5 mag bluer in 
B — V, and therefore some 1.6 mag bluer in B ~ J, than the main 
body of the galaxy. 
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We present here evidence that two previously unidentified, yet 
conspicuous gaps in Saturn’s rings lie at distances corresponding 
to 2/3 and 4/3 of the planet’s rotation period. Gaps such as these 
can be produced in a ring of large bodies or small uncharged 
particles only by a non-axisymmetric gravitational field (both of 
the above can be associated with the / = m = 3 harmonic), a fact 
that is relevant to models of planetary interiors. 

The ‘classical’ picture of the radial structure of Saturn’s rings 
explains its narrow gaps and boundaries as the consequence of 
resonant perturbations with certain satellites, in particular, 
Mimas, Titan and Iapetus. Thus, for example, the inner part of 
the prominent Cassini division lies at a distance from Saturn 
(117,900 km) where the orbital frequency of residual ring 
particles is essentially twice that of Mimas’. Two recent 
developments have brought a new perspective to the association 
between certain ring divisions and satellite resonances. The first 
is a study by Goldreich and Tremaine’ of a mechanism whereby 
satellites can produce gaps that may eventually achieve widths of 
hundreds, possibly thousands, of kilometres, while the second is 
the data provided by the Voyager mission concerning the loca- 
tions, dimensions and sheer number of ring features’. These new 
data will require a careful study when more precise positions are 
provided by Voyager 2. Aspects of this analysis are underway 
with the preliminary result that many ring features in portions of 
the ring having low optical thickness (7 <0.2) show a clear 
correspondence with satellite resonances. There are, however, 
obvious exceptions in which large gaps fail to have any asso- 
ciation with moderate-to-strong satellite resonances. We supply 
here a possible explanation for two divisions, and specifically for 
the conspicuous gap, some 200 km wide, located in the outer 
part of ring C, 86,700 + 700 km from the centre of Saturn. Ring 
particles at this distance have mean motions one and one-half 
times the value corresponding to Saturn’s 10 h 39.4 min rotation 
period and the planet can act to produce a gap, several hundred 
kilometres wide, just as a satellite would, only if its mass 
distribution is non-axisymmetric. (The ellipticity of the Earth’s 
Equator i is one such example.) If we suppose asymmetries to be 
present in Saturn, then the disturbing potential’ can be written 


Wao 
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where / and m are usual subscripts arising in an expansion in 
spherical harmonics, p and q are introduced by the inclination 
and eccentricity functions, F (i) and G(e) which allow V to be 
expressed in terms of orbital elements. The a refers both to the 
equatorial radius of Saturn, s, and the semimajor axis of a ring 
particle and u, = GM,. The quantity Sanpa contains the harmonic 
coefficients, C,,, and S,,, that are associated with cos and sin 


J028-08 36 /82/020128-——03$01 00 


PONANA HASAN AE GMI SS ara aaa 


Table 1 Correspondence of ring features and certain resonances 


Qeaic Width 


bs 

Resonance (10°km) (km) n/n 
Mimas, 2:1 1.179 1.1754 450 

Titan ‘apsidal’ 0.773 0.7765 200 
m q 
2 ~] 0.732 0.7201 -< 2:1 
3 +] 1.361 1.3607 ~ 30 3:4 
3 = Í 0.867 0.8637 250 3:2 
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The first, a 2: 1 ratio between local mean motion and that of Mimas 
and the second, equality of local apsidal precession frequency and the 
mean motion of Titan, provide characteristic values of the positional 
accuracy of Voyager 1 measurements. Final three (first of these is a 
boundary, not a gap) are associated with the non-axisymmetric gravita- 
tional field of Saturn. n/n, is the ratio of the orbital frequency at 
resonance to the planet’s rotation rate . 


terms whose angular argument is 
[A(—2p +q)—m6,— qa —(1- m —2p)Q] (2) 


where A is the mean longitude, ð and Q are the longitudes of 
pericentre and node, respectively, and 6, is the longitude on 
Saturn associated with a given harmonic so that 6, = = w, is the spin 
rate of 810.7601° day™' (ref. 4). At present we consider only 
orbits in the equatorial plane so that i= 0°, whence it follows 
that for F(i = 0°) #0,/-m= 2p. The function G is proportional 
toe", where e is the eccentricity of a ring particle. The case q = 0 
corresponds (see equation 2) only to synchronous rotation, that 
is A=n =w, where a is the mean motion. This case—the 
analogue of the 1:1 resonance of the Trojan asteroids— 
produces effects that must be analysed differently from those 
arising at other resonances”. Synchronous rotation, presumably 
not by coincidence, lies in the outer part of ring B where r>1. 
The orbital behaviour of (non-colliding) particles near the 
synchronous distance, d, is well known” so that the surface 
brightness can apparently show an azimuthal dependence over a 
narrow annular region centred on d. 

The cases, q = +1 are the equivalent of the n/(n + 1) orbit- 
orbit resonances. As is evident from the Lagrange planetary 
equations, forcing terms associated with them contain e"! and 
are therefore stronger than higher order commensurabilities. 
We consider only the |q|=1 case so that, for i= 0°, the time 
derivative of equation (2) yields 


mo, w@ 
mtl 
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where, apart from l—m=2p, m<i is the only remaining 
restriction on equation (3). 

In the saturnian case, the first—and presumably the 
strongest—nonaxisymmetric term (given by the Cn or $2. 
coefficients) produces, apart from the case at the synchronous 
distance just mentioned, no resonance lying within the ring 
system. However, the q = —1 case, whence n = 1591.70° day’ 
and a = 72,010 km lies just inside the inner boundary of ring C, 
measured by Voyager 1 at 73,200+700 km. (All these cal- 
culations use a,=60,330km, J(<Cz)=0.0244488 and 
K (Cao) = 0.0034375 and u, = 3.79209 x 10%.) Two cases 
lags the identification seems likely arise when m = 3, that is 

=(3w,-@)/2 and n=(3w,+@)/4. Calculations (Table 1) 
a the former at 86,370 km, the latter at 136,070 km and, in 
each case, especially the former, a prominent ring gap is nearby. 
A caveat remains because systematic errors as large as +700 km 
(ref. 7) attend the positional measures made by Voyager 1 and 
the accurate Voyager 2 results require reductions not yet 
complete. To offset this uncertainty, we have compiled in Table 
1 predicted and measured locations for two strong satellite 
resonances whose identifications are well-established, together 
with those, just considered, that we associate with the planet’s 
rotation. 

It seems premature to examine evidence linking less conspi- 
cuous gaps in ring A with larger values of m. For future efforts 
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and because much ‘fine structure’ has been detected in the 
Cassini division’, we list in Table 2 selected resonance locations 
arising from non-axisymmetric terms up to m = 13. The stellar 
occultation experiment of Voyager 2 will provide the obser- 
vational material for comparison. 

Using the analysis of Goldreich and Tremaine’, we can esti- 
mate the magnitude of the C3, coefficient required to produce 
the large gap in outer C ring by replacing the disturbing function 
due to an exterior satellite by one appropriate for the non- 
axisymmetric mass distribution of Saturn. For the case i = 0° and 
\q|=1, the disturbing function (1) can be written. 





m ({— '? s a, ne [+ + 
Vine, =) am St) (== -) 
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x (1—2gm + 1)eS impa (4) 


where I is the gamma function and Simpa contains the Cim and Sim 
coefficients. Equation (4), when combined with the develop- 
ment of Goldreich and Tremaine, shows that a combined 
harmonic coefficient, (C3, +83)? =2x107° is sufficient to 
generate the observed gap width is the process’ can operate 
essentially for the age of the Solar System. As there is no 
evidence favouring such long-term operation, it is useful to see if 
the lower limit can be raised. Values of (C3, +S33)'’* must be 
large enough to ensure that a gap can be cleared, thanks to 
angular momentum transport, in the presence of continuing 
viscous diffusion. The relevant equations have been derived by 
Goldreich and Tremaine*, whence the most stringent condition 


1S 
y j (5) 
Nkr’ 


where v is the kinematic viscosity and Nx the local keplerian 
angular velocity. The former has recently been derived’ from 
observations, made by Voyager 1, of the Cassini division, v = 
170+80 cm? s~', which approximately accords with theoretical 
estimates’. If we assume that the same value of v applies in parts 
of the ring having larger optical thickness, then the right-hand 
side of equation (5) yields ~3 x 10~* as the appropriate limit. 

The gap at 1.361 10°km in the outer part of ring A is 
produced by the same / =m =3 harmonic, with q = +1 rather 
than —1 (although higher harmonics may contribute to both). 
Equation (4) indicates why it is so much narrower (see Table I). 
In addition to the difference in the saturnicentric distance of the 
two, for the outer resonance, the factor (/—2qm + 1) drops by a 
factor of 5. 

Following the Saturn encounter of Voyager 2, a more detailed 
examination of the positions and widths of all ring features, 
especially in regions of low optical thickness, is necessary. We 
shall also need an equally careful review of the mechanism of 
gap formation to infer more precise values for the harmonic 
coefficients. There now seems to be some evidence that Saturn's 
gravitational field does contain at least the (3,3) harmonic. 
Although it is tempting to suppose that the ( 2,2) term, with its 
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Table 2 Positions (in optically thin regions) of additional strong 
resonances associated with higher harmonics of Saturn’s field 


i 


m q calc n/ Nes 
4 +1 1.3037 4:5 
5 +1 1.2690 5:6 
8 +1 1.2159 8:9 
9 +1 1.2060 9:10 
10 +1 1.1980 10:11 
11 +1 1.1915 11:12 
12 +1 1.1860 AD 
13 +1 1.1814 13:14 


e 

Cassini division, where many narrow gaps appear’, stretches from 
~1.177 to ~1.210x 10° km. Precise positions from Voyager 2 are 
necessary for a detailed comparison. 
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Fig. 1 Ring system from Voyager 1. Arrows mark the two gaps 
that can be accounted for if Saturn has an / = m =3 harmonic. 


strong resonance just inside the inner ring C boundary is 
responsible for the truncation of that ring, how this happens is 
not clear. If the ring system once did extend closer to Saturn, into 
the D-ring region, then were the planet to have a substantial 
(2.2) term, a broad gap near 72,000 km could be produced, with 
its outer boundary at the observed truncation of the C ring. 
However, we would apparently still require an additional 
process’ to reduce the surface density inside that resonance. In 
this context, we should note that the effective inner boundary of 
Jupiter's ring lies at a distance corresponding to the /=m=3 
resonance, or, where 2n=3w,;—@. Adoption of w;= 
870.5443° day ' (corresponding to a period of 9h 55min 
29.37 s), J =0.02208, K = 0.00244 and R; = 71430 km shows 
this resonance to be located at 1.227x10°km, whereas, 
although the ring can be faintly traced nearly to the jovian cloud 
tops, measurements place the inner edge of the bright portion 
(viewed in backscattered light) at 1.228+0.007 x 10° km (ref. 
10). The influence on particle orbits that we attributed to 
tesseral harmonics of the gravitational field might instead result 
from the primary’s inclined, displaced magnetic field. As for 
Saturn. the outer ring boundary seems to be established by a 
small satellite. 

It seems unlikely that harmonic coefficients with m # 0 refer 
to the shape of Saturn’s (probable) rock-ice core. However, 
Stevenson! has proposed a new interior model with three 
distinct layers, in addition to the core, that can account both for 
the planet’s unexpectedly weak magnetic field and its excess 
heat flux. The model's outermost layer consists of an envelope of 
molecular H, and He, with the latter somewhat depleted. The 
existence of metallic H characterizes the next layer which is 
inhomogeneous because of the limited solubility (dependent on 
temperature and pressure) of He in metallic H. Deeper, droplets 
of He eventually dissolve to form a much more homogeneous 
layer above the core. The inward migration of He releases 
gravitational energy and might inhibit convection, but, for our 
purposes, the vital point is the existence of several distinct 
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layers. The likelihood that various instabilities can exist on the 
surfaces of these layers such that their interfaces assume a wavy 
form was suggested by R. Smoluchowski. In a nonlinear regime, 
denser parts of the fluid will collect near the troughs, while the 
crests can grow by buoyancy to reinforce the wave. Although 
diffusion seeks to eliminate such waves, they may, in a poorly 
convective layer, persist for a long time or be regenerated. If 
such waves are the source of Saturn’s gravitational asymmetries, 
then concomitant ring features may well vary to some time 
scale—all of which means that any estimate of (C3; + 83 V2, 
but perhaps not its existence should be treated cautiously. As an 
alternative to instabilities at layer interfaces, one might consider 
an interior model possessing large scale convective cells that 
develop and sustain non-axisymmetric mass distributions— 
presumably over extended periods of time. 

We thank Drs R. Smoluchowski, I. Shapiro and J. Cuzzi for 
useful discussions. Aspects of this study were funded by NASA 
under contract NAS 7-100 with the Jet Propulsion Laboratory. 
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There is much concern that long-lived radioactive elements 
incorporated in glasses for the disposal of highly active nuclear 
waste might eventually return to the environment. The most 
important mechanism begins with leaching of the glass by 
groundwater and a leach rate, usually based on laboratory tests 
of simulated vitrified radioactive waste, has been used as the 
basis of analyses of the radiological safety of a waste reposi- 
tory. The possibility that radiation damage to the glass from 
the products of nuclear decay could change the leach rate has 
been studied both by the incorporation of active elements in the 
glass and by irradiation from external sources. The most 
important contribution to radiation damage comes from the 
recoil nuclei during a decay*. Typically the recoil nucleus has a 
kinetic energy of ~100 keV and displaces >1,000 atoms in the 
glass. Experiments which simulate this damage by incorporating 
short-lived a-emitting isotopes such as ***Pu into the glass have 
not shown significant increases in leach rate at doses equivalent 
to >10°* a decays g™ (refs 5-9). Figure 1 shows that for wastes 
considered in the UK this corresponds to a time after 
vitrification of at least 10°-10* yr. Recent work with ion beams 
inducing the radiation damage'™™ has suggested that large 
increases (up to a factor of just over 50) in leach rate will occur 
after a critical dose of radiation from the a-decay processes. In 
addition, experiments in which the leaching solution is irradi- 
ated with y rays'*** have shown that radiolysis effects in the 
water can increase the leach rates of glasses. We present here 
new data and calculations which relate these studies to the 
conditions expected in a real waste repository. Our analysis is 
described in more detail elsewhere'™?”, 

Dran et al.'™ irradiated glasses and crystalline minerals with 
200-keV Pb ions and found that an enhanced leach rate occurs 
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Table 1 Leach tests on samples of glass 189* doped with ***PuO, 


Holding 

temperature (°C) 
First year 50 170 
Subsequent years 20 20 

Dose 
(a-disintegra- Equivalent Leach rates 

Date tionsg `) time (yr) (mg cm” day`’) 
November 1975 0.89 x 10°8 7,000 1.6 1.5 
February 1977 20x108 250,000 2.3 2.3 
March 1977 2.1 x108 300,000 2.4 22 
November 1977  2.7x10*" 500,000 2.3 2.6 
July-1978 3.3x 10" 700,000 2.3 2.5 
January 1981 5.510 3.2 Za. 

February 1981 s6xio'® 1,400,000 3% 





The equivalent times assume 0.5% of the plutonium and 0.25% of the 
uranium originally present in Magnox fuel go into the waste. The fuel is 
assumed to be reprocessed after 6 months out of the reactor. Leach rates 
were measured by the Soxhlet method, in which the sample is in contact 
with frequently changed distilled water at 100°C. The initial Soxhlet 
leach rate expected for undoped glass of this composition is 1.3 + 
0.2 mg cm”? day‘. 

* The composition of this glass in wt% is SiO,:41.5; B,O03:21.9; 
Na20:7.7; Li,.0:3.7; simulated waste product oxides: 25.2. 


above a critical fluence of ~5=10" ions cm™*, which cor- 
responds to the dose at which the individual damage zones 
(each of lateral extent ~ 10 nm) produced by the Pb ions overlap. 
Such effects have been observed before, for example, in ion- 
irradiated garnets'*. One expects similar overlap of damage 
zones to occur in a glass containing a emitters at a dose 
of ~10'* decays g`. 

Each incident 200-keV Pb ion in the ion beam experiments 
produces <3,000 displacements. The irradiated region has a 
depth of 50 nm so that at a critical fluence of 5 x 10'* ions cm~? 
the average number of displacements is not more than 3x 
10°'cm™*. We calculate that each a decay produces 1,380 
displacements so the critical fluence is equivalent to 2.2 x 10’? a 
decays cm”. For a typical glass density of 2.6 gcm™ this is 
8.5 10" decays g`'. Dran etal. quote ~2 x 10'* decays g`’ as 
the equivalent dose to a Pb ion fluence of 5x 10°? cm”. Their 
method is based on an equivalent number of heavy ion tracks 
crossing unit surface area. However, whichever approach is used 
the appropriate figure is clearly ~10'* decays g7'. 

Table 1 shows recent results from work at Harwell on samples 
of UK glass 189 which have been doped with 5 wt% of 7**PuO,, 
Regular leach tests of these samples in distilled water using the 
Soxhlet test have been made since their manufacture in 1975, 
Only modest increases in leach rate have been observed even 
after 5.6 x 10'* a decays g`, The PuO, may not be completely 
homogeneously dispersed in these samples, but it is believed 
that most of it is in solid solution in the glass as would be the case 
for the a-emitting isotopes in real vitrified waste. There is no 
evidence of a large increase in leach rate as found by Dran et al. 
One of these samples has now also been tested in a 250 21°! 
NaCl solution at 100°C as used by Dran et al. and showed an 
increase by a factor of only 1.2 over an unirradiated sample. 
Furthermore the leach rates were an order of magnitude smaller 
in the NaCI solution than in distilled water. 

We therefore believe that the large effects noted by Dran eral. 
do not occur in the simulations using a emitters, which, of 
course, are accelerated versions of the effects that will actually 
occur in practice. In trying to rationalize these results we have 
considered possible effects of dose rate’, Simulations with a 
emitters are carried out at rates 10*—10° times higher than those 
pertinent to a real waste repository at times =100 yr, whereas 
the ion beam experiments are accelerated by a factor of 10'°- 
10". If z cm™° s~ is the rate of damaging events and v cm? the 
volume of a damaged zone created by one event (that is, by a 
single incident ion or single recoil nucleus), then the time 
required to reach a stage where the zones Overlap is fei: = (rv), 
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Obviously if an individual zone recovers (anneals) in a time short 
compared with fs overlap of zones is not reached. By 
extrapolating data obtained at Harwell on the annealing of 
density change of the glass and the release of irradiation- 
induced stored energy on heating, we estimate’® that the mean 
recovery time of a damaged zone is in the range 10°-10’s 
between 25 and 200°C. With v ~(10nm’*) we estimate that 
tra~ 10s for the ion beam experiments, ~10* s for simulations 
with æ emitters and ~10'°-10'*s for a real waste glass. We 
therefore suggest that the effects observed with ion beams will 
not occur in simulated or real glasses in which the damage results 
from a-decays at a relatively low rate. 

= Our remarks apply more strongly to the work by Hirsch”? in 
which the damage is produced by 2-keV Ar ions. These have a 
range in the glass of only 2.4 nm and accelerate the damage rate 
by a factor of perhaps 10'*. Such low energy ion beams also 
produce changes in surface composition and (at high fluences) 
topography'’*' which may have more influence on chemical 
attack than the effects of structural changes produced by radia- 
tion damage in the bulk of the material. 

Some recovery of damage may also occur during laboratory 
leach tests if these are carried out at 100°C as in the Soxhlet 
method. We estimate that up to 15% recovery could have 
occurred during leach tests for the samples in Table 1. Obviously 
recovery effects must be considered both during irradiation and 
during any tests after irradiation; our estimates show that they 
could be extremely important in the long time, low dose-rate 
conditions that apply to real vitrified waste. 

McVay and co-workers'*"'* have measured the leach rates of 
US glass 76-68 while the glass and aqueous leachant were being 
irradiated with °°Co y rays at a dose rate of 2.4 Mrad h™'. They 
found increases by a factor of about two in the rate of loss of 
weight of the glass and larger increases in the leach rate of some 
individual elements. They showed that these effects are not due 
to radiation damage to the glass by y rays, but must be asso- 
ciated with the effects of radiation on the leachant. In those 
experiments where air was present, some of the effect could be 
caused by the production of nitric acid when air or nitrogen is 
irradiated in the presence of water***’. However, the increases 
in leach rate in a system in which air was removed’? must be 
caused by radiolysis of the water. 

To relate these experiments to the conditions likely to exist in 
a waste repository, we have used the methods of radiation 
chemistry” to calculate the concentrations of radicals 
produced by the irradiation of water next to the glass surface. 
These calculations consider the known yields?“ 7 of the primary 
species H*, e,,, H, OH, HO, H, and H,O, produced by 
ionization of water, and known rates of secondary reactions” 
involving these species, water molecules and possible solutes. 
We have made preliminary calculations for the following 
irradiation conditions. (a) 2.4 Mrad h`‘ y radiation, as used by 
McVay et al. (b) 4 Mrad h`’ a radiation, which represents the 
situation for leach rate measurements on samples doped with 
*38PuQ, (see Table 1), where simultaneous leaching and irradi- 
ation is inevitable. (c) The radiation conditions in a repository, 
assuming pessimistically that the leachant contacts the glass 
directly at all times. Some typical dose rates at various times 
after vitrification are given in Table 2. 


Table 2 Typical radiation dose rates to the leachant in a waste 
repository 


E A E A E A O tarred OO E EAA EAA Biter Athair ine i iNeed 


Dose rates (Mrad h`!) 


Time after Lightly ionizing 
vitrification (yr) radiation (8, y) a radiation 
4 5.3x107! 2.72 10? 
50 8x107 2.25 x107? 
500 ~0 1.08 x 107? 





These figures assume that the Jeachant is in contact with the radioac- 
tive glass and are based on the same data as in Fig. 1. 
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Fig. 1 The number of decays g`* as a function of time for highly 

active vitrified waste: 12.5% fission products in glass: 0.5% Pa, 

0.25% U to highly active vitrified waste. The different curves refer 

to different reactors and processing conditions as indicated. Each a 

decay produces over 1,000 atomic displacements whereas each 8 

decay produces <1 displacement. Long term radiation damage 
effects are therefore dominated by a decays. 


Because dissolved oxygen was removed in McVay and 
Pederson’s experiments ’* and is not expected in an underground 
repository, most of our calculations are for sealed systems with 
no gas phase present. However, in case (b) we assumed that the 
water is saturated with dissolved air at the temperature used as 
was the case in these experiments. 

The results are shown graphically in Fig. 2. We note first that 
in case (a) the radicals with highest concentration are OH and 
Oz, suggesting that these are the species responsible for the 
enhanced leach rates in McVay et al.'s experiments (note that 
McVay and Pederson‘ show that H-O, has no discernible 
effect). We find small changes (factor of <2) in the concen- 
trations of H* and OH. Experiments*”*” in which leach rate has 
been measured as a function of pH show that such small changes 
will have a negligible effect on leach rate. The absence of any 
significant change in initial leach rate for **PuO.-doped glasses 
when compared with undoped glass (see Table 1) suggests that 
OH is more active than O; in promoting an increase in leach 
rate, since we find in Fig. 2 that there is a higher O7 concen- 
tration in case (b) than in case (a). Clearly in Fig. 2, in real 
repository conditions the concentrations of these radicals fall to 
values low compared with those for the laboratory experiments 
incase (a). We also find that the presence of the solutes NO; and 
Cl”, which are found in real waters equilibrated with rocks, can 
reduce the OH concentration by factors of up to several thous- 
and. We conclude that radiolysis of the leachant will not have a 
large effect on the leach rate in a real repository. 

We have tried to quantify the production of nitric acid 
when air or nitrogen is irradiated in the presence of water. 
From experimental data’’** we deduce that the nitric acid 
concentration N mol dm” at time ¢ h for irradiation of a sealed | 
air/water system is given by 


N =2C)R[1—exp (-1.45« 107° GDH] wh 


where D is the dose rate in Mrad h`‘, R is the ratio of the volume 
of air to the volume of liquid and the G value for the reaction is 
1.9. Co is the concentration of N- in the air in mol dm”. 
Equation (1) shows that a pH change from 5.7 to 3.3, as 
observed by McVay and Pederson’” after 5 days irradiation in 
the presence of air, would be consistent with a value of R of the 
order unity. 

A repository should be free of air pockets soon after burial 
(N. A. Chapman, personal communication) and the absence of 
air as a separate phase precludes the formation of nitric acid 
because this compound is a negligible product of the irradiation 
of water containing dissolved nitrogen*’*’. Measurements by 
Rai et al.’ with particulate suspensions of plutonium 
compounds suggest that nitric acid could be formed fairly 
efficiently from dissolved nitrogen, but this interpretation is 
suspect as air was present in their tubes as a gas, which was 
probably irradiated by the Pu-containing particles, distributed 
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Fig.2 Concentrations of the radiolytic species H, OH, €a and O3 
produced by radiolysis of the water next to glass in a repository. 
The concentrations for irradiation conditions (a) and (4) described 
in the text are shown on the left. The H and e,, concentrations in 
case (b) are below the scale at 1.1 x 107 and 4.1107", respec- 
tively. The rise in the O7 concentration after ~ 100 yr is caused by 
the preponderance of a radiation at long times (see Table 2). 


non-uniformly (the greatly increased energy yield found with 
shaking, and the increase in the rate of acid formation with time 
support the latter interpretation). 

If air were present in a repository the radiation could reach it 
only through containment and probably a layer of water. At 
times when the containment may have failed, say after a few 
hundred years, Table 2 shows that the only significant radiation 
is from a particles. These have a range of <4x 10mm in 
water, so would be completely absorbed in this thickness. The 
conditions in a repository therefore militate quite strongly 
against the formation of nitric acid and its consequent contribu- 
tion to leaching. 

The experimental data discussed here ali point to leach rates 
in real repository conditions no more than a few times larger 
than those of unirradiated glasses. Note, however, that rather 
wide extrapolations and interpolations in dose rate are involved, 
and more data are needed over a range of dose rates. Leaching 
data for specific elements would also be informative because 
nearly all existing measurements refer to total weight loss. 
Experiments that have been done suggest that actinide elements 
dissolve more slowly than the bulk glass structure’*”?. 

Note also that the leach rate as usually measured in laboratory 
tests is unlikely to be the rate-determining factor for the dis- 
solution of glass in a real waste repository, because of the very 
slow flow rate of water past the glass surface****. In these 
conditions the rate of removal of elements from the glass will be 
controlled by the saturation solubility of the glass in the water, 
or, in stagnant conditions, by the diffusion of species away from 
the glass surface". Chapman et al.** have estimated that the 





water flow through a (fractured) 1 m* block of glass in a reposi- 
tory even without clay backfill would be ~4 ml day”. If we 
assume a solubility of 2g1°', which is an order of magnitude 
higher than the solubility of amorphous silica in water at 50 C 
(ref. 37), then the rate of mass loss of the block will be 8 mg per 
day. If the block is fractured into 10-cm cube segments the total 
surface area is 6 x 10° cm’ so that the effective leach rate would 
only be 10`" gcm™ day’. This can be compared with laboratory 
values (see Table 1) and the figure of 10°’ g cm~* day™' below 
which radiological analysis gives a clear margin of safety’. 
Backfilling might reduce the flow rate and hence the effective 
leach rate by a factor®® of 10%. A major uncertainty in this 
argument is the effective solubility of real vitrified waste, but 
there is evidence that the solubility of actinide species from 
glasses is extremely low. Radiation damage should not change 
the solubility by more than a small factor as one is dealing with a 
situation approaching chemical equilibrium, rather than with a 
kinetically determined rate process as in a normal surface leach 
rate measurement. 
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In the terrestrial atmosphere, nitrous oxide (N20) has a major 
role in the chemistry of ozone. Current atmospheric models 
assume that N,O is produced only by fixation at the Earth’s 
surface and that there are no local sources in the stratosphere or 
mesosphere. We point out here that a significant in situ NO 
source does exist above 20km due to the excitation of the 
metastable N,(A°*> 5) state by resonance absorption of solar UV 
photons that penetrate deeply into the atmosphere through the 
A1,800-2,200 A O.-O, window. This source significantly 
affects the NO altitude distribution in the mesosphere and, in the 
Earth’s prebiological atmosphere, made N,O an important 
stratospheric constituent. 

Literature estimates of the profile of eddy diffusion 
coefficients, of the effective lifetime of N-O in the lower atmos- 
phere and of the magnitude of the role of nitrous oxide in the 
chemistry of the ozone layer are predicated in part on the 
assumption that there are no significant in situ N O sources. 
Previously, the only aeronomically interesting mechanism 
known to produce nitrous oxide was the reaction’ 


OU D)+N,+M—->N,0O4+M (1) 


But the rate of this reaction in the gas phase is negligibly slow, so 
that it is not a factor at stratospheric altitudes and above’. 
However, a recent laboratory experiment found that the reac- 
tion? 


N,(A?E2)+0,-»N,O+0 (2) 


produces nitrous oxide with an efficiency of 0.6+ 30%. Because 
reaction (2) is the dominant N.(A°S*) loss mechanism below 
90 km, the resulting NO production rate in the mesosphere and 
below will be directly proportional to the local N.(A*ZZ) exci- 
tation rate. 

Metastable N2(A°2) molecules are formed efficiently‘ by 
electron impact 


e+N,(X'E*) 9N,(A2Es) +e (3) 


with a total cross-section that is quite large (~1.4 x 10°'® cm’ at 
15 eV). In the upper atmosphere, therefore, these energy-rich 
molecules will be produced copiously by the secondary electrons 
resulting from the absorption of relativistic electrons and solar 
protons in the mesosphere” and from the absorption of auroral 
electrons’ and solar X rays and EUV in the ionospheric D and E 
regions. 

Processes (2) and (3) may result in N,O concentrations as high 
as 10° cm™ in the auroral D region during an active substorm®. 
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Fig. 1 The normalized g-values [g;;-xNj,-/N] for the (2, 0) 

Vegard-Kaplan band [A°23 ts X E; ] and the absorption cross- 

sections for the (5, 0), (6, 1), (8, 1) and (9, 1) Schumann—Runge 
bands of O}. 


However, energetic particle precipitation is a less important 
N,{(A°Z3) source mechanism at mid-latitudes and in the equa- 
torial region and at low altitudes (z < 50 km). In these regions, 
optical pumping of the A*%; state by the resonant absorption of 
solar photons in the A 1,800-2,100 A wavelength range 


hv +N (X `E ) + N A’°E $) 
NA’ ++O, > N,0 +0 


seems to be an effective nitrous oxide source throughout the 
mesosphere and to altitudes as low as 20 km in the stratosphere. 

At first sight, optical pumping of the N.(A°*ZZ) state by solar 
UV photons looks unpromising: the A°*Z; state is metastable 
with an average radiative lifetime of 2s (ref. 7), so that the 
cross-sections for resonance absorption will be quite small. 
Furthermore, the Franck-Condon factors for the 
X25 — A°Z; transition favour transitions from high vibrations 
levels (v" > 4) of the X'Z{ ground state which are negligibly 
populated at the low temperatures that prevail in the stratos- 
phere. However, from a stratospheric point of view, these 
properties could be regarded as an advantage because the solar 


(4) 


Table 1 The gpp factors for solar optical pumping of the metastable No[A°S.(v’, 0)] state 


Eg os (0, 0) (1, 0) 
RJ") §.04(~18).R* 2.39(-17)R* 
Q’ 2.52(-18) 1.20(-17) 
Qi T”) 2.52(~18) 1.20(-17) 
PAJ 5,04(-—18)Pt 2.39(-17) Pt 


Aihara DAAA A ADAAN WW 


(2, 0) (3, 0) (4, 0) 
4,22(-16)R* 2.03(-15)R* 5.34(-15)R* 
2.11(-16) 1.01(-15) 2.67(—15) 
2.11({-16) LOL 15) 2-67(=15) 
4.22(-16) P+ 2.03(-—15)P7 5.34(-15)Pt 





* For example, 5.04(-18)R = 5.04 107 '* [7"/(27" + 3)] photons per s per molecule. 
+ For example, 5.04(-18)P = 5.04 x 107** [{J" + 1)/(27" — 1)] photons per s per molecule. 
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photons that optically pump the Vegard-Kaplan band system 
[X'S ss A°Zt] will penetrate deeply into the atmosphere 
before they are absorbed. Thus, the net N.(A°=,) production in 
the 20-50 km region of the lower atmosphere will reflect the 
outcome of the competition between process (4) and the 
absorption of solar photons by O, and ozone. 

The Vegard~Kaplan bands that contribute most significantly 
to nitrous oxide production in the mesosphere and stratosphere 
are the (0, 0), (1, 0), (2, 0), (3, 0) and (4, 0) transitions (see Table 
1) which are located quite favourably in the 1,800-2,100 A 
{O,-O,] atmospheric window. 

We have estimated the magnitude of the local N (AE) 
production rate due to solar UV absorption as follows. The 
excitation rate of a specific rotational transition (J', J") for a 
(v', 0) Vegard—Kaplan band, n, can be expressed in terms of the 
g-factor? 


niz; v’, 0; J’, J") = g(v', 0; J’, JON Az) (5) 
where N,-(z) is the population density of the N.(X'Z;) ground 
state molecules in the v”=0Q vibrational level and in the J” 
rotational level at altitude z, and 

2 
g(v', 0; J’, J") = 2F,(z) IR 0; J’, J") (6) 


In this expression, f(v’, 0; J', J") is the optical oscillator strength 
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Fig.2 a, Production rates of NAS, ) due to solar resonant 

scattering for overhead Sun conditions. The number in the paren- 

theses denotes the vibrational levels in the A + X electron tran- 

sition. The curve ‘total’ is obtained by summing the contribution 

from the various vibrational levels. 6, Total production rate of 
N.(A°ZJ) for various solar zenith angles. 
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Fig.3 Mixing ratios of N0. Curves a and b represent theoretical 
values for two cases: with and without the nitrous oxide production 
due to the excited N,(A°=,), respectively. Observed values are 
from Farmer et al.“ (@), Schmeltekopf et al.'® (+) and Ehhalt 

et al, ~ (x), 


of the J” > J’ rotational transition of the (v’, 0) VK band, and 
awF,(z) is the incident photon flux at frequency, v, from the Sun. 
The local flux can be related to the fiux outside the atmosphere, 
aF,(00), in units of photons cm™’ s~' Hz™' by the expression 


nF, (2) = mF,(00) ¥ exp (11/0) (7) 


where 7'/ 29 is the slant optical thickness due to absorption. In 
this calculation, only O- and O, were considered as significant 
absorbers. For modelling purposes, the calculations assumed an 
effective rotational temperature of 230 K and used the solar flux 
data published by Nicolet’. 

Values for fiv’, 0; J', J") were derived from the work of 
Shemansky’ for the R2, Pa, Q: and Q, branches of each of the 
five VK bands [(v’, 0); v' = 0 > 4] included in this study by using 
the expression 


2 
TE. f(v', 0; J', J") = hevB%,. (8) 
me 


The effective optical thickness of the atmosphere due to O, 
absorption was calculated using the cross-section data of 
Hudson’ and the ozone profiles given by Nicolet’. The effects of 
QO, absorption in the Schumann—Runge bands and in the Herz- 
berg continuum were treated in detail. This involved calculating 
the effective absorption cross-section for each rotational line of 
the Vegard~Kaplan bands due to the rotational lines of the 14 
branches: Pis Pa, P3, *Ps1, "P13, Qiz PQ, Ozz ®Q,, R,, Ra 
Rs, "Ria, "Rai. In this computation, the absorption oscillator 
strengths and line widths given by Lewis ef al. were used. 
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Figure 1 shows a representative result for the (5, 0) Schumann- 
Runge band and the (2, 0) Vegard-Kaplan band. The specific 
g(v’,0;J', J") values were then calculated from these results 
using the solar flux data reviewed by Nicolet’. 

Figure 2a shows the production rate for the first five vibra- 
tional levels of A*Z; state due to solar optical pumping for a 
zenith angle of 0°. At 50 km, the effective NO production rate is 
~51 cm”? s~* assuming a 60% efficiency for reaction (2) (see ref. 
3). Based on current one-dimensional photochemical models, 
the nitrous oxide loss rate due to photodissociation and reac- 
tions with OCD) atoms would be approximately 79 cm™? s~! and 
8cm™*s”’, respectively, at 50 km. Thus, optical pumping of the 
N2(A°Z{) state by solar UV photons is a significant N,O source 
‘in the mesosphere. Figure 2b shows the net N.(A°Z“) and N-O 
production rates for several solar zenith angles. 

To explore the effects of this source, we carried out a globally 
averaged one-dimensional calculation in which the N,O photo- 
chemistry and transport were treated in detail. The model 
assumes that N.O molecules are lost by photodissociation and 
by reaction with O('D) and formed by process (4). The OCD) 
concentration was calculated on the basis of a local chemical 
equilibrium between its production from O; photolysis and loss 
by quenching collisions with N, and O,. The empirical method 
of Shimazaki et al.” was used to determine the absorption of 
solar UV in the Schumann—Runge bands. We assumed an N,O 
mixing ratio of 3x 10” at the lower boundary and a zero flux at 
the upper boundary at 100 km. Out of the two profiles of eddy 
diffusion coefficients recommended by Danielson’’, we used the 
kı profile because it gives a better performance in describing the 
available observations of N,O. Calculations were done for a 
solar zenith angle of 30° using the US Standard Atmosphere 
1976. Two cases were considered: (a) with and (b) without the 
process (4). Results are shown in Fig. 3, together with the 
observed values of N,O mixing ratios from Farmer et al.'4, 
Ebhait et al.’* and Schmeltekopf et al.'°. Because observations 
of N,O above 30km are of low precision they have been 
omitted. The fact that we reproduce the observed values of N.O 
mixing ratios verifies the soundness of our basic model and 
computational details. 

An important point from our analysis is that the new source of 
N20 is capable of sustaining significantly increased amounts of 
N20 in the upper stratosphere and mesosphere. Compared with 
the case ($), which ignores the process (4), N.O mixing ratios are 
increased by 10%, 39%, 102% and 192%, respectively, at 40, 
50, 60 and 70 km in the case (a). Nitrous oxide is a source of 
nitric oxide (NO) through the reaction: 


N,0+0('D)-»2NO (9) 


Accordingly, increased amounts of N-O in the upper stratos- 
phere (30-50 km) will lead to increased NO production in this 
region. In the present calculation, the height-integrated 
production rate of NO in the 30-50 km region increased by 
10% . The observed amounts of NO are less than the predictions 
of contemporary theories'’ which neglect process (4). Thus, the 
new source of NO (process (4)) magnifies the current dis- 
crepancy between the observed and predicted amounts of NO in 
the upper stratosphere. The key point, however, is that the 
introduction of this source should lead to a more realistic 
assessment of this discrepancy and to its satisfactory solution. 

Mesospheric NO has been attributed to either the downward 
transport of NO from the ionospheric E region or to the upward 
transport from the stratosphere, because there is no in situ 
source of nitric oxide in the mesosphere other than the indirect 
and weak production by reaction (9). Thus, depending on the 
transport parameters used, theoretical models had difficulties in 
accounting for the observed amounts of mesospheric NO (ref. 
18), such as those from Tisone’s’” experiments. It is, therefore, 
significant that the introduction of our new source leads to 
100-200% increases in the mesospheric production of NO by 
reaction (9). Possibly, this increase could alleviate the difficulties 
of accounting for the observed mesospheric NO. 

Finally, note that the magnitude of the N,O source due to 
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Fig. 4 The N (A E{) and NO production rate due to solar 
optical pumping the A°S< state 3,500 Myr ago in the Earth’s 
prebiological atmosphere. 


process (4) is modest in our present-day atmosphere because O, 
anc O; absorption below 35 km severely attenuates much of the 
solar flux that would otherwise optically pump the N,(A°*) 
state. However, in the Earth’s prebiological era (~3,500 Myr 
ago), the O, and O; content of the atmosphere was many orders 
of magnitude smaller so that copious N,O production occurred. 
Figure 4 shows the results of a simplified calculation illustrating 
the potential magnitude of this source using the prebiological 
model atmosphere 1 of Kastings and Walker”. 

During this period, the O('D) concentration was also very 
small so that reaction (9) was not a significant N,O sink; photo- 
dissociation and transport were the chief loss mechanisms. In the 
present-day stratosphere, only solar photons with wavelengths 
>1,750A figure prominently in N,O photodissociation and 
result in an effective Jo value ~10~° s"'. However, with the loss 
of the O,-O; screening effects in the prebiological atmosphere, 
more energetic solar photons could reach the upper stratosphere 
where they would, at first sight, accelerate the N,O photodis- 
sociation. But the absorption by N,O of most photons with 
wavelengths <A 1,560 A leaves the N, photofragment in the 
B*%, or A°Z} state which subsequently form N,O through 
reaction (4), so the effective N,O photodissociation loss rate at 
low altitudes is not enhanced much over present-day values. 
This suggests that the NO concentration at 30 km in the Earth’s 
prebiological atmosphere was of the order of 10° cm™* during a 
pericd well before bacterial action provided a surface source. 
Ultimately, as the oxygen content of the atmosphere increased, 
reaction (9) gradually began to provide an atmospheric source of 
fixed nitrogen (NO) which may have played an important part in 
the subsequent development of life. 
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As human activity advances northwards, its supporting systems, 
such as power transmission lines and oil/gas pipelines, extend 
across the auroral zone. As the auroral electrojet, a concen- 
trated ionospheric current along the auroral zone, induces a 
potential of up to 1 V km™ on the Earth’s surface, a significant 
amount of electric current can be induced in long conductors 
which are grounded at points separated by a long distance“ 
We show here that auroral activity can induce surges in the 
protective relay system of a power transmission line. 

We have previously reported that major fluctuations in a 
power transmission line (138 kV, 100 A) near Fairbanks are 
mostly induced by auroral activity. The Healy-Fairbanks power 
transmission line, which runs approximately in the north-south 
direction (~ 166 km), is terminated at an autotransformer at the 
Gold Hill substation which is located just outside the city of 
Fairbanks. Aurora-induced current fluctuations in the power 
line were monitored in terms of the autotransformer ‘neutral 
current’ by measuring the voltage developed across a 62.5 u0 
resistor inserted between the autotransformer neutral and 
substation ground. 
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Figure 1 shows both the ‘Earth current’ and the neutral 
current records which were obtained on 3 October 1981. The 
former was obtained by recording the voltage developed 
between two electrodes (separated by 100 m) which are located 
about 5 km from the autctransformer site. Most of the fluctua- 
tions in the Earth current were caused by the simultaneous 
auroral activity’. Comparing both records, the earth-current 
fluctuations are well reproduced in the neutral-current fluctua- 
tions, indicating that the latter were mostly induced by auroral 
activity. 

To examine possible damaging effects of the aurora-induced 
currents on the powerline system, however, we need to deter- 
mine whether such low-frequency (or quasi-d.c.) fluctuations 
affect the protective relay system and the autotransformer in the 
circuit. The autotransformer has an electrically isolated winding 
which provides a current to drive protective relays. This current 
is zero in a perfectly balanced three-phase power system and is 
non-zero if an imbalance (such as a short-circuit or other 
unbalanced load) occurs. An additional cause of increased relay 
current is an enhancement of certain current harmonics (third, 
ninth, fifteenth and so on). Half-cycle saturation of transformers 
caused by d.c. winding current produces such harmonics. 

Figure 1 shows the simultaneous record of the current in the 
protective relay system. The impulsive changes superimposed 
on continuous and random fluctuations of the neutral current 
are indicated by arrows. Those impulses were associated with 
significant low-frequency (or quasi-d.c.) excursions of the neu- 
tral current. Figure 2 shows another example of the simul- 
taneous recordings of the current in the protective relay circuit 
and the neutral current during a medium intensity geomagnetic 
storm of 19 December 1980. A series of surges can easily be 
identified in the relay current. We believe that these results are 
the first confirmation that auroral activity induces surges in the 
protective relay system of a power transmission line. 

D.c. transformer excitation causes a larger than normal 
amount of harmonic components to be generated in a trans- 
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Fig. 1 Simultaneous recordings of Earth current (Earth surface potential), neutral current and protective relay system current (directional relay 
polarizing current) in the autotransformer located at the Gold Hill substation near Fairbanks on 3 October 1981. Excursions of +4 A neutral 
currents represents +8 A d.c. flowing in the transmission line. AST = Alaska standard time. 
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Fig. 3 Transformer sound spectra during a disturbed period 
(3 April 1979) and a quiet period (8 May 1979). 


former" `", Sound spectra were experimentally determined for 
the autotransformer for periods of both weak and substantial 
auroral activity at different occasions. This was achieved by a 
spectrum analyser processing tape-recorded sound measure- 
ments. Transformer sound occurs in 60 Hz power systems 
because ferromagnetic materials change size slightly when 
magnetized. This change in size (magnetostriction) normally 
occurs during each half cycle of the 60 Hz fundamental 
frequency or 120 times s”'. As the magnetostriction process is 
nonlinear, all harmonics of 120 Hz are also present, contributing 
to transformer sound output. If d.c. excitation is present, 
however, the measured transformer sound spectrum contains 
the 60 Hz fundamental and all harmonics of 60 Hz. This occurs 
because magnetostriction is no longer symmetrical over suc- 
cessive half cycles of 60 Hz excitation. Figure 3 shows the sound 
spectrum for a disturbed period and a quiet period, respectively. 
Note that a large increase of all harmonics of 60 Hz would 
increase eddy currents in the transformer core and cause possi- 
bly destructive transformer overheating. 

This work was supported by the Department of Energy, 
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Increasing levels of acid sulphates in precipitation have recently 
been discovered in locations as far north as Barrow, Alaska and 
Bear Island (74° N and 19° E) in the Norwegian Sea'*. The 
high sulphur concentrations are attributed to mid- latitude 
Eurasian sources’. We present here acid concentrations (each 
representing several years of snow accumulation) in ice from 
part of a 337-m surface-to-bedrock core on northern Ellesmere 
Island (81° N, 73° W) representing the past 5,000 yr and 
compare these with significantly higher acid concentrations in 
snow deposited over the past 25 yr at the same location showing 
seasonal variations in the concentrations which together consti- 
tute a significant trend of increasing acid levels over the past 
25 yr. 

Thermal core samples (Fig. 1) were taken in 1977 with a 
thermal drill at 1,600 m altitude within 1 km of the top of the. 
Agassiz Ice Cap on northern Ellesmere Island, N.W.T., Canada 
(81° N 73° W). At this location melting occurs in most summers 
but affects only 3% of the surface annual layer. Samples from 
these cores were prepared and analysed in our Ottawa labora- 
tory. The ice was first cleaned thoroughly with warm distilled, 
deionized and filtered water (10 MQ). The sample was then 
allowed to melt partially; this melt was discarded. The final melt 
was collected for analysis and represented <50% of the original 
sample. The surface samples (Fig. 2) were collected in 1980 with 
a stainless-steel hand auger and split into two monthly incre- 
ments. They were then stored in Whirlpak plastic bags that were 
free from contaminants. The samples were handled with plastic 
gloves cleaned by ‘vigorous rinsing’ in clean snow at the site. As 
these samples were considered uncontaminated for our 
purposes no cleaning procedures were used. Both core and 
surface samples were allowed to stand covered to reach room 
temperature before pH and conductivity (o) measurements 
were taken on site. In addition to these samples 400 snow/firn 
samples were collected from a 10-m pit in 1977 at the same 
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Fig. 1 Electrolytic conductivity (ø, measured with a Radiometer 
CDM 3m) and acidity (pH, measured on an Orion Research 
Jonanalyser) 0-5,000 yr BP. Agassiz Ice Cap, Canada. A and B 
represent periods before and after major volcanic eruptions that 
laid down acid layers on the ice cap. O, x mean values for samples 
consisting of five or more years of accumulation. The time scale is 
based on an analysis of seasonal variations of particulates 
(measured in a Coulter Counter) and K {measured by graphite 
furnace AA) at 15 levels in the core, 


location. We also measured for Na, Mg, K and Mg using 
flameless atomic absorption and particulate concentrations. 

The reproducibility of the trend of increasing o with decreas- 
ing depth (Table 1) between two sets of samples collected quite 
differently is strong evidence of the absence of a sampling 
artefact in the results. However, the most serious ‘contaminant’ 
in our samples is CO, which appears as HCO; in our melted 
samples and increases the acidity. Water at 0°C (sample just 
melted) contains about twice as much CO, as at the 20°C at 
which we measured our samples. We did not ensure complete 
equilibration with ambient air and therefore some noise from a 
variable H CO, background may have affected our results. 
However, our samples were measured in random order and the 
trend we discuss later cannot have arisen in this way. 

Snow/firn density increases with depth. Therefore, in any one 
sample the sample-to-air ratio also increases with depth. This 
lessens the equilibration with air of an enclosed sample with firn 
depth which, because of lower CO, loss from the sample with 
depth, should increase the acidity in the same direction. Our 
trend is precisely the opposite and must therefore be reduced by 
any CO, effect. 

Our seasonal pH cycles agree well in shape and amplitude 
with the pH cycle in snow calculated from sulphate concen- 
tration in air over Mould Bay’ (76° N 120° W). The H* noise 
background due to HCO; is at most only about a sixth of the 
magnitude of our seasonal H* amplitude and a third of that of 
the total H* change over the past 27 yr and, as we have argued, 
does not contribute to it. While slightly <70% of the Holocene 


acid (Fig. 1, Table 1) is calculated to be due to CO,-associated 
H“ ion, the changes above this level, whether they are seasonal 
cycles or decadal trends, are not due to any variable CO, effect. 

The Holocene results are shown in Fig. 1 (some results from 
our investigation of volcanic layers in the ice are included for 
comparison). The main feature of Fig. 1 is that the present-day 
(AD 1954-80) acidity (pH = 5.23) and ø (311 pS m') show the 
snow is significantly more acid and conductive than snows from 
the preceding 5,000 yr. Only annual values at the peak of 
volcanic acid injections into the atmosphere (not shown in Fig. 
1) exceed the present-day 25-yr pH value. We measured the 
core samples at our Ottawa laboratory which is some 1,500 m 
lower in altitude than the field camp where the surface samples 
were measured. Because of different levels of CO, in the air, this 
makes our Holocene value more acid than the true value (more 
H.CO, in the sample melt). The 5,000 yr pH values for the 
Agassiz and Devon Island ice caps‘ and Crête, Greenland’ show 
a Holocene background value equivalent to ~1.0 pmol non- 
CO, associated H* ion kg™’. 

The seasonal variation in pH and conductivity over the 26-yr 
period which represents the ‘present-day’ mean is shown in Fig. 
2. The acid and/or conductive peaks are at the surface in May 
and may be termed a spring peak, although concentrations show 
an irregular, but overall gradual, increase over the winter. 
Concentrations of Na, Ca, K, Mg and insoluble particulates are 
also at maximum in the spring. The ions tend to peak about a 
month before the insoluble particulates. We do not consider that 
spring peaking of various elemental constitutents in the snow 
results from stratospheric injections due to tropopause folding 
mainly because the particulates increase by a factor of 10 
whereas the acid concentration increases by a factor of three. 
Yet stratospheric chemistry shows a non-volcanic SO,/AI ratio 
of 10:1 (ref. 8) (our pre-1963 values cover a volcanically quiet 
period). As most of the SO, ions are present as H.SO, (ref. 8), 
our spring peak should show a 100-fold and not a 3-fold (4-fold 
in ref. 5) enhancement of the non-CO, associated H` ion if we 
have a 10-fold enhancement of Al (particulates). Over the past 
26 yr (where our time scale is based on a knowledge of the 
surface accumulation rate and the seasonal pH and a variations) 
the pH has shown an overall decrease (Fig. 3 and Table 1) of 
0.007 yr™' (or 0.007 umol H* kg™' yr™’). The pH and o trends 
(3.69 pS m7! yr~') are compatible with the increase in conduc- 
tivity being due almost entirely to increasing levels of acid in the 
snow. If we project this trend backwards we find the acid began 
to increase from general Holocene values some time in the 
early 1930s. However, the overall trend may well not be a 
linear one. 

We examine four possible explanations for this trend. First, 
increasing turbulence in the atmosphere over the past 26 yr 
might give rise to a longer transport of the H* ion without there 
being any increasing production rate. Second, there may have 
been decreasing levels of neutralizing components in the 
atmosphere. Third, there could have been a change in the 
precipitation or nucleating processes at the cloud level. Finally, 
we may be seeing a genuine increase in the levels of acid in the 
atmosphere, generally, or just along a preferred trajectory from 
a particular source. 





Table 1 Particulate, acid, sodium concentrations and electrolytic conductivity of near surface snow and deep ice on Agassiz Ice Cap 





Component Concentration units 
Particulates d > 1.0um No. x 1071? 
Na p.p.b. 
Electrical conductivity uSm! 
Acid pH 


Holocene mean 


Recent mean 
pit, 1950-77 (a) 
core, 1954-80 (b) 


Recent trend per yr 
pit, 1950-77 (a) 
core, 1954~80 (b) 


18.2 18.3 (a) 0.6 (a) 
32* 25 (a) 0.47 (a) 
201 314 (a) 3.3 (a) 
311 (b) 3.7 (b) 
5.48 5,28 (a) = 
5.23 (b) -0.007 (b) 





* AJl associated with volcanic episodes. 
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Fig. 2 Seasonal variations of a, 

electrolytic conductivity (g), and 

b, acidity (pH) as measured on a 

10m core from Agassiz Ice Cap, 

Canada. The numbers refer to the 

spring in each year according to 
72 = 1972. 


From our pit results in 1977 we find significant trends of 
increasing concentrations of sodium and particulate matter in 
the snow (Table 1). At first sight this could be seen as evidence of 
increasing turbulence in the high Arctic over the same period. 
However, present-day particle concentrations (Table 1) are not 
significantly different to those over the past 5,000 yr. The same 
is true of our Devon Island core® and also of the Crête core in 
Greenland’. This indicates that there have been no major 
changes in turbulence at the ice cap site or in the high Arctic 
generally over the same period. The lack of change in particulate 
concentrations would also suggest that there has been little 
general change in the neutralizing capacity of aerosols over the 
high Arctic in the past 5,000 yr. 

Junge’ cautioned against considering that changes in concen- 
trations of elemental components in ice cores represent or are 
the effect of similar changes in aerosol composition and concen- 
tration. He believes changes in the moisture content of pre- 
cipitating clouds (c) and/or the mass fraction of aerosols used 
for condensation (£m) would cause changes in the concentration 
of the same aerosols when incorporated in the snow. However, 
we do not find a significant correlation between the changing 
acid concentrations and &**O in the snow. The 5"%O value is 
largely determined by the temperature of condensation at the 
cloud level’? and temperature at this level is probably the main 
determinant of c and possibly €m- 

We are, therefore, left with the most likely explanation that 
increasing acid levels in the snow are due to similarly increasing 
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ice(m) 


acid levels in the atmosphere over the ice cap and that this 
mutual increase is somehow allied to augmented acid produc- 
tion at its source. The source(s) could be natural (volcanic) or 
anthropogenic (industrial pollutants). There have not been 
steadily-increasing levels of volcanic sulphur injections into the 
atmosphere over the past two decades!!! which does not favour 
a volcanic acid origin. Stratospheric SO, concentrations 
measured in quiet, that is non-volcanic, periods have been 
increasing by 9% yr’ over the past 20 yr (refs 11, 12). The 


increase has been assigned an anthropogenic origin Y. 
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Fig. 3 Annual values (measured from spring to spring) of acidity 
(pH, dashed line) and electrolytic conductivity (ø, solid line) froma 
10-m core on Agassiz Ice Cap, Canada. 
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However, because we do not detect the eruption of the volcano 
Gonung Agung in 1963 in our work (Fig. 2), we must be 
measuring a tropospheric acid input to the northern Ellesmere 
ice cap rather than a stratospheric one (which agrees with our 
earlier comments on the spring maximum of dust, acid and other 
ions). In the same tropospheric context high levels of industrial 
sulphates have already been shown for Barrow, Alaska'** Bear 
Island? in the Norwegian Sea and Mould Bay in Arctic Canada’. 
Increases in sulphates have also been declared for Greenland 
over the past 20 or 30 yr (refsi3, 14) and for post-1970 snows 
compared with pre-1900 snow’*. However, in recent work there 
is no evidence for a trend of increasing acid levels in the snow at 
Créte, Greenland’. Similarly, detailed electrolytic conductivity 
measurements made at the top of the Devon Island ice cap 
(1,800 m a.s.].) and spanning more than 30 yr show no conduc- 
tivity trend between 1942 and 1972. The lack of increasing 
conductivity in recent snows on the Devon Island Ice Cap, 
although the present-day value there is significantly higher than 
the Holocene one, may be due to the fact that the Devon Island 
Ice Cap has a very strong input of marine aerosols’ which 
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presents a strong noise background that is swamping the acid 
trend. However, we cannot ignore the possibility that the pro- 
posed acid trajectory across the Arctic Ocean from Eurasian 
sources'*"* excludes those high Arctic areas distant from the 
Arctic Ocean thereby favouring northern Ellesmere rather than 
Devon Island or Créte, Greenland. We should mention that 
preliminary results from a hand-cored profile at 82° N 77° W 
also on northern Ellesmere but closer to the Arctic Ocean than 
the Agassiz Ice Cap show an identical trend to the latter’s of 
increasing acidity over the past 28 yr. 

The full implications of increasing acid precipitation in the 
High Arctic are beyond the scope of this paper. However, the 
most acid snow is at the snow surface when melt begins in May or 
June in the high Arctic. Unless this melt refreezes at the base of 
the snowpack, the first runoff in spring will be the most acid. 
Acid levels in high Arctic snow, and their effects, should there- 
fore be monitored on a routine basis as in certain areas, for 
example where lake fish form a source of Inuit income, there 
could be social implications. 
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Molluscan biostratigraphy of the 
Koobi Fora hominid-bearing deposits 
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Since the discovery’ of late Cenozoic hominid-bearing deposits 
in the Koobi Fora area, north Kenya, a variety of studies” have 
been undertaken to provide a chronostratigraphical and 
palaeoenvironmental context for the important palaeoanth- 
ropological and early archaeological discoveries'”*. 
Unfortunately, although the exposures are areally extensive 
(>1,000 km’), they are broken up into subareas (Fig. 2); these 
local sections are often difficult to correlate with one another 
due to intervening bush cover and faulting. Here I summarize a 
molluscan biostratigraphical analysis which demonstrates 
serious stratigraphical miscorrelations between certain local 
sections, including some previously indicated by vertebrate 
evidence. These miscorrelations require substantial revisions to 
current stratigraphical interpretation of the Koobi Fora 
deposits. In particular, both the Suregei and Tulu Bor tuff 
horizons actually represent different levels. Although the Tulu 
Bor is considered to overlie the Suregei, some exposures cur- 
rently attributed to the Tulu Bor are actually older than some 
units previously mapped as the Suregei. Fortunately, the stra- 
tigraphical miscorrelations reported here do not significantly 
affect the relative placement of the mollusc faunas reported in a 
previous evolutionary analysis’*; superpositional relationships 
in the areas from which these faunas were collected (mainly 
collecting areas 102, 103, 110, 123, 202 and 203) are unaffected 
by the miscorrelations reported here. 

Lithostratigraphical correlations in the Koobi Fora area have 
been based on certain tuffaceous horizons which regularly 
punctuate the late Cenozoic sequence. These tuffs are generally 
secondarily waterlain®®; their bases have been considered 
laterally extensive, mappable and essentially isochronous’*'?. 
The supposed recognition of these tuffs in geographically- 
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Fig. 1 Stratigraphical relationships of late Cenozoic deposits of the Koobi 
Fora region. A, Currently accepted stratigraphical framework (after ref. 7). 
B, Generalized revisions suggested by this report. Note that several tuffs 
previously allocated to the Suregei and Tulu Bor Tuffs actually represent 
horizons of widely differing age. These various horizons are designated by 
the informal terms ‘Tulu Bor ‘1’, ‘Tulu Bor ‘2°’, and so on. This 
terminology, adopted here solely to indicate which horizons were previously 
considered lateral correlates, has no formal status whatsoever. The different 
Tuff horizons previously allocated to the Suregei and Tulu Bor Tuff levels are 
also distinguished by the ‘area/succession’ scheme suggested by Harris and 
White’; a given tuff exposure is designated by the collecting area in which it 
occurs, and by its stratigraphical position with respect to other tuffs within 
the local section of that collecting area. Thus, the designation 102/T! 
indicates the earliest (lowest) tuff in the local stratigraphical sequence in 
collecting area 102. Total thickness of the Kubi Algi, Koobi Fora and 
Guomde Formations is considered to be ~350 m (ref. 7). 


separated local sections has formed the basis of a regional 
chronostratigraphical scheme“ (Fig. 1a); this scheme has pro- 
vided a framework for palaeontological discoveries and 
palaeoenvironmental interpretations. The validity of this 
framework, and of all interpretations based on it, relies entirely 
on the correct recognition and correlation of the various tuffs in 
widely separated local sections. But these tuffs are laterally 
variable in field aspect, and proposed correlations between local 
sections are therefore often questionable. In addition, verte- 


brate studies have suggested miscorrelations between certain 
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The profound evolutionary changes recorded in the mollusc 
faunas of the Koobi Fora area’ permit the recognition of | 
several events which are time-significant for the basin, Putative KOB 
correlations between exposures of marker tuffs in various areas . 
were therefore tested using these faunas. Molluscan biostra- T 
tigraphical type sections were designated in the same general 
areas as the lithostratigraphical type sections for the three late 
Cenozoic formations of the area, and on the basis of the evolu- 
tionary events recorded in 40 mollusc faunas from these type 
sections, 10 concurrent range zones were defined (Fig. 3); 112 
faunas collected in other areas, away from the type sections, 
were then allocated to the appropriate biozone. When these 
latter faunas occur close to local exposures of the various marker 5 
tuffs, the position of these tuff exposures relative to the mollus- 
can type section can be more or less accurately determined. H 

Although the biostratigraphical type sections for each of the 
three late Cenozoic formations in the area are continuous local 
sections, these sections are, like the lithostratigraphical type 
sections, geographically separated (Fig. 2). However, the 
superpositional relationships of these sections are unam- 
biguous'®. Together, these three sections exhibit 9 of the 10 
proposed molluscan biozones (zones 2-10). Zone 1 is not 
certainly developed in the lithostratigraphic type section of the 
area; the type section for this zone is the Karsa Waterhole 
sequence’’, which appears either immediately to predate the 
Kubi Algi Formation, or to correspond to some level in the 
lower half of this unit (I.C. Findlater, personal communication) 

(no mollusc faunas are known from the lower half of the type 
section of the Kubi Algi). 





UOY 





Fig. 3 Range zones of freshwater molluscs from the Plio-Pleistocene 
deposits of the Koobi Fora area. Zone 1 faunas are characterized by the 
presence of two distinctive forms of Pseudebovaria and by the absence of 
Corbicula. Zone 2 faunas consist of widely distributed and generally still 
extent taxa, but are taxonomically restricted and dwarfed, reflecting the 
period of high alkalinity consequent on the marked regressive phase at and 
above the Hasuma Tuff level’. Zone 3 faunas document contemporaneous 
speciation events in all lineages in the basin during a continuation of this 
regressive phase, and presumed geographical isolation of faunas”. Zone 4 
fauaas document the elimination of the zone 3 endemics as typical ancestral 
stocks return to the basin, coincident with a major transgressive phase. 
Zones 5-8 document a progressive intrabasinal radiation of several of these 
stocks and the accumulation of certain ‘exotic’ taxa in the Lower Member of 
the Koobi Fora Formation. Zone 9 documents a major reduction in faunal 
diversity; all the endemies and exotics of zones 5-8 were extirpated by the 
\ rise in alkalinity’ in the uppermost Lower Member consequent on a 
climatically induced** regression®**. The zone 10 faunas from the Guomde 
\ Formation document a second series of contemporaneous speciation events 
\ in the various lineages present in the basin, again coincident with major 
} regression and presumed geographical isolation. Widths of zones as drawn 
/ 
/ 





do not reflect their relative stratigraphical thicknesses. Heavy arrows to side 
of diagram reflect the placement of certain tuff horizons with respect to the 


A / moliuscan biozones, in the biostratigraphical type section. H, Hasuma Tuff: 
LNA S, Suregei Tuff; T, Tulu Bor Tuff; K, KBS Tuff; KO, Koobi Fora Tuf, 


The evolutionary events previously documented’? in the 
mollusc faunas of the Koobi Fora region actually form the basis 
for the differentiation of zones 2-10 inclusive, The faunas here 


oon are VP ) 


attributed to zone 1 have not been reported previously; they are 

vo) / characterized by the presence of two distinctive species of 

/ Pseudobovaria and by the absence of the now extremely wide- 

H spread and eurytopic genus Corbicula. One or other of these 

i forms of Pseudobovaria have been previously recognized by 

ed Vandamme from either the Kanapoi deposits to the south of the 

SD RA Fá Turkana Basin, or from the lower parts of the Omo Valley 

> D- sequence to the north’®. Both forms of Pseudobovaria 

aa AG 7 apparently became extinct during the high alkalinity phase 
Pa f oe documented by the stunted zone 2 faunas; Corbicula appears to 


have been a rather recent Eurasian immigrant into Africa”. 
#*K Zone 1 faunas are also now known from the Warata Forma- 
tion”, north-east of the Koobi Fora area. 

The stratigraphical positions of various marker tuff horizons 


Fig. 2 Principal palaeontological collecting areas designated in the Koobi 

Fora area, north Kenya. Molluscan biostratigraphical type section for the 

Kubi Algi Formation is in area 203, that for the Koobi Fora Formation in 

area 102, and that for the Guomde Formation in area 3. These type sections 

encompass molluscan biozones 2-10; the type section for zone 1 is the Karsa 

Waterhole sequence’? (‘K’), to the south of the basin margin (indicated by 
heavy broken line). 





relative to the biostratigraphical type section can be determined 
when the mollusc faunas bracketing them are allocated to the 
proposed biozones. Clearly, the precision with which a tuff 
horizon in a given local section can be related to the bio- 
stratigraphical type section will be determined by how closely it 
is bracketed by zonally attributable mollusc faunas. The relative 
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Fig. 4 Positions of various exposures of the major marker tuffs, and of 
Guomde age sediments, with respect to the various molluscan biozones. 
Possible range of positions of the tuffs within the zonal scheme indicated by 
heavy vertical bars. Most probably positions of the various tuffs, suggested 
by superpositional data and by propinquity to zone boundaries, indicated by 
horizontal arrows. Upward and downward facing arrows indicate the 
uppermost and lowermost possible positions, respectively, of poorly 
bracketed tuffs. Note that horizons attributed to both the Tulu Bor and 
Suregei levels fall into a wide range of biozones, suggesting the stratigraphi- 
cal revisions indicated in Fig. 1b. Notations after tuff names indicate the 
geographical and stratigraphical positions of the various tuff horizons 
according to the scheme suggested by Harris and White’*; a given tuff 
exposure is designated by the collecting area in which it occurs, and by its 
stratigraphical position with respect to other tuffs within the local section of 
that collecting area. Thus, the designation 102/TI indicates the earliest tuff 
in the local stratigraphic sequence in collecting area 102. Allocation of the 
horizon attributed to the Suregei Tuff in areas 15 and 129 to zone 1 
assumes the apparently firm short-distance lithostratigraphical correlation 
between these areas to be correct (this horizon is immediately underlain by 
zone 1 faunas in area 15, and immediately overlain by zone 1 faunas in area 
129}. 


positions of several important exposures of marker tuffs, 
determined as accurately as possible by this method, are 
indicated in Fig. 4. Several serious miscorrelations of tuffs have 
occurred. In particular, various horizons allocated to the 
important Suregei and Tulu Bor Tuffs fall, in both cases, into 
different biozones; both stratigraphical terms therefore 
encompass several horizons of differing age. (Studies on fossil 
suids from these deposits have previously suggested that certain 
exposures assigned to the Tulu Bor Tuff in fact pre-date the 
Suregei Tuff horizon of the type section of the Koobi Fora and 
Kubi Algi Formations'*"*. A generalized and tentative revised 
stratigraphy suggested by this analysis is indicated in Fig. 1b. 
Only tuffs whose relative positions with respect to the bio- 
stratigraphical type section are unambivalent are indicated; the 
remaining, less securely bracketed tuffs shown in Fig. 4 may or 
may not be lateral correlates of those shown in Fig. 1b. In 
addition, due to the absence of faunal evidence from the Alia 
Tuff, its stratigraphical position with respect to the ‘Tulu Bor 3’ 
and ‘Suregei 2’ horizons (see Fig. 1) is unclear. 

The present study has three immediate implications: 

(1) The Plio—Pleistocene deposits of the Koobi Fora area 
were originally divided by Bowen and Vondra?’ into two main 
stratigraphical units, the Kubi Algi and overlying Koobi Fora 
Formations and the boundary between them was formally 
defined as the base of the Suregei Tuff’’. The type locality of the 
Suregei Tuff lies close to the Suregei escarpment (from which it 
is named) in area 15 (refs 13, 14) (see Fig. 2). Unfortunately, as 
demonstrated above (Fig. 4), this tuff exposure is substantially 
older than its supposed correlate horizon in areas 102, 202 and 


KBS Tuff 102/TVI,; 123 (projected level) 


203 (Koobi Fora-Alia Bay area). But this latter horizon lies 
within the formal type sections of both the Kubi Algi and Koobi 
Fora Formations! Clearly, the terms ‘Kubi Algi Formation’, 
‘Koobi Fora Formation’ and ‘Suregei Tuff’ must be either 
redefined or abandoned. 

(2) In terms of the currently accepted stratigraphical scheme, 
large areas of exposure in areas 117, 129 and 15, previously 
allocated to the Koobi Fora Formation, are considerably older 
than the lithostratigraphical type section of this unit, and 
apparently correspond in age to some part of the type section of 
the Kubi Algi (see also refs 13, 14). 

(3) Hitherto, the apparent restriction of Kubi Algi age sedi- 
mentation to the southern part of the Koobi Fora region (Alia 
Bay area) implied a generally regressive regime in the earlier 
Plio—-Pleistocene’, succeeded by a major transgression at the 
(apparently) areally extensive Suregei Tuff level’. In contrast, 
the Mursi, Usno and Lower Shungura Formations in the neigh- 
bouring Omo area document intermittently widespread lacus- 
trine conditions throughout this period’***. However, recog- 
nition that Kubi Algi age sedimentation occurs throughout the 
Koobi Fora area, and that the ‘Suregei Tuff’ level consists of at 
least two separate horizons and does not represent one extensive 
depositional event during a single major transgression, implies a 
similar picture of intermittent lacustrine conditions in the earlier 
Plio—Pleistocene throughout the Koobi Fora region. These 
observations bring the depositional histories of these two 
regions into greater congruence, suggesting that widespread 
lacustrine conditions pertained intermittently throughout the 
Turkana Basin in the earlier part of the Plio—Pleistocene 
depositional cycle. 

This project was funded at the University of Bristol by the 
FROM Foundation, New York. I thank R. J. G. Savage, A. P. 
Gotto, R. E. F. Leakey, J. M. Harris, G. LI. Isaac, D. 
Vandamme, and ali members of the Koobi Fora Research 
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The basal lamina that runs between the presynaptic and post- 
synaptic membranes at the neuromuscular junction has dis- 
tinctive functional properties’ amd differs in molecular 
composition from the extrasynaptic basal lamina to which it is 
attached**. In regenerating muscle, synaptic basal lamina can 
direct the accumulation both of neuronal transmitter vesicles at 
specific sites near the presynaptic nerve terminal membrane and 
of acetylcholine receptors (AChRs) in the postsynaptic muscle 
membrane’, Four components that are concentrated in 
synaptic basal lamina, but are not detectable in extrasynaptic 
basal lamina, have been recognized. The first is a particular form 
of acetylcholinesterase (AChE), the A,, or 168 species, which is 
concentrated at the synapse in rats” and mice’; its distinctive 
feature is thought to be a long collagen-like tail’ that attaches it 
to the basal lamina’. Three other components of the synaptic 
basal lamina have been distinguished immunocytochemically 
using antisera raised against basement membrane extracts or 
collagen-rich preparations‘. Although it has been previously 
reported that aneural muscle cell cultures may make the 16S 
form of AChE™”, the role of the nerve in the synthesis and 
organization of the synaptic basal lamina is unknown. We report 
here that cells of a mouse muscle line, in the absence of nerves, 
have surface accumulations of each of the four synaptic basal 
lamina components described above: the 16S AChE, and cross- 
reactive antigens recognized by each of the synapse-specific 
antisera. 

Cells of the C, line, derived from regenerating skeletal muscle 
of adult C3H mice’, proliferate as myoblasts in high serum 
medium (Dulbecco’s minimal essential (DME) medium 
containing 0.5% chick embryo extract and 20% fetal calf serum) 
and fuse into myotubes in low serum medium (DME with 10% 
horse serum). Within 3 days after the medium is changed, the 
cultures contain numerous long, cylindrical, multi-nucleated 
myotubes that contract spontaneously. The synapse-specific 
basal lamina antigens were detected using three sera described 
by Sanes and Hall*: we refer to the serum produced against 
solubilized anterior lens capsule as ‘junctional-specific I’ (JS-I); 
to the serum raised against muscle basement membrane 
collagen, and subsequently adsorbed with extrasynaptic muscle 
basement membrane so as to reveal synapse-specific antigens, as 
JS-II; and to the serum produced against lens capsule collagen 
and similarly adsorbed, as JS-III. Some experiments were also 
performed with the unadsorbed sera, which stain both synaptic 
and extrasynaptic basal lamina. Immunofluorescence obser- 
vations were made as described by Sanes and Hall*. Methods for 
detection of AChE are described in detail elsewhere*'*"">. 

C, myotubes, cultured without nerve cells, synthesized the 
synapse-specific A,, form of AChE. After 5 days in fusion 
medium, ~30% of the total AChE activity sedimented at 16S 
(Fig. 1a). Histochemical examination of these fibres showed a 
patchy distribution of enzyme activity on the myotube surface 
(Fig. 1b). Such focal accumulations of AChE have been obser- 
ved by others in primary myotube cultures from rat or chick 
embryonic myoblasts only in the presence of nerves'?'*'*. 
Focal accumulations of AChE in such nerve—muscle co-cultures 
appeared at the same time as the A,- form of the enzyme’*"*. 
We have demonstrated, and report in detail elsewhere, that the 


* Permanent address: Laboratory of Neurophysiology, Department of Cell Biology, Catholic 
University of Chile, Santiago, Chile. 
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Fig. 1 Molecular forms and focal accumulations of AChE in C, 
myotube cultures. C, myotubes were grown for 5 days in fusion 
medium on a tissue culture plastic substrate and then examined for 
esterase activity. a, AChE was extracted from myotubes in a high 
ionic strength (1 M NaCl) buffer containing 0.5% Triton X-100, 
20mM EDTA and protease inhibitors”, and analysed by zone 
sedimentation on a sucrose gradient’. Enzyme activity was 
measured by the Ellman procedure’*. The arrows indicate the 
position of (left) B-galactosidase (16S) and (right) alkaline phos- 
phatase (6.1S). b, Esterase activity was localized in situ using the 
histochemical method of Karnovsky and Roots'* following fixation 
with 1% paraformaldehyde and 0.8% glutaraldehyde in 0.13 M 
sucrose buffered with 90 mM sodium phosphate, pH 7.4 (ref. 17). 
x335. 


patches of AChE observed in aneural C, cultures correspond to 
the A,- form of enzyme and are apparently associated with the 
extracellular matrix*’’. 

To visualize the extracellular matrix produced by C, myo- 
tubes, we used antisera that bind uniformly to synaptic and 
extrasynaptic basal lamina in rat muscle* and mouse muscle 
(L.S. and Z.W.H., unpublished) (see Fig. 2a). The matrix 
formed a network of fibrils that stretched from cell to cell 
connecting the unfused myoblasts and myotubes, while an 
uneven pattern of staining outlined each myotube. Antibodies 
bound at low density over large areas of the myotube surface; 
more intense staining was seen in small patches and in long, thin 
arcs. None of these patterns was observed in control cultures 
that had been incubated with non-immune serum. These results 
show that the C, cells produce an extensive extracellular matrix. 

We observed a more restricted distribution of immunofluores- 
cence following incubation of the cultures with the synapse- 
specific antisera. In most cases, the antigens appeared as 
either arcs (Fig. 2c) or patches (Fig. 26,d) on the myotube 
surface. Myotubes stained with the JS-III serum often displayed 
areas of fluorescent speckles (see Fig. 2d), a pattern not seen 
with the other synapse-specific antisera. Adsorption of each 
of the synapse-specific sera with C, myotubes abolished the 
staining of endplates in frozen sections of mouse muscle. Thus, 
the antibodies bound by C, myotubes are those recognized by 
the adult muscle synaptic basal lamina. 

The arcs and small patches resembled the distribution of 
clusters of AChRs seen in separate experiments. Simultaneous 
labelling of the receptors with rhodamine-conjugated a- 
bungarotoxin and of the antigens with fluorescein-conjugated 
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antibody demonstrated that in many cases the antigens were 
restricted to areas of the myotube surface containing high 
concentrations of AChRs. As shown in Fig. 3, the coincidence of 
the two was often striking. The greatest coincidence of antigens 
with AChR clusters was observed with the JS-I serum. In 
cultures examined 3 days after fusion, 30-45% of all receptor 
clusters coincided with patches of JS-I antigen(s). Similarly, the 
JS-II antigen(s) sometimes appeared in patches whose dis- 
tribution was identical to that of AChR clusters. In both cases, 
however, antigen patches unrelated to receptor clusters were 
also present. Co-localization of the JS-III antigen(s) with AChR 
clusters has thus far not been observed in C, myotube cultures. 
Because at least one synaptic basal lamina component, JS-I, 
seems to be unrelated to receptor clusters whereas the other two 
sometimes are, the distributions of each of the synaptic basal 
lamina antigens cannot be completely coincident. 

The presence of synaptic basal lamina components in aneural 
C, myotube cultures can perhaps be understood in the context of 
myoblast maturation. Several studies suggest that the myoblast’s 
potential for gene expression changes through a maturation 
sequence that is dependent on innervation. For example, 
Koenig and Vigny’* observed that myotubes in primary rat 
muscle cultures could make 16S AChE in the absence of nerves 
only if derived from embryonic muscles that had already been 
innervated; myotubes formed by cells from uninnervated 
muscles could make 16S AChE only if co-cultured with nerves. 
Similarly, in chick muscle, both the ability of myoblasts to fuse in 
vitro and the morphology of myotubes seem to be regulated by 





Fig.2 Fluorescent antibody localization of extracellular matrix in 
C, myotube cultures. Cells were plated on tissue culture plastic and 
grown for 5 days in fusion medium, then incubated with rabbit 
antisera directed against the muscle basal lamina‘ at 1/100 dilution 
in low serum medium (1 h, 37°C), followed by fluorescein iso- 
thiocyanate-conjugated goat anti-rabbit serum (Cappel) at 1/100 
dilution in medium (1 h, 37 °C), washed with 0.15 M NaCl, 20 mM 
sodium phosphate, pH 7.2 (PBS) in 1 mM CaCl, mounted under 
10% Gelvatol 20/30 (Monsanto), 20% glycerol in PBS, and 
examined with a Leitz Ortholux II microscope equipped with L2 
(excitation bandpass (BP) 450-490, barrier BP 525/20) and N2 
(excitation BP 530-560, barrier BP 580) filters. Reaction with: a, 
anti-muscle basement membrane collagen’ (similar results were 
observed after incubation with anti-lens capsule collagen, data not 
shown); 6, JS-I; c, JS-II; d, JS-I. x236. 
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Fig. 3 Simultaneous localization of AChR clusters and basal 
lamina antigens in C} myotube cultures. Cells were plated on 
plastic coverslips, grown for 5 days in fusion medium and incubated 
with fluorescent reagents as before. Left, localization of JS-I 
antigen(s) by labelling with fluorescein-conjugated goat anti-rabbit 
serum as before. Right, AChR cluster in the same field observed 
after incubation with 50 nM rhodamine-conjugated a-bungaro- 
toxin. Receptor clusters in control cultures, incubated with non- 
immune serum and photographed and printed in identical condi- 
tions, could be seen with rhodamine, but not fluorescein, filters. No 
receptor clusters were seen in cultures preincubated with 
unlabelled a-bungarotoxin (1 uM), followed by rhodamine-con- 
jugated a-bungarotoxin. x 1,564. 


neural contact within the limb bud*”*’. The ability of C} myo- 
tubes to express 16S AChE, as well as other synapse-specific 
components of the basal lamina, is consistent with this scheme, 
as the cell line is derived from adult muscle; that is, the C, cell 
line may represent an advanced stage of myoblast differentiation 
that results from in vivo exposure to neuronal influences before 
isolation of the myoblasts. 

In this context, the presence of synapse-specific basal lamina 
components in aneural C, muscle cultures does not imply that 
nerves are without influence on the normal appearance or 
localization of synaptic basal lamina components. We have 
shown previously that nerves can induce the appearance of 
synapse-specific basal lamina at sites of new endplate formation 
in adult muscle~®. It will be of interest to investigate the role of 
nerves in the organization and production of synaptic basal 
lamina in myoblast cultures of different developmental ages. 
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It is generally accepted that hypothalamic factors are released 
from the median eminence into the hypophysial portal vessels 
and exert a powerful control on the secretion of anterior pitui- 
tary hormones’. The brain sites involved in the synthesis of 
hypothalamic factors—particularly those that control ACTH 
secretion ™—are, however, not yet established. It is also not 
known whether these sites are targets for pituitary hormone 
action, although recent anatomical‘ and physiological studies** 
suggest that pituitary hormones may reach the brain. For these 
reasons, we co-cultured’” various hypothalamic explants from 
rat brain for 4 weeks with anterior pituitary. We report that 
during the third and fourth week in vitro, there is an approxi- 
mately 10-fold increase in bioactive ACTH?” in the medium 
of co-cultures prepared from the paraventricular nucleus and 
anterior pituitary, and that this increase is highly correlated with 
an increase (up to 10-fold) in concentrations of immuno- 
reactive‘ arginine vasopressin (AVP). Hormone levels did 
not increase when basal hypothalamus was co-cultured with 
anterior pituitary, paraventricular nucleus with posterior 
pituitary, or supraoptic nucleus with anterior pituitary. Thus, we 
propose a specific interaction between anterior pituitary and 
paraventricular nucleus that results in a mutual enhancement 
ofeach other’s peptide production. 

The hypothalamus of Sprague-Dawley rats aged 6 to 7 days of 
either sex was cut within the frontal plane into slices about 
400 um thick, starting at the level of the optic chiasm (slice 1) 
and ending at the level of the posterior median eminence (slice 
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Fig. 1 Bioactive ACTH content (mean +s.e.m.) of tissue (open 
bars) and medium (solid bars) from five to six hypothalamo- 
anterior pituitary cultures (AP, anterior pituitary; PV, paraven- 
tricular nucleus; BH, basal hypothalamus), AP+PV denotes a 
co-culture of the two explants in close apposition, as shown by the 
example of a AP+SO co-culture in Fig. 4a. In contradistinction, 
AP/PV signifies that the two explants were cultured on separate 
opposing coverslips within the same culture tube. The explants 
were embedded in a plasma clot and cultured in Falcon roller tubes. 
The medium (volume 1 ml) contained 25% horse serum, 25% 
Hanks’ balanced salt solution, 50% basal medium (Eagle) and 
6.5 mg ml’ glucose”. The medium was replaced every week; 
hormone levels of the fourth week medium only are shown above. 
The tissue was homogenized in 700 wl of 0.2 M acetic acid and 
centrifuged at 15,000 r.p.m. and 4 °C for 15 min. The supernatant 
and the pellet, resuspended in 0,5 ml of 0.2 M NaOH, were frozen 
at -20°C pending assays of hormones and proteins. Bioactive 
ACTH content of the tissues and media was measured by adding 5 
or 10 pul of the 700 wl supernatant and 100 pl of the AP culture 
medium, respectively, to a 1 mi suspension of adrenocortical cells 
and by measuring the corticosterone secretion” ?, Note log display 
in this and all other figures. 


4). The paraventricular (PV) and supraoptic (SO) nuclei were 
punched out with a needle of 0.75-mm diameter by the Palkovits 
method’’ from slice number 1, and the basal hypothalamus 
(BE) from slice number 3 and 4. The tissues were cultured as 
explants’* either alone or side by side with one half of an 
anterior pituitary (AP). Three half APs (three for technical 
reasons) were cultured alone as a control. The medium was 
collected and replaced every 7 days. After 28 days, the cultures 
were inspected by phase-contrast microscopy, and only those 
paraventricular and supraoptic explant combinations that dis- 
played large size neurones were processed. The tissues were 
extracted in 0.1 M HCL, and the supernatants and pellets were 
stored at —20 °C pending hormone? and protein’* assays. 

When PV was co-cultured with AP for 28 days, the ACTH 
content of the medium (Fig. 1, solid bars, AP + PV) was 30 to 50 
times larger than that of APs cultured alone or together with BH 
(P <0.025). This large amount of medium ACTH was not due to 
a loss of ACTH from the tissue, since the tissue ACTH content 
(Fig. 1, open bars, AP + PV) was at least twice (P < 0.05) that 
found in any other type of cultures (AP alone, AP + BH). To test 
whether direct contact between the explants is necessary (see 
Fig. 4a), PV and AP were also cultured on separate opposing 
coverslips within the same tube. The ACTH content of the 
medium (Fig. 1, PV/AP) was at least 10 times larger than that of 
AP cultured alone, demonstrating that a factor released into the 
medium probably is responsible for the large increase in ACTH 
secretion induced by co-cultured paraventricular tissue. 

The AVP contents of tissue (Fig. 2, open bars) and medium 
(dark columns) were about six times larger in PV-AP co- 
cultures than in PV cultures (P <0.05). A trend towards ele- 
vated AVP levels was also observed when PV and AP were 
cultured on separate coverslips (AP/PV). Plotting the medium 
AVP and ACTH as a function of time in culture (Fig. 3) revealed 
aremarkable coincidence between the changes of both hormone 
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Fig. 2 Immunoreactive arginine vasopressin (AVP) content 
(mean +s.e.m.) of tissue (open bars) and medium (solid bars) of the 
cultures shown in Fig. 1. For abbreviations, see Fig. 1 legend. The 
AVP content of the tissue was measured without extraction and the 
AVP content of the medium following vycor extraction by a 
specific radioimmunoassay'*"'*. AVP in the samples dilutes 
according to standard curve. The AVP tracer was from NEN, the 
AVP standard (500 IU mg‘) is a gift of Drs K. Lederis and R. 
Mathison. The anti-vasopressin antibody, a gift of Dr J. Durr, does 
not cross-react with oxytocin, DD-AVP, ACTH, a-MSH, £- 
endorphin or with the enkephalins. The antibody was used at a 
dilution of 1: 200,000. Recoveries were controlled in assay buffer 
and culture medium and varied from 58% to 70% between assays 
and +3.5% within assays. Sensitivity was 0.25 pg per tube, about 
0.4 pg per ml medium and 10 pg per culture. AVP was not detect- 
able in AP +BH or BH alone. In AP/PV cultures where the two 
explants could be extracted separately, only the PV extract 
contained AVP. Separate experiments (not shown) indicate that 
co-cultures of PV with either posterior pituitary, hippocampus or 
cerebellar explants have AVP levels similar to those of PV alone. 


levels which is also illustrated by a strong correlation between 
log(ACTH) and log(AVP) (=0.91+ 0.04). 

In view of the possible role of AVP as a corticotropin releasing 
factor (CRF) in vivo and in vitro'®'*"'°, we investigated whether 
the presence of vasopressin or vasopressinergic cells was 
sufficient to stimulate ACTH release from the anterior pituitary. 
We therefore added 100 pg of synthetic AVP (Ferring) once 
every week to anterior pituitaries. Medium ACTH levels were 
about 30% higher than controls (P<0.05) and AVP levels 
ranged from 2-20 pg mi~’, demonstrating that, although this 
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Fig. 3 Bioactive ACTH and immunoreactive AVP content of 
medium obtained from five individual AP-PV co-cultures as 
function of time in vitro. Tissues are the same as shown in Figs 1 and 
2. Each symbol stands for one and the same co-culture. In PV 
cultures, AVP started to increase in half the cultures during the 
fourth week in vitro, whereas in AP cultures, ACTH gradually 
decreased from initial levels similar to those observed in AP + PV 
co-cultures. 


increase in ACTH by AVP was far below that induced by 
co-cultured PV, very low amounts of AVP can exert significant 
CRF activity in this culture system. In another set of experi- 
ments, we determined whether other vasopressinergic cells 
display similar CRF activity. As illustrated in Fig. 4b, a co- 
cultured SO explant did not influence ACTH content and 
secretion by AP (Fig. 4b), whereas the presence of PV again 
elicited effects on AP qualitatively similar to those shown in the 
previous culture series. 

This study clearly indicates that the PV region, and most 
probably not the hypophysiotrophic area, is a site for CRF 
synthesis. Stimulation'’, lesion’*’’ and histochemical*”** stu- 
dies have previously implicated the PV in adrenocortical 
control. It remains to be seen if the CRF released from PV is 
identical with the one recently described*’, and if AVP is a 
cofactor in the control of ACTH secretion”* by PV. However, 
the increased AVP levels in PV-AP co-cultures reveal a 
remarkable interaction between anterior pituitary and a specific 
region of the brain, and may have been caused by a known??? 
or unknown growth factor from the pituitary or hypothalamus. 
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Fig. 4. a, AP-SO co-culture stained by Bodian-silver impreg- 
nation after 35 days in vitro. Note large cells with fine processes on 
right, and small anterior pituitary cells on left. Morphological 
aspects are similar in AP-PV co-cultures, although no 
morphometric analysis has yet been carried out. Scale bar, 60 pm. 
b, Bioactive ACTH content (mean+s.e.m.) of tissue (open bars) 
and medium (solid bars) from five cultures (SO, supraoptic nucleus) 
after 4 week in vitro. AVP levels in SO cultures were about half 
those in PV cultures and, therefore, close to the detection limit. 
The existence of vasopressin was, however, clearly established by 
pooling three cultures of SO. The presence of AP had no detectable 
effect on AVP levels in co-cultures of AP +SO. Protein contents 
ranged from 180 yg (three half-anterior pituitaries) to 260 ug 
(hypothalamic cultures and co-cultures), and they are not 
significantly different in the various groups. Results from the set of 
experiments illustrated in this figure are presented elsewhere’*. 
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Our tissue culture approach opens new ways for identifying 
additional sites involved in the synthesis of CRF and other 
hypothalamic factors, and for exploring anterior pituitary 
actions on the brain. 

This study was in part supported by Swiss NSF grant 
3.581.0.79. We thank Ms L. Rietschin and M. Friedli for 
technical assistance, Dr J. Durr, Denver, for a sensitive and 
specific anti-vasopressin antibody, and Professor J.J. Dreifuss 
for valuable discussions. 
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The salivary secretion from the cat submandibular salivary gland 
induced by parasympathetic nerve stimulation is con- 
sidered to be due to release of acetylcholine (ACh) which binds 
to muscarinic receptors and activates secretory elements’. 
Recent evidence suggests that cholinergic neurones in the cat 
submandibular gland contain and release another neurotrans- 
mitter candidate, vasoactive intestinal polypeptide (VIP)”. 
Although VIP per se does not induce salivary secretion, it 
potentiates the secretion induced by ACh infusions*”. The 
present study offers a possible explanation for this potentiation 
by showing that VIP in physiologically relevant concentrations 
enhances the binding of muscarinic cholinergic ligands in the cat 
submandibular gland. 

Membranes were prepared from the submandibular salivary 
gland of adult cats using previously described methods’. 





* To whom correspondence should be addressed. 
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Fig. 1 a, Association rate of *H-4-NMPB (5.6 nM) to membranes from the 
cat salivary gland in the absence (O) and presence (@) of VIP (5 nM). Usinga 
loose-fitting glass-Teflon homogenizer at 695 r.p.m., a 10% homogenate 
(w/v) of the glands in 0.32 M sucrose was prepared by 15 up-and-down 
strokes. After centrifugation at 1,000g for 5 min the resulting supernatant 
was subjected to further centrifugation at 10,000g for 40 min. The pellet 
thus obtained was resuspended in a modified Krebs—Ringer’s buffer 
(137 mM NaCl, 2.68 mM KCI, 1.8mM CaCl, 1.05 mM MgCl, §mM 
HEPES, 10 pM phenylmethylsulphonyl fluoride, 1 g 1~* glucose) and used 
in the binding studies without further treatment. All incubations with 
muscarinic ligands and VIP were carried out at 37°C and the incubations 
were started by addition of VIP and °H-4-NMPB. Reaction was stopped by 
filtration through Whatman GF/B glass fibre filters and rinsing of the filters 
with 10 ml of ice-cold buffer. The filters were counted in a scintillation 
Spectrometer on the next day in toluene/5% diphenyloxazole/0.1% p- 
phenylene phenyloxazole at an efficiency of 45-55%., The experiment was. 
carried out three times with similar results. Data from one representative 
experiment are shown. Protein was determined according to Lowry ef al.” 
using bovine serum albumin as standard. The points are the mean (+s,e.m.) 
of triplicate determinations. b, The semilogarithmic plot of the association 
rate data of a. These data were analysed by nonlinear least-square fit of the 
data to the following equation: 

B, = Baan + Beg(t.0~e"*) 
where B, is the total amount *H-4-NMPB bound, B os is the nonspecific 
binding which is equilibrated within seconds, B., is the amount of *H-4- 
NMPB bound in equilibrium and k is the observed pseudo-first order rate 
constant. This rate constant is influenced by several factors besides the 
concentration of 7H-4-NMPB. The effect of VIP is demonstrated here but 
not analysed in detail because the VIP effect is transient (c), probably due to 
degradation and because the binding rate of VIP to its receptor is not known, 
only the onset of its effect on muscarinic binding. c, The transient effect of 
VIP (5 nM) on the association rate of 7H-4-NMPB (5.6 nM). The difference 
(Dì) between the curves (a) in the presence and absence of VIP is plotted as a 
function of time. 


Muscarinic receptor binding studies were performed using °H- 
N-methyl-4-piperidinyl benzilate H-4-NMPB) as the labelled 
ligand’. All incubations were carried out at 37 °C immediately 
after preparation of the membranes. Highly purified porcine 
VIP was used in all incubations. The biological activity of the 
VIP solutions were also tested in vivo on cats, by measuring 
potentiation of the ACh-induced salivary secretion’. 

Figure la and b show that the association rate of the 
muscarinic antagonist *H-4-NMPB° at concentrations of 2- 
15 nM was increased in the presence of VIP (5 nM). This effect 
was smaller with 50nM VIP. The effect of VIP was time 
dependent, being maximal at 3-4 min, and undetectable after 
10 min (see Fig. 1c). The observed pseudo-first order rate 
constants‘ determined for the first 3 min (compare Fig. 1a and 
b) were 0.32+0.07 and 0.52+0.11 min”, respectively, in the 
absence and presence of VIP (5 nM). The difference was statis- 
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Fig.2 The effect of VIP on binding to the muscarinic cholinergic receptors. 

Membranes were incubated with 7H-4-NMPB (140M) and different 

concentrations of VIP (10° -1077 M) for 2 min at 37 °C. Data shown are the 
mean (+s.e.m.) of quadruplicate determinations. 


tically significant (P < 0.001). The dose dependence of the effect 
of VIP on 7H-4-NMPB binding was then studied in pseudo-first 
order conditions. Figure 2 shows that at 2 min of incubation a 
bell-shaped curve of bound 344-4-NMPB versus VIP concen- 
tration was obtained, with a maximum between 3 x 10°° and 
3x108 M VIP. This curve was shifted to the right at longer 
incubation times, but the effective VIP concentrations were still 
in the nanomolar range. 

At equilibrium conditions (60 min incubation), 0.30 pmol 
3H-4-NMPB per mg protein could be specifically bound both in 
the absence and presence of VIP, thus suggesting that only the 
affinity (Kp = Kaiss/Kass) and not the number of receptors is 
changed. The dissociation rate (k gis.) for 3H-4-NMPB from the 
receptor was determined by starting the measurement after 
> min of incubation with >H-4-NMPB by addition of carbamyl- 
choline (10 mM). No effect of VIP (1-50 nM) was detected on 
the dissociation rate of the *H-4-NMPB-receptor complex. 
Isoprenaline (10°? M), adrenaline (10°°M) and substance 
P(107 M), known to influence the function of the sub- 
mandibular gland, were also tested, but none affected the asso- 
ciation rate of muscarinic ligands with the receptor. To deter- 
mine the tissue specificity of the effect of VIP on muscarinic 
ligand binding, rat cardiac membranes were tested in similar 
experiments (the auricles, which are known to have some VIP 
innervation, were removed). No effect of VIP on the association 
rate of 7H-4-NMPB was detected in this preparation. 

A 10-nM concentration was chosen from the plateau of the 
dose-response curve (Fig. 2) to examine the effects of VIP on 
muscarinic agonist binding. Figure 3a shows that in the presence 
of VIP, carbamylcholine behaved as a 1,000-fold more potent 
competitor of #H-4-NMPB binding than in the absence of VIP. 
Note that the slope of binding curves obtained in non-equili- 
brium conditions (Fig. 3a) is much higher than that in equili- 
brium conditions (Fig. 3b). The higher slopes may indicate 
cooperative interactions between carbamylcholine binding sites. 

In equilibrium conditions (60 min incubation, Fig. 3b) VIP 
had no effect on the displacement of *H-4-NMPB by carbamyl- 
choline. This ‘absence’ of effect is probably due to degradation 
of VIP during the long incubation. Figure 1c shows that the 
effects of VIP after 10 min have already disappeared, either due 
to degradation or desensitization. Analysis of VIP after 
exposure to tissue extracts or plasma indicates that the peptide is 
rapidly degraded (f,,. = 1-1.5 min)’, suggesting that degrada- 
tion may be the major factor in the disappearance of its effects. 
Until stable VIP analogues are available it is not possible to 
evaluate the contribution of desensitization to disappearance of 
the effect. A similar disappearance of the effect of VIP over 
10-20 min is observed when displacement of *H-4-NMPB by 
another agonist, ACh (10°°-10°7 M), is studied. In the presence 
of VIP at 5 min incubation time but not with 10 and 20 min 
incubation, ACh behaves as a 10° times more potent agonist 
(ICso = 3 x 107° M, Fig. 3c) than at equilibrium conditions. 

The present findings suggest that VIP increases the affinity of 
muscarinic ACh receptors in the cat submandibular gland. 
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Under physiological conditions VIP and ACh are probably 
released simultaneously upon activation of the secretory 
nerves?. Although VIP by itself does not induce salivation’, the 
findings offer a possible explanation of the potentiating effect of 
VIP on ACh-induced saliva secretion’’. Because, in the 
presence of VIP, the affinity of the muscarinic receptors for ACh 
increases 10°-fold (Fig. 3c) a large increase can be expected in 
the secretory response which is governed by occupancy of 
muscarinic receptors’. Although it is early to speculate about the 
molecular mechanism of the WVIP-mediated increase in 
muscarinic receptor affinity and association rate, it is relevant 
that equilibrium binding studies with muscarinic agonists 
suggest the existence of two or three interconvertible receptor 
populations having high and low affinity, respectively’. It is 
conceivable that occupancy of VIP receptors induces a shift 
from low- to high-affinity receptor conformation. (However, 
note that the data showing an effect of VIP on agonist binding 
(Fig. 3a, c) were not obtained in equilibrium conditions.) 

Some of the muscarinic responses, such as increased cyclic 
GMP synthesis, seem to be linked to occupancy of low-affinity 
agonist binding sites, whereas other responses, such as phos- 
phatidylinositol turnover, are apparently linked to both high- 
and low-affinity binding sites. (See refs 10, 11 for reviews.) 
Muscarinic responses involved in stimulation of secretion of the 
lacrimal cells’, pancreatic cells? and parotid gland’* relate 
high-affinity (Ks<1M) agonist binding to increased Na* 
permeability. Accordingly, in the salivary gland VIP may switch 
muscarinic receptors to the high-affinity conformer and thereby 
increase their efficiency in changing Na* permeability and 
secretion. 

The present data suggest that VIP receptors and muscarinic 
receptors interact in the plane of the membrane. Interaction 
between different receptors in the same membrane has been 
reported for muscarinic and B-adrenergic receptors in cardiac 
membranes! as well as for opiate receptors and nicotinic 
receptors’® in the adrenal medulla. 

This study was supported by grants from the Swedish MRC 
(17X-5438), the Swedish Tobacco Company and grants to T.B. 
from the National Institute of Mental Health, Bethesda, USA, 
and from the Swedish MRC (B82-13X-5415-04B). Highly 
purified porcine VIP was a gift from Professor V. Mutt, Karol- 
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Fig. 3 a, The effect of various concentrations of carbamylcholine on 
binding of 7H-4-NMPB (7 nM) in the absence (O) and presence (@) of VIP 
(10 nM). The samples were incubated for 2 min at 37°C. b, The effect of 
various concentrations of carbamylcholine on binding of °H-4-NMPB 
(7 nM) in the absence (©) and presence (@) of VIP (10 nM), The samples 
were incubated for 90 min at 37°C. c, The effect of VIP (10 nM, filled 
symbols) on diplacement of *H-4-NMPB (7 nM) by various concentrations 
of acetylcholine (in the presence of physostigmine, 10 pM). The displace- 
ment curves were run with incubation times of 5,10 and 20 min. The 
symbols are: ©, no VIP; @, + VIP (10 nM); 5 min incubation. 4, No VIP; A, 
+VIP (10 nM); 10 min incubation. O, No VIP; W, +VIP (10 nM); 20 min 
incubation. 
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Neuronal spread of scrapie agent 
and targeting of lesions 
within the retino-tectal pathway 
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Scrapie is a transmissible encephalopathy of sheep and goats, 
and a number of mammalian species can be infected experi- 
mentally. Various strains of the transmissible agent are dis- 
tinguishable on pathological and biological grounds in inbred 
mice’. The agents replicate in a variety of tissues, such as those 
of the lympho-reticular systems'**, but their pathological 
effects are confined to the central nervous system (CNS). The 
type, distribution and local intensity of the brain lesions vary, 
depending mainly on the agent strain, host genotype, route of 
infection and dose of agent. The principal type of lesion is 
vacuolar degeneration, typically with a bilaterally symmetrical 
distribution’. (Exceptional reports of its asymmetry can be 
attributed to ‘class III’ strains of agent’, none of which is used in 
the present study.) Whether spread of infection around the body 
involves the migration of infected cells, the agent passing from 
infected to adjacent uninfected cells, or via a possible viraemic 
phase to cells remote from infected foci"’, or transport over 
considerable distances along nerves, possibly with trans-synap- 
tic infection, is not known. There is evidence that infection 
spreads in the CNS from the thoracic spinal cord posteriorly and 
to the brain™™"', but it is still unknown whether the spread is 
partly or exclusively via neurones, and which types of cell are 
infected. The finding that the retina became infected following 
intracerebral injection’* has been interpreted as evidence for 
neural spread but this is not conclusive because it can be shown 
that tracers, for example, can travel from the subarachnoid 
space into the perineural space of the optic nerve to the epi- 
choroidal and episcleral tissues of the eyeball'*"**. I have now 
investigated whether lesions and infectivity can be targeted into 
a sensory nucleus following injection into a sense organ on one 
side of the body with the ipsilateral organ and nucleus acting as 
controls. The results show that scrapie agent can spread over a 
considerable distance along a nerve pathway. 

The possibility that neural spread of scrapie infectivity could 
produce targeted lesions was tested by injecting the ME7 strain 
of scrapie into the right eye of inbred C3H/LacDk mice. Groups 
of mice were killed for histological examination at intervals of 
155-260 days after injection; by 260 days the mice were within 
2-3 weeks of the terminal stage of the disease. Haematoxylin- 
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Fig.1 Asymmetry of vacuolation in the left superior colliculus in 

C3H mice killed 185 (a) and 190 (b) days after right intraocular 

injection of ME7 scrapie agent. Haematoxylin and eosin stains 
used. x78. 


and eosin-stained transverse paraffin sections of their formol- 
saline-fixed brains were examined, using a standard proce- 
dure'™®. In mice killed at the earlier intervals, asymmetrical 
lesions were confined to the contralateral (left) superior colliculi 
and no lesions were apparent elsewhere in the brain. This tectal 
asymmetry continued throughout the series (Fig. 1a), becoming 
less frequent as lesions developed symmetrically in both the 
tectum and other regions of the brain. By 250 days post- 
injection only symmetrical lesions were present (Table 1). From 
about 70% of the way through the incubation period of 265+3 
(mean +s.e.) days, an increasing proportion of cases showed a 
form of tectal asymmetry having severe degeneration of the 
contralateral side, but much less involvement of the ipsilateral 
superior colliculus (Fig. 1b), and low-grade symmetrical lesions 
elsewhere in the brain. 

Retinal ganglion cells are known to project to and synapse 
with various brain nuclei, including the superior colliculi and 
lateral geniculate bodies'’. In a few cases, low-grade vacuo- 
lation of the contralateral lateral geniculate nucleus occurred, 
but never with the consistency or severity seen in the optic 
tectum. This prominent asymmetry in the superior colliculi but 
not in the lateral geniculate nuclei is readily explained on several 
grounds. First, when injection routes which give fully sym- 
metrical lesions (such as intracerebral or intraperitoneal 
injections) are used the ME7 agent in C3H mice produces severe 
vacuolation in the superior colliculi but only mild vacuolation in 
the lateral geniculate nuclei. Second the lateral geniculate is only 
a small homogeneous structure in rodents compared with its 
greater importance and complexity in carnivores and pri- 
mates'’; and third, there is more decussation to the superior 
colliculi than to the lateral geniculate nuclei'"—90% to the 
latter in the mouse’”. 

The observed distribution of infectivity in dissected optic 
nerves and superior colliculi is entirely in accord with the lesion 
data. Following injection into the right eye, at 68 days infectivity 
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Table 1 Numbers of C3H mice with vacuolar degeneration in the 
superior colliculi, at intervals after intraocular injection into the right 
eye with ME7 scrapie agent 
cl n ee Sas ale a ee a a ae A ei ieee ate 

Days post-injection 
155 161 167 185 190 200 216 232 251 
Asymmetry of 
vacuolation in 
superior colliculus 


Left 2 4 2 2 1 2 0 i Ọ 
Right 0 0 1* 0 9 0 0 90 9 
Symmetrical lesions 1 o 1 0 0 1 2 0 2 
No lesions 1 1 0 0 0 0 0 0. 9 


Incidence of asymmetry 2/4 4/5 3/4 2/2 1/1 2/3 0/2 1/1 0/2 


ANLASANA AEAN ta nities PCr ethan HAA RA SSSA AAA ET ORAA 


{Inoculum of scrapie agent was 107-10° ICLD<o units per 0.002 ml of a 
500g supernatant of terminal ME7-affected C57BL mouse brain 
homogenate. 

* Data are available for 78 mice with asymmetrical vacuolation in the 
optic tectum following intraocular injection with scrapie from these and 
other unpublished experiments. This is the only deviant result in terms 
of sidedness and the possibility that the block was inverted during the 
preparation of sections cannot be excluded. 


is present in its optic nerve and tract, and in the contralateral 
superior colliculus to which it projects, but absent from the optic 
nerve and tract from the left eye and from the ipsilateral superior 
colliculus. At 105 days there is 500 times more infectivity in the 
contralateral than the ipsilateral superior colliculus. We now 
have preliminary results from a much wider time series which 
confirms that these findings are part of a consistent trend and 
that the infectivity appears in the contralateral superior collic- 
ulus several weeks before the lesions. 

The results reported here provide clear evidence that ortho- 
grade axonal spread can occur in scrapie in the CNS, which could 
account for the differences in titre found for the peripheral and 
central nervous systems, all pointing to neural spread'”"'*. This 
is also consistent with the recent evidence that the sympathetic 
system is a mode of entry of peripherally replicated scrapie into 
the thoracic spinal cord’, The extensive cross-over of retinal 
ganglion cell axons which occurs in adult rodents'**’ would, if 
neural spread occurred, result in the targeting of the earliest 
lesions largely in the contralateral superior colliculus, as has 
been demonstrated with tracers of axoplasmic flow such as 
35S-methionine and horseradish peroxidase’””*. The alternative 
possibilities, of spread of infection via cell-to-cell contact in 
epineural glial cells, or of spread by extension through the 
subarachnoid space around the optic nerves and tracts, are 
clearly inconsistent with these results as neither method of 
spread would produce contralateral asymmetry restricted to the 
optic tectum. As an analogue of a central nervous pathway”’, the 
evidence for spread in the retino-tectal projection suggests that 
spread in the CNS may involve a wider range of central axons 
than previously thought, but does not rule out the possibility of 
other modes of spread, such as via the extracellular space and 
within and between glia. 

It is now necessary to extend the observations described here, 
which are limited to the ME7 strain of scrapie agent, to other 
agents with different pathological manifestations, such as 79A 
agent in which white matter vacuolation is prominant”®, 
compared with 22C, where grey matter is involved exclusively, 
to test whether the targeting within the optic pathway can be 
shown to be even more specific. 
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Immune interferon release when a 
cloned cytotoxic T-cell line meets its 
correct influenza-infected target cell 
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T cells stimulated by mitogens’, specific antigens’, including 
viral antigens’, and alloantigens“ have been shown to produce 
immune interferon (IFN-y). However, the exact circumstances 
of induction of IFN-y in T cells have not yet been established, 
particularly the precise nature of the cell type producing the 
interferon. We have recentiy described” the selection and clon- 
ing of a BALB/c cytotoxic T(T,)-cell line (L4) which grows in 
the presence of T-cell growth factor (TCGF), is Lyt-2 positive 
and kills H-2* target cells infected with any type A influenza 
virus. The aim of the present study was to examine whether this 
cloned cytotoxic T-cell line produced IFN-y on contact with the 
appropriate target cell. It was found that small amounts of 
IFN-y were produced on co-culture of L4 with target cells, 
whereas L4 cells on their own released no detectable interferon. 
The pattern of antigenic specificity by L4 ceils for interferon 
production resembled the requirements for killing in that T, cell 
mediated lysis was restricted to H-2* targets infected with 
influenza A, but not influenza virus B strains, and interferon 
production was not prevented by a monoclonal antibody to the 
virus’ haemagglutinin, which does not inhibit cytotoxicity while 
neutralizing the virus. 

L4 T, cells were maintained in RPM1 1640 medium contain- 
ing 10% fetal calf serum, ampicillin, kanamycin and 10% RS 
(supernatant from rat spleen cells activated by concanavalin A)”. 
The cytotoxicity of L4 declined rapidly during in vitro passage 
and regular recloning was necessary to maintain the line. *'Cr- 
release cytotoxicity assays were carried out at regular intervals 
to survey cytotoxicity. 

To examine interferon production, L4 T, cells were incubated 
with A/X31-infected P815 (H~2°) target cells in the same 
conditions as the cytotoxicity assay except that the target cells 
were unlabelled. After 6 h incubation the cells were centrifuged 
lightly and interferon levels in the supernatant medium deter- 
mined by titration on C3H10T} mouse fibroblasts’ using the 
inhibition of nucleic acid synthesis method’ with Semliki Forest 
virus as challenge virus. Table 1 shows that L4 T, cells produce 
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interferon on contact with A/X31-infected P815 cells, but that 
L4 T, or infected P815 cells incubated alone for the same time 
period (6h) do not. A monoclonal antibody (3/1) to the H3 
haemagglutinin of A/Memphis/71, which neutralizes A/X31 
virus infectivity® but does not block killing’, does not prevent 
interferon production. P815 cells coated with UV-irradiated 
A/X31 virus, which do not act as targets, do not induce inter- 
feron. A/X31 virus alone added to L4 T, cells at the same 
concentration used to infect P815 cells does not induce inter- 
feron in L4 T, cells. Thus, production of interferon by L4 T, cells 
required interaction with infected targets. The presence of free 
infectious virus was neither necessary nor sufficient for inter- 
feron production. 

We next determined whether the production of interferon was 
related to the recognition of appropriate antigens on the target 
cells, P815 cells infected with either A/X31 or A/USSR both 
act as targets for L4 T, cells’ and both induce interferon produc- 
tion (Table 2). P815 cells infected with B/HK, on the other 
hand, neither serve as targets for L4 T, cells? nor induce 
interferon (Table 3). 





Table 1 Cytotoxic T-cell clone L4 releases interferon on contact with targets 
infected with influenza strain A/X31 





%Target 
P815 cell lysis at 
targets Interferon K/T ratio 
L4 T, virus Antiserum production 
cells infection to HA* (U ml’) 5/1 2.5/1 
+ A/X31 — 100 29.4 27 
+ ~ ~ <3 s = 
= A/X31 =- <3 = = 
+ A/3i 1/100 120 29 26.5 
+ UV A/X31 = <3 - - 
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The cytotoxicity assay was carried out as previously described’”. In brief, P815 
cells infected for 1.5 h with 800 haemagglutinin units of virus and labelled with 
51¢"r were washed three times and plated out at 10° per well in 96 round bottom 
microtitre plates. After 6 h incubation with L4 T, cells in 0.2 ml at 37 °C, the plates 
were centrifuged for 5 min at 1,000 r.p.m; 0.1-ml samples were collected and 
radioactivity estimated in a y-counter. % °'Cr release = c.p.m. (experimental) — 
c.p.m. (spontaneous release)/c.p.m. (total)~c.p.m. (spontaneous release). K/T, 
killer /target cell ratio. To test the production of interferon, the assay was carried 
out in the same way in 0.2 mi per well except that the infected target ceils were not 
labelled with *'Cr, and K/T was 10:1 or 5x 10° Tc cells per ml. The supernatant 
medium was collected and interferon assayed on C3H10T3 cells’ by the INAS. 
method’. Briefly, replicate monolayers of cells were treated overnight with 
dilutions of interferon. The cells were then challenged with Semliki Forest virus 
and the extent of virus replication directly assessed by labelling with 3H-uridine in 
the presence of actinomycin D to suppress cell RNA synthesis. Titres are quoted in 
units per ml and are approximately equivalent to international units of mouse 
IFN-a +B (there is at present no standard for mouse IFN-y). 

* Monoclonal antibody (3/1) to haemagglutinin of A/X31*° which does not 
inhibit T-cell killing, but neutralizes infective virus’. 


We further correlated the production of interferon by L4 T. 
cells with their ability to recognize and kill infected H-2° targets 
but not infected H-2” cells or infected H-2% cells (B.A.A. and 
Y-L.L. in preparation). The dm, mutant lacks H-2L and H-2M 
molecules in the D region of the major histocompatibility locus. 
To test the killing of virus-infected cells derived from different 
mouse strains it was necessary to use lipopolysaccharide-stimu- 
lated B lymphoblasts as targets, which are not so efficiently 
killed by L4 T, cells as P815 tumour cells. IFN-y production was 
therefore low, but the amounts produced paralleled the killing 
obtained in cytotoxicity assays. Thus, whereas A/X31-infected 
BALB/c (H-2%) lymphoblasts were killed by L4 T. cells and 
induced interferon production, A/X31-infected lymphoblasts 
from C57/B16 (H-2°) or BALB/cdm, mice (H-2°"’) were 
neither killed by L4 T. cells nor induced interferon (data not 
shown). 

The type of interferon produced by L4 T, cells interacting 
with A/X31-infected P815 cells was determined by antiserum 
neutralization and acid lability tests. Two antisera were used: a 
sheep antiserum to interferon produced by induction of C243 
cells, and a rabbit antiserum to interferon produced by induction 
of mouse L cells (obtained from the NIH). Both antisera neu- 





Table 2 Cytotoxic T-cell clone releases interferon on contact with 
targets infected with heterologous type A influenza virus 





P815 targets Interferon production 


L4 T, cells virus infection (U mi’) 
+ A/X31 45 
+ A/USSR 50 
— A/X31 <3 
= A/USSR <3 





Experimental conditions were as described in Table 1 legend. The 
K/T ratio for interferon production was 8:1. Ata K/T of 5 :1, L4 cells 
lysed 17% of A/X31-infected and A/USSR-infected target cells. 


tralize both mouse IFN—a and IFN-B but not IFNy. We found 
that both antisera failed to neutralize significantly the interferon 
produced by L4 T. cells in conditions where interferon produced 
by Newcastle disease virus-induced mouse L cells (a mixture of 
IFN-a and IFN-8)'° was completely neutralized. IFN-y is 
unstable at pH 2 whereas IFN-a and IFN-£ are both stable", 
the interferon produced by L4 T. cells was completely destroyed 
by pH 2 treatment. Therefore by both these criteria the inter- 
feron produced was IFN—y. 

Recently Marcucci et al.” have tested several T-cell clones, 
growing in TCGF, for IFN~y production after mitogen stimula- 
tion. These clones, derived from AKR mice sensitized with 
picryl chloride, produced up to 800 units of IFN—y per 10° cells. 
All the clones were Thy-1.1 antigen positive; but since they 
lacked detectable Lyt markers it was not possible to determine 
to which T-cell subpopulation they belonged. Our data indicate 
that Lyt-2-positive, target-specific T, cells produce IFN-y on 
contact with their target cell. There is a previous report of 
production of lymphokines by T cells of both Lyt-1- and Lyt- 
2,3-positive phenotype’’. The characteristics of IFN-y produc- 
tion resemble closely the characteristics of killing in viral anti- 
genic specificity and H-2 restriction. As the virus alone does not 
induce IFN-y, it seems that for IFN-y production the L4 T, cells 
need to ‘see’ the viral antigen in the context of cellular antigens. 
Accessory cells (such as macrophages) seem unnecessary for 
IFN-¥ induction, although it is possible that they may augment 
interferon production and our data do not exclude the possibility 
that other T-cell subpopulations also produce interferon on 
appropriate stimulation. We also cannot exclude the possibility 
that the interferon is produced by the target cells following 
specific recognition by the T, cell, but we think this unlikely 
because the interferon is type y. 

The ability of T, cells to produce interferon when they meet 
their histocompatible virus-infected target cell is of considerable 
importance. Immune T cells have been shown to protect against 
influenza virus infection’, and clone L4 cells have been shown 
to protect against lethal influenza infection’” and to reduce the 
replication of influenza virus in the lungs of infected mice. It was 
thought that T. cells protect by killing cells early after virus 
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Table 3 Influenza type B virus-infected target cells do not induce 
interferon release by L4 cytotoxic T cells 





Virus infection Target cell lysis 


of P815 Interferon at K/T ratio 
LAT. celis targets {U mi!) 4:1 2:1 
+ A/X31 120 20.3 14.5 

— A/X31 <3 oo ~ 
+ B/HK <3 2.1 0.8 

+ —- <3 ji = 

— B/HK <3 ~ ~ 
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Assay conditions as in Table 1. L4 T, cells + influenza-infected P815 
targets were incubated in a microtitre plate for 6 h at K/T ratio of 9:1 
(10° target ceils per well). Cells were centrifuged and the supernatant 
analysed for interferon. The data show interferon released by 4.5 x 10° 
L4 cells per ml over 6h. A parallel assay was carried out with °'Cr- 
labelled and A virus-infected target cells to measure the % *' Cr released 
during a 6 h incubation at K/T ratios as shown. 
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infection, before virion assembly but after the expression of viral 
proteins on the cell surface. Our finding that L4 T, cells produce 
IFN-y after contact with their target adds another dimension to 
the role of T, cells in preventing spread of virus. The IFN-y 
produced would reduce spread of virus released from infected 
cells before killing occurred, and could also activate other 
immune effector cells, such as natural killer cells'°, which may be 
involved in resistance to virus infections. It could also serve to 
protect the T, cells themselves from infection. 

We acknowledge the technical assistance of Mr M. Drofiak 
and Miss C. Gillespie for interferon assays. We thank Dr P. 
Demant for a gift of BALB/c dm, mutant mice and Dr M. Tovey 
for sheep anti-IFN antiserum. A.G.M. was supported in part by 
a grant from the Cancer Research Campaign. 
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Phorbol-12,13-diester 12-ester 
hydrolase may prevent tumour 
promotion by phorbol diesters in skin 
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Tumour promoters are not themselves carcinogenic but can 
induce tumours in mice treated previously with an otherwise 
insufficient dose of certain chemical carcinogens™*. One of the 
most potent tumour-promoting agents is 12-O-tetradecanoyl- 
phorbol-13-acetate (TPA), initially isolated from croton oil’. 
The effects of tumour promoters are species specific®; croton oil, 
of which TPA is the most active component, does not act as a 
tumour promoter in rat, rabbit, guinea pig or hamster skin in 
conditions for which it is a potent tumour promoter in mouse 
skin*'*. Recently, we have purified the enzyme phorbol-12,13- 
diester 12-ester hydrolase (PDEH) to homogeneity from mouse 
and human liver cytosol’*. This enzyme converts biologically 
active phorbol-12, 13-diesters to the inactive phorbol-13- 
monoester™ in a dose-, time- and temperature-dependent 
manner. PDEH has been partially purified from hamster skin 
but is not detected in mouse skin, suggesting that the basis for 
the TPA tumour promotion only in mouse skin is a result of 
differences between the species in levels of TPA inactivating 
enzyme (PDEH) in the skin. We demonstrate here that respon- 
siveness to TPA-induced tumour premotion is related to the 
level of PDEH activity in skin of all animals tested. 

TPA elicits various biological and biochemical responses in 
vitro as well as in vivo'*'*""*, High-affinity specific receptors for 
biologically active phorbol and ingenol esters have been re- 
ported for a wide variety of cells in culture as well as in animal 
tissues'’*’. The lack of responsiveness of certain animal species 
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Tabie 1 Distribution of PDBu dinding sites in skin of various species 
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3H-PDBu binding 


Species ing per mg protein) 

Mouse {BALB/c} 0.38 
Rat (Fisher) 0.52 
Guinea pig (N-2) 3.35 
Hamster (Syrian) 0.2 

Rabbit (NZW)} 0.35 
Cat 0.41 
Dog 0.42 
Rhesus monkey 0,37 
Human 0.32 


The shaved skins from adult animals were minced and suspended in 5 vol of cold 
phosphate-buffered saline (PBS) and disrupted with a polytron PT-10 (Brinkman) 
at 21,000 r.p.m. at 4 °C for 180 s, Four 30-s pulses at 30-s intervals were used. The 
crude homogenate was centrifuged at 105,000 for 1h at 4°C. Human skin from 
an autopsy specimen of a 5-vr-old female accident victim was similarly processed. 
The supernatant was removed and used for PDEH assay. The pellet was re- 
suspended in the original volume of cold PBS. The binding of *H-PDBu to crude 
homogenate or pellet suspension was performed in duplicate in 12x75 mm 
disposable glass tubes (Kimax) in the absence or presence of 20 pg ml”! unlabelled 
PDBu. The binding mixture contained 5 ng *H-PDBu (~4 x 104 c.p.m.), 0.2% 
final concentration of dimethy! sulphoxide (DMSO) and several concentrations of 
crude homogenate or pellet suspension in a total volume of 0.25 ml binding buffer 
(BB) consisting of Dulbecco's minimum essential medium (DMEM) containing 
bovine serum albumin (BSA, 1 mg ml~") and N,N-bis-(2-hydroxyethyl)-2-amine- 
ethane sulphonic acid (BES, 5 mM), adjusted to pH 6.8. After incubation at 23 °C 
for 30min, tubes were chilled, 0.25 mi cold 4% calf serum (Colorado Serum 
Corporation) and 0.7 m} cold 25% polyethylene glycol (PEG 6,000) in 1 mM 
Tris-HCI! pH 7.4 were added to each tube, the contents vortexed and the tubes 
allowed to stand at 4 °C for 15 min before being centrifuged (1,500g for 10 min at 
4 °C). The supernatant solution was carefully drained off, the pellet resuspended in 
2.5 mi of cold 10% PEG in 0.1M Tris-HCl pH 7.4, and the tubes were again 
centrifuged as described above. The supernatant solution was removed and pellets 
solubilized in 0.8 ml of lysing buffer (0.01 M Tris-HCI pH 7.4, containing 0.5% 
SDS and 1 mM EDTA). The mixture was transferred to counting vials and 10 ml 
Aquassure (NEN) added to each vial. The vials were shaken vigorously and 
radioactivity determined using a Beckman 8 counter, The radioactivity bound in 
the presence of 20 ug ml”! (56-200 c.p.m.) unlabelled PDBu was considered to be 
nonspecific and all data were corrected accordingly. Protein concentration was 
determined as described elsewhere”. The animal strains used are given in paren- 
theses. 


to two-stage tumorigenesis is apparently not due to the lack of 
initiating carcinogenic activity because rabbit and hamster are 
highly susceptible to skin carcinogenesis caused by polycyclic 
aromatic hydrocarbons*'??, 

The phorbol diester inactivating enzyme (PDEH) is a single- 
chain, hydrophobic glycoprotein with a molecular weight (MW) 
of 60,000. It has an isoelectric point (pI) of 5, exhibits optimum 
activity at pH 7.5-8.5, and is heat- and acid-labile. Phenyl- 
methylsulphonyl fluoride (PMSF) is a potent inhibitor of the 
enzyme, as are zinc, cobalt and fluoride ions. The amino acid 
composition and certain properties of the enzyme are different 
from purified porcine liver carboxy esterase (EC 3.1.1.1)**4. 
The natural substrate(s) of PDEH are unknown; however, 
porcine liver esterase (Sigma) unlike PDEH, does not inactivate 
phorbol diester. 

To investigate the restriction of TPA action in nonresponsive 
species, we studied the specific receptors for biologically active 
phorbol esters'**° and PDEH activity in skin of various species. 
Enzyme activity was measured by incubating *“H-PDBu (phor- 
bol-12,13-dibutyrate) and tissue extract at 37 °C for 30 min and 
then measuring the amount of remaining *H-PDBu by its bind- 
ing to mouse brain membranous fraction (BMF), the richest 
source of receptors”, for 30 min at 23 °C. We found that skin 
from all species tested contains TPA receptors, and that PDEH 
activity is absent from normal mouse skin, but present in very 
high levels in hamster, rat, guinea pig and rabbit skin. The 
distribution of PDBu binding sites in skin of various species is 
given in Table 1. Skin from all species (mouse, rat, guinea pig, 
hamster, rabbit, cat, dog, monkey and human) bound between 
0.32 and 0.52 ng PDBu per mg protein. Thus, responsive and 
nonresponsive animals have roughly comparable levels of TPA 
receptors in their skin. Therefore, the lack of responsiveness to 
TPA characteristic of most rodent species except the mouse, is 
not due to the absence of specific TPA receptors. 

Figure 1 shows that extracts from hamster, rat, guinea pig or 
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Table 2 Distribution of phorbol diester-12-esterase activity in skin of 
various species 
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TPA 
Activity responsiveness 
CH-PDBu cleaved; (skin 
Skin extract ng per mg protein) carcinogenesis) 
Mouse {nu /nu ) <0.1 ++ 
Heterozygote mouse 
(nu’/nu’) <0.1 NK 
Nude mouse (nu /nu`) 17 on 
Rat 22.7 ~ 
Guinea pig 13.9 =- 
Hamster 100.8 ~ 
Rabbit 7.8 - 
Cat <0.1 NK 
Dog <0.1 NK 
Rhesus monkey <0.1 NK 
Human 0.1 NK 





NK, not known. —, With low doses of TPA? 


rabbit readily inactivated *H-PDBu, reducing its binding to the 
specific receptors in a dose-dependent manner. In contrast, 
extracts from mouse, cat, dog, monkey and human skin do not 
affect “H-PDBu binding to receptors. Failure of nude mouse 
skin to respond to low doses of TPA has been reported else- 
where’. Interestingly, nude mouse skin extracts contain small 
but significant amounts of PDEH whereas heterozygote mouse 
skin extracts, like wild-type mouse skin extracts, do not express 
any activity (Fig. 1). The levels of PDEH enzyme activity in skin 
extracts from various species are shown in Table 2. Hamster, rat, 
guinea pig, rabbit and nude mouse extracts cleaved, respec- 
tively, 100.8, 22.7, 13.9, 7.8 and 1.7 ng PDBu per mg protein, in 
our assay conditions. Mixing experiments demonstrated that the 
mouse skin extract contains a low level of a PDEH inhibitor, 
which can slightly decrease the hamster enzyme activity. 

Table 3 summarizes a HPLC analysis of °H-PDBu treated 
with skin extract from various species. Extracts from hamster, 
rat, guinea pig and rabbit skin converted 7>H-PDBu to °H-13-PB 
(phorbol-13-butyrate) while there was no reduction in °H- 
PDBu nor appearance of other metabolites in samples treated 
with mouse, cat, dog, monkey or human skin extracts. HPLC 
analysis of “H-PDBu metabolite(s) (24h after PDBu appli- 
cation) from mouse, hamster and guinea pig skin in vivo 
revealed that all the radioactivity recovered from mouse skin 
co-elutes with PDBu, whereas ~80% of the labelled material 
from hamster and ~96% radioactivity from guinea pig skin 
co-elutes with 13-PB, the rest remaining as PDBu. Thus, the 
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Table 3 HPLC analysis of *H-PDBu treated with skin extract from 
various species 





% Radioactivity 


eluted as 

Species PDBu 13-PB 
Control 100 0 
Mouse 100 0 
Rat 0 100 
Guinea pig 2.6 97.4 
Hamster 0 100 
Rabbit 35.2 64.8 
Cat 100 Q 
Dog 100 0 
Rhesus monkey 100 0 
Human 100 0 


*“H-PDBu (120 yl; ~16x 10* c.p.m.) in BB, 0.2% final concentration 
DMSO and 2 mg, of skin extract protein in 0.8 ml PBS were incubated 
for 1 h at 37°C. “H-PDBu and products were extracted with a chloro- 
form~—methanol mixture (2:1), the organic phase containing almost all 
radioactivity dried under nitrogen, the material dissolved in 25 yl 
DMSO. Ten microlitres from each sample were analysed by HPLC using 
C1g-Bondapak/Porasil (Waters Associates)”. 
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direct application of PDBu to skin gave the same results as those 
obtained using skin extracts in an in vitro assay. 

Our results show a close relationship between levels of PDEH 
activity in skin and responsiveness to TPA-induced tumour 
promotion in skin in all cases (mouse, hamster, rabbit, guinea pig 
and rat) for which data are available. Thus, TPA susceptibility of 
mouse skin, but not of other animal skin, may be due to the lack 
of expression of PDEH in this tissue. The high levels of PDEHin 
a tissue would inactivate TPA or other active phorbol esters, 
leading to insensitivity of that tissue to TPA-induced tumour 
promotion. On the basis of this observation, one would predict 
that TPA and related active diterpene esters would act as 
tumour promoters in cat, dog, monkey and human skin. An 
effective inhibitor of PDEH such as PMSF” would potentiate 
the action of TPA in skin and might make TPA-nonresponsive 
animals become sensitive to TPA. Conversely, inducers of the 
enzyme might render a responsive animal nonresponsive. 
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Fig. 1 Effects of protein concentration in skin extracts from various 
species on “H-PDBu inactivation. °H-PDBu (5 ng in 30 wl BB buffer), 
0.2% final concentration DMSO and 0-200 yl of skin extract in PBS ina 
final volume of 0.23 ml were incubated in duplicate at 37 °C for 30 min. 
Tubes were placed on ice and 20 ul of murine BMF in PBS (50 pE 
protein) were added to each tube, the contents of the tubes were mixed 
and incubated at 23°C for 30 min. After this time PDBu binding was 
determined as described in Table 1; 100% binding represents 
~5,000 c.p.m. ©, Inbred mouse (nu /nu`), +, heterozygote mouse 
(nu*/nu"); x, nude mouse (nu*/nu*); @, rat; D, guinea pig, W, 
hamster; A, rabbit; A, cat; 7, dog; V, rhesus monkey; ©, human. 


Increasing the dose of TPA and/or TPA treatment frequency 
would probably enhance the susceptibility to TPA-elicited 
tumour promotion in PDEH-positive tissues. In addition, those 
tumour promoters which do not contain an ester group, such as 
dihydroteleocidin B”, should be refractory to the action of 
PDEH and concomitantly, should act as promoting agents in 
PDEH-positive tissues, provided that they are not inactivated 
by some other enzyme in the tissue. Although PDEH is not 
expressed in mouse skin, very high amounts of the enzyme can 
be isolated from mouse liver and kidney. One would expect 
these tissues, like hamster, rat, rabbit or guinea pig skin, to be 
refractory to the various actions of the TPA-related tumour 
promoters. 
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Calmodulin confers calcium 
sensitivity on secretory exocytosis 


Richard A. Steinhardt & Janet M. Alderton 


Department of Zoology, University of California, Berkeley, 
California 94720, USA 





The cortical reaction at fertilization of a sea urchin egg results in 
the elevation of the fertilization membrane due to the exocytosis 
of cortical granules lying directly beneath the plasma 
membrane. These secretory granules are vesicles ~1 jpm in 
diameter and can be easily observed in phase-contrast optics. 
Insemination of the egg results in the release of intracellular 
ionized calcium which acts as the trigger for the fusion of the 
cortical granules with the plasma membrane and the expulsion 
of their contents into the extracellular space”. Although Ca’ is 
known to be involved in exocytosis, it has not yet been clearly 
demonstrated how the high sensitivity to calcium is conferred on 
exocytosis**. Here we examine the action of antibodies to 
calmodulin on the secretion of the cortical granules and demon- 
strate that calmodulin is responsible for the high calcium sensi- 
tivity of the cortical reaction and can be localized on the inner 
plasma membrane surface. 

Baker and Whitaker have previously shown that the calcium 
sensitivity for cortical granule fusion with the plasma membrane 
is the same for both intact eggs and their in vitro preparation of 
isolated cortical surfaces’. Furthermore, they could stabilize the 
micromolar calcium thresholds for exocytosis by keeping the 
isolated surfaces in media containing millimolar concentrations 
of ATP*. They also demonstrated a strong inhibition by the 
antipsychotic drug trifluoroperazine, which suggested that a 
modulatory calcium-binding protein was involved in exocy- 
tosis’. 

Calmodulin is a ubiquitous calcium-binding protein used in 
many regulatory pathways and has been found in sea urchin eggs 
where it is known to activate NAD kinase’™'°. The in vitro 
preparation for exocytosis allowed us to test directly the effects 
of antibodies to calmodulin without complications from poison- 
ing other enzyme systems. Commercially obtained antibody to 
electrophoretically homogeneous native rat testis calmodulin 
was produced in sheep and the calmodulin-specific IgG was 
purified from other sheep immunoglobins and proteins by 
affinity chromatography on calmodulin-Sepharose'’. Isolated 
cortical surfaces were prepared on poly-lysine-coated glass 
coverslips in the form of small (5 p1) chambers which could be 
directly observed with a Zeiss phase microscope while solutions 
were changed. These chambers were then incubated at 100% 
humidity and 16 °C in the isolation medium either alone or with 


calmodulin antibody or preimmune serum or calmodulin anti- 
body plus excess calmodulin (purified from bovine testis)'*. At 
the end of the incubation period, each chamber was photo- 
graphed before and 60s after testing with a single calcium 
concentration and the number of reacted cortical granules was 
counted. 

When tested with the isolation medium alone, the calcium 
sensitivity of exocytosis remained constant for all periods of 
incubation with >70% discharge of the cortical granules within 
60 s at 5 pM Ca”. Short periods of incubation (45 min) with the 
calmodulin antibody had no inhibitory effect but inhibition 
rapidly set in with longer periods, with the calcium threshold 
rising to 150 uM Ca’ at 65 min and complete block even to 
1 mM Ca”* at 75 min. Figure 1 shows the results obtained with 
75-min incubations, demonstrating the complete block induced 
by treatment with calmodulin antibody. In contrast, controls 
with isolation medium alone, preimmune serum or calmodulin 
antibody preincubated with excess calmodulin (at a ratio of 
7 mol of calmodulin to 1 mol antibody) retain their high sensi- 
tivity to Ca’*. A complete reversal of this block could be 
obtained by a further 10 min of treatment with calmodulin at a 
concentration of 2 x 1077 M (n = 3). The rapid onset of the block 
after a delay and the much shorter period required for reversal 
with calmodulin suggests that a large excess of calmodulin is 
associated with each cortical granule-plasma membrane 
complex with only a relatively few calmodulin sites necessary for 
full calcium sensitivity and discharge at 54M Ca’”. If this 
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Fig. } Influence of antibody to calmodulin on the calcium sensitivity of 
exocytosis in isolated cortical surfaces. A, Controls in which the cortices 
were incubated in the isolation medium alone. A, Cortices incubated in 
isolation medium containing 750 pg mi™' protein preimmune serum. O, 
Cortices incubated in isolation medium containing 400 yg mi”! sheep anti- 
body to calmodulin plus 2x 1075M bovine testis calmodulin'’. This 
represents a molar ratio of 7 calmodulin to 1 sheep IgG. Antibody was 
preincubated with calmodulin for 1 h before being applied to the cortices. @, 
Cortices incubated in isolation medium containing 400 ug mi~’ calmodulin 
antibody. Eggs of the sea urchin Lytechinus pictus were obtained as pre- 
viously described’, Isolated cortical surfaces were prepared by the method of 
Baker and Whitaker® by sticking portions of egg cortices on glass coverslips 
with poly-pL-lysine in the following isolation medium: 250 mM potassium 
gluconate, 500 mM glycine, 10 mM NaCl, 10 mM HEPES, 10 mM EGTA, 
5 mM Mg-ATP, 1 mM free Mg’*, 1077 free Ca**, pH 6.7. Ionized calcium 
and magnesium concentrations were calculated from the stability constants 
for EGTA". The abscissa represents the ionized calcium concentration in 
the test solutions which were otherwise identical to the isolation medium 
except that no attempt was made to buffer calcium with EGTA at Ca?” 
concentrations above 15 pM, Solution changes were made by placing a 
fragment of filter paper at one open end of the small (5 pl) glass coverslip 
chamber containing the cortical surfaces and flushing gently 20 pi of new 
solution through from the cther end; this was repeated three times. After a 
75-min incubation period at 16 °C, each chamber was viewed with a Zeiss 
inverted microscope (IM35) using a 63 power oil immersion phase objective. 
Each cortical preparation was photographed before and 60s after the 
introduction of the test solution, with the time being measured from the time 
of the second flush of new solution. Preimmune serum and antibody to 
calmodulin were obtained from CAABCO, Houston, Texas. This non- 
precipitating sheep calmodulin antibody demonstrates cross-reactivity to 
calmodulin from vertebrates, invertebrates and plants, and exhibits <0.2% 
cross-reactivity to troponin C and no cross-reactivity to parvalbumin"’. 
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Fig.2 Indirect immunofluorescent localization of calmodulin on the cyto- 
plasmic side of isolated cortical fragments. Isolated cortical surfaces with 
only the cytoplasmic side exposed to medium were prepared as described in 
Fig. 1 legend on poly-lysine-coated glass coverslips. After following the 
same incubation procedure for 75min with calmodulin antibody, the 
cortices were incubated for a further 60 min with fluorescein isothiocyanate- 
conjugated anti-sheep antibody prepared in rabbit, diluted 16-fold in the 
isolation medium (Miles). In controls in which the preincubation was with 
preimmune serum, calmodulin antibody adsorbed with excess calmodulin or 
isolation medium alone showed little or no staining except for occasional 
spots where the rabbit fluorescein isothiocyanate-conjugated antibody was 
trapped in a bit of debris or fold of the cortices. Zeiss epifluorescent 
microscope, x63 phase optics. The stuck-down cortical diameter averages 
120 um. 


explanation is correct, the delay reflects the time for the lower- 
affinity components of our heterologous antibody to bind and 
cover the last sites. 

Immunofluorescent localization of calmodulin revealed heavy 
granular staining in the plane of the plasma membrane just 
beneath the layer of cortical granules (Fig. 2). During the 
repeated washes of the immunofluorescent procedure many of 
the cortical granules were washed away but staining was still 
found where they had been. Of course we cannot state definitely 
whether or not calmodulin was associated with the granules as 
well as the membrane, but it seems most likely that it is asso- 
ciated with both at the region of attachment. Having examined 
more than 24 samples, we suspect that the pattern of calmodulin 
staining corresponds to the cortical granule sites since the 
numbers are consistent with such a logical association; however, 
this conclusion cannot be convincingly reached using a light 
microscope and proof would require examination with anti- 
sheep ferritin-conjugated antibody using an electron micro- 
scope. 

An important question arises as to whether the isolated 
fragments can be used as a model for real exocytosis or whether 
the in vitro system operates by some other means of granule 
discharge. Decker and Lennarz showed that in isolated frag- 
ments, a normal vitelline complex with the correct orientation 
was formed when cortical fragments were exposed to calcium 
ions'*. Similar results have been obtained for stuck-down corti- 


cal fragments which, when exposed to 3 uM Ca”*, undergo 
exocytosis, forming the perivitelline space and _ vitelline 
membrane (M. J. Whitaker and P. F. Baker, personal com- 
munication). Estimates of the peak calcium ion transient at 
fertilization from aequorin measurements fall in the same range 
(2.5-4.5 uM)'. These results and the identical sensitivity to 
calcium ions for both intact eggs suddenly lysed in Ca**-EGTA 
buffers and stuck-down cortical fragments strongly imply that 
identical mechanisms of exocytosis are involved’. 

To our knowledge, the results reported here are the strongest 
evidence to date for direct involvement of a known protein in 
fusion of a natural biological membrane and exocytosis at 
physiological concentrations of calcium ions. Our finding 
implies that calmodulin is bound to the inside surface of the 
plasma membrane and is integrally involved in the exocytosis of 
cortical granules, conferring the high sensitivity of calcium on 
that process. As other exocytotic systems also exhibit a similar 
dependence on calcium**, we expect that calmodulin or other 
similar calcium-binding modulatory proteins will be shown to be 
involved in exocytosis generally. 

This work was supported by NSF grant PCM 81-04294 to 
R.A.S, We thank Dr Joan Egrie for the gift of purified calmodu- 
lin and many useful discussions. 
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Measurement of changes 
in cytoplasmic free 
Ca’* in fused cell hybrids 


M. B. Hallett & A. K. Campbell 


Department of Medical Biochemistry, Welsh National School of 
Medicine, Heath Park, Cardiff CF4 4XN, UK 





The investigation of many problems in cell biology requires a 
method for studying chemical ‘events’ in living cells. For exam- 
ple, the measurement of cytosolic free Ca?*, using Ca** indica- 
tors in giant cells, has provided vital evidence for the role of this 
ion in the activation of cells by electrical and chemical stimuli’. 
However, the incorporation of Ca** indicators into small cells 
(diameter <20 pm), without causing irreversible damage, has 
proved extremely difficult’. Recently, an elegant new technique 
has been reported’ for entrapping within small cells a 
fluorescent Ca?* indicator after hydrolysis within the cell of a 
membrane-permeant ester of the compound. We have 
developed a method, using Sendai virus, for fusing cells with 
erythrocyte ghosts containing photoprotein Ca** indicators 
and other membrane-impermeant chemiluminescent-labelled 
indicators’. Because of the sensitivity of chemiluminescent 
analysis, these indicators can be used at concentrations which do 
not significantly disturb the chemistry of the cells. The ultimate 
aim was to establish a cell system in which free Ca’*, oxygen 
radicals and cyclic nucleotides could be directly monitored. 
Here we report the incorporation of the photoprotein, obelin’, 
an indicator of free Ca**, into small mammalian cell hybrids. 
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Fig. 1 Phase-contrast microscopy of unfused cells and hybrids. Human erythrocyte ghosts containing obelin were prepared from washed human erythrocytes by 
lysing preswollen erythrocytes” in 10 mM TES (N-Tris-(hydroxymethy])-methyl-2-amino-ethanesulphonic acid, treated with Chelex-100, see ref. 1) and adding 
obelin (1-10 pul) for 10 min at 0 °C. Isotonicity was restored by addition of KCI (pure) to give a final concentration of 150 mM, and the ghosts were resealed at 37 °C for 
30 min. Rat polymorphonuclear leukocytes were isolated from the peritoneal fluid of rats previously injected intraperitoneally with sodium caseinate as previously 
described’. Fusion was achieved by resuspending a mixture of erythrocyte ghosts (5 * 10’) and polymorphonuclear leukocytes (5 x 10°) in 100 ul of ice-cold medium 
containing 150 mM NaC] (pure), 10 mM TES-Chelex, 0.25 mM uranyl acetate and 1,500 haemagglutinating units of UV-inactivated Sendai virus, pH 7.4. After 
10 min at 0 °C, the suspension was incubated at 37 °C for a further 30 min, washed and resuspended in 120 mM NaCl, 4.8 mM KCI, 1.2 mM KH,PO,, 1.2 mM MgSO, 
and 25mM HEPES, pH 7.4. Unfused polymorphonuclear leukocytes were separated from the hybrids by centrifugation through a preformed Percoll gradient 
(density 1.05-1.09 g ml ') at 1,000g for 20 min. a, Unfused mixture of human erythrocyte ghosts and rat polymorphonuclear leukocytes; b, hvbrid cells, showing the 
granules associated with the polymorphonuclear leukocyte portion of the hybrid and the clear cytoplasm associated with the ghosts, Cells and hybrids were stored for 
24 h at 4°C before the photographs were taken. 


Human erythrocyte ghosts containing obelin were prepared 
by a modification of the ‘pre-swell’ method of Rechsteiner”. Rat 
polymorphonuclear leukocytes were prepared after intraperi- 
toneal injection of sodium caseinate’. Fusion was achieved by 
resuspending a mixture of erythrocyte ghosts and poly- 
morphonuclear leukocytes in a medium containing Sendai virus 
(Fig. 1). More than 99% of cells in the final preparation were 
hybrids, as observed by light microscopy (Fig. 1). Oxygen radical 
formation detected by chemiluminescence was used to monitor 
a Ca**-dependent response in the hybrids”. A major problem 
associated with using Sendai virus as a fusogen has been that the 
virus causes cell lysis. A crucial factor in our method is the use of 
uranyl acetate in the fusion medium’, which reduces virus- 
induced haemolysis of the ghosts from 89% to 2.5%, as 
measured by haemoglobin release. A second important feature 
is the absence of extracellular Ca** during fusion. Although the 
role of intracellular Ca?* in cell fusion is controversial'’, we have 


A 
(13° 
: serine 
A 
A 


Luminol 








Obelin 


demonstrated that an increase in intracellular free Ca** is an 
early event in ghosts exposed to Sendai virus and occurs before 
fusion (P. Fuchs, M.B.H and A.K.C., unpublished observa- 
tions). Thisriseinfree Ca* * cancauseconsumptionof >90% ofthe 
obelin. However, because this large rise in free Ca** is not 
essential for fusion, extracellular Ca™ was omitted from the 
fusion medium so as to maintain the obelin active in the hybrids. 
The hybrids were capable of responding to a phagocytic stimulus 
(latex beads), which induces the production of oxygen radicals, 
detected by luminol-amplified chemiluminescence’*. The 
response of the hybrid cells to latex beads was 50-80% of that in 
the unfused polymorphonuclear leukocytes. 

We have developed a method''*’’ for quantifying the extent of 
fusion between the erythrocyte ghosts and polymorphonuclear 
leukocytes using the activation of complement by two antisera, 
one specific for the human erythrocyte ghosts and the other 
specific for the rat polymorphonuclear leukocytes. Formation of 


Fig. 2 Obelin luminescence and lumi- 
nol-amplified chemiluminescence from 
unfused cells and hybrids. Approximately 
5x10° hybrids or 10’ total cells in the 
unfused mixture were resuspended in 
500 ul of Krebs-Ringer HEPES buffer 
(120mM NaCl, 4.8mM KCl, 1.2mM 
MgSO,, 1.2 mM KH,PO,, 1.3 mM CaCl, 
0.1% bovine serum albumin, (w/v), 
25mM HEPES, pH7.4) and prein- 
cubated for 2 min at 37°C with either 
anti-human erythrocyte antisera (20 ul) 
(a, b) or anti-polymorphonuclear antisera 
(20 ul anti-rat 5'-nucleotidase antiserum) 
(c,d). Oxygen radical formation was 
monitored after addition of 10uM 
luminol to the extracellular medium 
by chemiluminescence (a,b). Obelin 
luminescence was monitored in the 
absence of luminol and consumption of 
obelin was demonstrated by addition of 
Triton X-100 (scintillation grade 2%, 
w/v) at the end of the time period (TX), 
allowing all remaining obelin to be stimu- 
lated (c,d). Values in parentheses show 
the % obelin consumed. a, ¢ Show 
responses from hybrids and 4, d responses 
for unfused cells. At the arrow, human 
serum (50 ul in 500 ul of Krebs-Ringer 
HEPES buffer) as a source of complement 
was added to the suspension. The vertical 
scale shows luminescent counts per 
A second (c.p.s.) and the horizontal scale 
TX shows time. 
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the complement terminal attack complex on the ghost 
membrane results in a rapid rise in the intracellular free Ca** 
concentration after binding of complement component C9 (ref. 
12). Activation of complement by anti-rat polymorphonuclear 
leukocyte antibody bound to the polymorphonuclear leukocyte 
surface stimulates oxygen radical formation from the poly- 
morphonuclear leukocyte, and this effect also requires’ Ca’* 
and complement component C9. After fusion of the erythrocyte 
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Fig. 3 Relationship between intracellular Ca?” and oxygen radical 
production from the hybrids. Hybrids were stimulated with anti-poly- 
morphonuclear leukocyte antibody plus complement as described in Fig. 2 
legend, a, Obelin luminescence; b, the cytoplasmic Ca** estimated from a. 
The rate constant of obelin luminescence was calculated from a at various 
times, and converted to a free Ca** concentration by reference to a cali- 
bration curve relating rate constant to free Ca** in the presence of 2 mM 
Mg” (see ref. 12). c, The luminol-amplified chemiluminescence resulting 
from oxygen radical formation, accompanying stimulation of the hybrids. 
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Fig. 4 Consumption of obelin in hybrids stimulated by chemotactic 
peptide. Total active obelin remaining in the hybrids after various times of 
incubation was measured by addition of 1% Triton X-100 (scintillation 
grade} in Krebs-Ringer HEPES buffer to samples of the suspension to 
stimulate all remaining active obelin. a, Incubation at 37 °C with N-formyl- 
L-methionyl-.-leucyl-.-phenylalanine (14M dissolved in dimethyl 
sulphoxide, final concentration 0.1%). b, Dimethyl sulphoxide (0.1% v/v) 
alone. From the curves the mean rate constants of obelin consumption were 
calculated and compared with calibration curves of obelin luminescence 
against Ca** concentration. Assuming the free Mg’* concentration within 
the hybrid to be ~2 mM, the free Ca** concentration within the hybrids was 
estimated to be 0.7 uM (a) and 0.3 uM (b). 


ghosts with polymorphonuclear leukocytes, observed micro- 
scopically, complement activation by anti-rat polymorpho- 
nuclear leukocyte antibody stimulated obelin luminescence and 
complement activation by anti-human erythrocyte antibody 
stimulated oxygen radical formation from the hybrids (Fig. 2). In 
contrast, no obelin response was detectable from the unfused 
cell mixture when complement was activated by anti-rat poly- 
morphonuclear leukocyte antibody and no oxygen radical 
formation was detectable when complement was activated by 
anti-human erythrocyte antibody (Fig. 2). In the conditions 
described for Fig. 1, 60-80% of the obelin originally entrapped 
in the ghosts was transferred to the hybrids. 

An important application of this fusion technique is the 
quantification of cytoplasmic free Ca?” in both resting and 
stimulated cells. The cytoplasmic free Ca** in the hybrids was 
estimated by relating the rate constant of obelin to free Ca** 
(refs 1, 12). Before fusion, the resting free Ca** concentration in 
the ghosts. in the presence of external calcium (1 mM), was 
~0.5 uM. However, the estimated resting free Ca** in the 
hybrids was lower, ~0.1-0.3 M assuming an intracellular free 
Mg’ concentration of 2mM. Activation of complement by 
anti-polymorphonuclear leukocyte antibody bound to the 
hybrid surface resulted in a rise in intracellular free Ca** which 
reached a plateau of 8 uM within 1 min (Fig. 3). The initial rise 
in intracellular free Ca** preceded that in luminol-dependent 
chemiluminescence by ~40s. The chemotactic peptide 
N-formyl-L-methionyl-L-leucyl-L-phenylalanine stimulated 
oxygen radical formation in the hybrids, detected by luminol- 
dependent chemiluminescence. It also stimulated a prolonged 
increase in obelin consumption, the mean free Ca”* concen- 
tration over 30 min corresponding to ~0.7 uM, twice the resting 
cytoplasmic Ca** concentration (Fig. 4). Phagocytic stimulation 
of the hybrids produced a low level of endogenous luminescence 
which was not caused by obelin but was the result of oxygen 
radicals formed within the cells. No obelin luminescence was 
observed above this endogenous luminescence, and no 
increased consumption of obelin was observed. We conclude 
that this phagocytic stimulus did not cause a prolonged rise in 
intracellular free Ca?*, despite the fact that oxygen radical 
formation required extracellular Ca** and was blocked by the 
calmodulin inhibitor trifluoperazine’. The extent of oxygen 
radical formation caused by various stimuli did not, therefore, 
correlate with the length of time of the increase in free Ca*’. 

The presented method, although limited to cells which will 
fuse with erythrocyte ghosts, has applications for incorporating 
other indicators into the cytoplasm of hybrids which are still 
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capable of responding to a cell stimulus. For example, the 
chemiluminescent compound luminol, which has been used 
here extracellularly (Figs 2, 3) to monitor oxygen radicals 
within the phagosomes, has also been incorporated into the 
cytoplasm of the hybrids to monitor cytoplasmic oxygen radical 
formation. Furthermore, macromolecular inhibitors of cell 
function, such as antibodies, can be incorporated into the 
hybrids'*. The uniform distribution of these compounds within 
our hybrids has been demonstrated by observing fluorescein- 
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labelled albumin and immunoglobulin originally entrapped in 
the ghosts. This method therefore provides cell biologists with 
an exciting new tool for studying chemical changes in living cells. 
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A formalin-inactivated hepatitis B virus (HBV) vaccine has 
been produced in several laboratories (for review, see ref. 1). 
The sole source of material for these vaccines has been 22-nm 
lipoprotein particles composed of hepatitis B surface antigen 
(HBsAg) and derived from plasma of persons chronically 
infected with HBV. Such a source presents potential hazards in 
view of unknown factors that may be present in the plasma, and 
as high-risk populations are immunized, sources of plasma 
containing large quantities of HBsAg will become scarce. In 
addition, no tissue culture system has been developed for the 
propagation of HBV. The possibility of a synthetic peptide 
vaccine’ for HBV had been suggested’ following studies 
carried out with tobacco mosaic virus** and MS-2 coliphage’. 
This possibility recently became a reality when the amino acid 
sequence for HBsAg was deduced from the nucleotide sequence 
of the cloned HBV genome (for a review, see ref. 7). More 
recently a portion of the major polypeptide derived from 
HBsAg, with a calculated molecular weight of 25,000 (P25), has 
been sequenced’. Lerner et al.’ have described a similar 
approach towards HBV synthetic peptides. Antibody to HBsAg 
(anti-HBs) was raised in rabbits inoculated with three or four 
doses of a series of peptides, each containing 14-15 amino acid 
residues, but only after covalent linkage of the peptides to a 
carrier protein. Activity was also found after multiple injections 
of a peptide containing 34 amino acids. We have now 
synthesized two cyclic peptides containing disulphide bonds, 
both unrelated to those prepared by Lerner, from a hydrophilic 
region of the major viral polypeptide, which elicited an antibody 
response in mice after a single injection without linkage to a 
protein carrier. 

The first major step in our work was the selection of those 
amino acid residues containing specific HBsAg determinants 
using a computer analysis of the amino acid sequence of P25 to 
predict the secondary structure of the molecule according to the 
technique of Chou and Fasman’®’. The protein hydrophobicity 
was estimated using the amino acid assignments of Bull and 
Breese'’. HBsAg was found to contain predominantly £ struc- 
ture interrupted with a series of 8 turns. Three highly hydro- 
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phobic regions are located between residues 1 and 42, 66 and 
108, and 146 and 226, and two hydrophilic regions between 
residues 43 and 65, and 109 and 145. The latter hydrophilic 
regions are probably exposed on the intact particle and, 
consequently, 8 turns in these regions would represent poten- 
tially exposed antigenic determinants. 

The region between amino acids 117 and 137 was chosen for 


_ our first synthesis because a cyclic disulphide could be formed 


between Cys 124 and Cys 137 (see Fig. 1). Thus by locking the 
conformation of the potential 8 turns at residues 129-132 and 
135-137, we expected to obtain a polypeptide more native in 
structure’. A serine was substituted for the cysteine at position 
121 in the ayw sequence to allow formation of a single cyclic 
disulphide. Lysine was substituted for Arg 122 to provide a 
handle for cross-linking to other proteins, if needed, before 
injection into animals. The selected peptides were synthesized 
by solid-phase methodology? on a Schwarz Bioresearch 
synthesizer modified for computer control’*. Butyloxycarbonyl- 
S-p-methoxybenzyl-L-cysteine was coupled to p-hydroxy- 
methyl-phenylacetamidomethyl polystyrene using dicyclo- 
hexylcarbodiimide with a catalytic amount of 4-N,N -dimethyl- 
aminopyridine’*’'®; the loading was 0.09 mM per g of resin. For 
the synthesis, the a-amino groups were protected with t-buty- 
loxycarbonyl (t-BOC) and the side chain-protecting groups 
were as follows: benzyl ethers for the hydroxyl of serine and 
threonine, dichlorobenzyl ether for the phenolic hydroxyl of 
tyrosine and carbobenzoxy for the e-amino group of lysine. 
Trifluoroacetic acid (40% in CHCl} was used to remove the 
t-BOC, and the resulting salt was neutralized with N,N-diiso- 
propylethylamine (5% in CH,Cl,). Dicyclohexylcarbodiimide 
was used to couple the t-BOC amino acids; hydroxy- 
benzotriazole was added to the coupling reaction of glutamine to 


Peptide | 
Xa, Lys 
122 
| 
y 
Ser — Cys == Cys -—— Met — Thr 
j 137 124 | 
Pro Thr 
| i 
Tyr Ala 


| i 
Met — Ser — Thr — Gly — Gin 


Peptide 2 contains 5 additional amino acid residues; 


Ser - Thr - Gly - Pro ~ Ser - X 
117 121 


Fig. 1 Amino acid sequences of synthetic peptide 1 (molecular 
weight 2,219) and peptide 2 {molecular weight 2,739). 
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suppress side chain dehydration. The specific steps of the 
synthesizer programme have been published elsewhere’™'’. 

The protecting groups were removed and the peptide was 
cleaved from the resin at 0 °C with anhydrous hydrogen fluoride 
containing 10% anisole and 1% ethanedithiol as scavengers. 
The HF reagent was removed under vacuum at 0°C, and then 
the peptide was precipitated and washed with anhydrous ether. 
After extraction of the peptide from the resin with 
trifluoroacetic acid, the solvent was evaporated at 15 °C and the 
peptide again precipitated with ether. The ether was decanted 
after centrifugation and the pellet dissolved in 1M Tris/6M 
guanidine hydrochloride; the pH of this solution was immedi- 
ately adjusted to 8. The solution was desalted on a BioGel P-2 
column equilibrated in 0.1 M ammonium bicarbonate, and the 
peptide-containing fractions were pooled and lyophilized. 

The cyclic disulphide was formed by oxidation of a dilute 
solution of the peptide with potassium ferricyanide according to 
the procedure of Felix er a/.'*. The solution was lyophilized and 
desalted on a BioGel P-2 column, and the peptide further 
purified by ion-exchange chromatography at 4 °C on a column of 
SP-Sephadex equilibrated in 0.02M NaH,PO,/6M_ urea, 
pH 3.74. The material eluted with a linear gradient of 800 ml of 
0.02 M NaH,PO,/6 M urea and 800 ml of 0.15 M NaCl/0.02 M 
NaH,PO,/6M urea, pH 3.74. The peptide was located by 
measuring the absorbance at 275 nm. 

After desalting on Bio-Gel P-2 in ammonium bicarbonate 
and lyophilization, we found that each peptide had the expected 
amino acid composition by amino acid analysis (Table 1) and 
eluted as a major peak on C,,-reverse-phase HPLC in a linear 
gradient of 1% triethyl ammonium phosphate, pH 3.2, and 
2-propanol. 

P25 was derived from a purified preparation of HBsAg after 
solubilization by heating at 100 °C for 2 min in 0.5 M urea/1% 
SDS/1% 2-mercaptoethanol’’. The soluble polypeptides were 
fractionated by cylindrical polyacrylamide gel electrophoresis 
(PAGE) in 10% gels. (P25 was designated P22 in our previous 
studies’’* based on molecular weight estimations by PAGE.) 
The SDS-denatured linear P25 polypeptide, which is known to 
contain 226 amino acid residues, was used as a control for our 
immunogenicity studies. 

The two synthetic peptides (117-137 and 122-137) were 
incorporated into a series of adjuvant vehicles for immunization 
of mice. Equal volumes of immunogen and Freund’s complete 
adjuvant (FCA) were emulsified to give a final peptide concen- 
tration of 50 ug per 0.4 ml. The alum-absorbed preparations 
were prepared as described previously”? with hydrated alu- 
minium potassium sulphate, to give a final suspension containing 
50 ug peptide per 0.4 ml. Large multilamellar liposomes were 
prepared from a mixture of dipalmitoylphosphatidylcholine, 
cholesterol and dipalmitoylphosphatidic acid in a molar ratio of 
2.0:1.5:0.2 respectively”. Dried lipid films were dispersed by 
vortexing in an aqueous medium at a phospholipid concen- 
tration of 20 mM. Liposomes were swollen in solutions contain- 
ing either 100 ug of peptide per ml or 100 ug of peptide plus 
lmgml™' muramyl dipeptide (MDP; Sigma). To ensure that 
comparable doses were given in each case, untrapped antigen 
was not removed. Previous studies have indicated that ~60% of 
HBsAg materials were associated with liposomes prepared in 
these conditions”’. Final liposome concentrations were adjusted 
such that each animal received 6 mmol phospholipid and 25 ug 
peptide with or without 250 ug MDP in a volume of 0.3 ml. 

Groups of six female BALB/c mice were immunized 
intraperitoneally with each of the above preparations. The mice 
were bled from the tail vein on days 7, 14 and 21, Samples were 
assayed at a serum dilution of 1:4 using a commercial solid- 
phase radioimmunoassay (Ausab, Abbott, Chicago). Anti-HBs 
concentrations are expressed as milli-International Units per 
millilitre (mIU ml") based on the international reference pre- 
paration of anti-HBs (lot 26.1.77) provided by the International 
Laboratory for Biological Standards, Central Laboratory of the 
Netherlands Red Cross Transfusion Service. A computer 
nonlinear regression program, BMDP3R’', was used to 





Table 1 Amino acid composition of synthetic peptides 





Peptide Peptide 
Amino acid 122-137 117-137 Ser 121 
Threcnine* 3.75(4) 4.67(5) 
Serine” 1.93(2) 3.55(4) 
Glutamic acid 1.06(1) 1.06(1} 
Proline 0.85(1) 1.92(2) 
Glycine 1.0001) 2.00(2) 
Alanine 0.99(1) 1,08(1) 
Half cystine? — (2) — (2) 
Methionine 1.87(2) 1.87(2) 
Tyrosine 0.99(1) 0.93(1) 
Lysine 0.93(1) 0.9211) 





Analyses were performed on a Beckman model 121 amino acid 
analyser after hydrolysis in vacuo for 24h at 110°C in 6 M HCL The 
theoretical values are given in parentheses. 

* Values are not corrected for destruction during hydrolysis. l 

t Half cystine was present in the amino acid analysis but was not 
integrated. 


describe the standard dose-response curve for the WHO inter- 
national reference preparation from which the potency of each 
of the samples was obtained”’. 

The results given in Table 2 show that (1) approximately 50% 
of the mice in each group produced detectable levels of antibody 
7 days after inoculation of either the synthetic peptides or the 
P25 polypeptide; (2) the adjuvant vehicle—FCA, alum, 
liposomes, or liposomes with incorporation of MDP—did not 
significantly affect the primary antibody response; (3) in several 
groups the antibody response was greater on day 14, as shown by 
either the increased anti-HBs concentrations or the number of 
mice in each group which responded; (4) on day 21, the peak 
levels of antibody response in most groups of mice decreased: 
and (5) the antibody response in mice inoculated with purified 
SDS-denatured P25 was similar to that observed with the 
synthetic peptides. 

When sera from each group of positive mice on days 7, 14 and 
21, respectively, were pooled and fractionated by ultracen- 
trifugation in 10-40% (w/v) preformed sucrose gradients”*, IgG 
antibody was localized in the intermediate fractions and IgM 
was detected in the rapidly sedimenting fractions. Typical IgM 
and IgG responses were seen in each group, with one exception: 
there was no IgG in the group of mice injected with peptide 
122-137 emulsified with FCA. 

Early work with a plant virus model using tobacco mosaic 
virus” and the bacterial virus model using MS-2 coliphage® 
clearly demonstrated the immense potential of preparing 
immunclogically active synthetic peptide analogous to amino 
acid sequences in an animal virus protein. The present results 
indicate that amino acid residues localized in the major HBsAg 
polypeptide, P25, between residues 117 and 137—or more 
specifically, 122 and 137—-contain a determinant that elicits the 
production of antibody of similar specificity to that produced by 
immunization with the SDS-denatured linear virus P25 poly- 
peptide’’. These findings are similar to those reported recently 
by Lerner et al.”, who prepared a series of synthetic peptides 
containing segments of the P25 HBsAg polypeptide. Four of 
their peptides (2-16, 22-35, 48-81 and 95-109) elicited the 
production of antibody in rabbits which reacted with HBsAg. 


Synthetic peptides of residues 134-146 and 138-149 (refs 24 ; 


and 25 respectively) of P25 have also been prepared. These 
peptides, which have several amino acids (138-146) in common, 
were both antigenically active in that each reacted with pre- 
parations containing specific anti-HBs activity and they blocked 
antibody reactivity of sera of animals immunized with intact 
HBsAg. There have been no reports regarding their immuno- 
genic activity. The amino acid sequences of the six unique 
immunogenic synthetic peptides included in our study and the 
above studies have nothing in common except the similarity 
noted above (residues 138-146) and the overlapping of four 
carboxyl amino acids of the peptides synthesized in our labora- 
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Table 2 Anti-HBs concentrations in mice immunized with synthetic HBsAg 
peptides 117-137 and 122-137 





Range of antibody concentrations 


Immunizing postinjection (mIU m`’) 

preparation Day 7 Day 14 Day 21 
117~137-FCA 3.5~8.6(4/6) 3.2-10.3(5/6) = 2.6-13.9(3/6) 
122-137-FCA 3.6-5,8(3/6) 5.9-11.9(3/6}  17.3-25.9(3/6) 
117~137~alum 3.0~7.3(2/6) 2.8~12.6(3/6)  3.4~4.5(2/6) 
122-137-alum 2.1-14.5(4/6)  2.5-10.0(3/6) — 5.0-6.4(2/6) 


2,1-15.4(3/6) 
3.6~8.8(3 /6) 


2.0-12.8(4/6) 
5.2-12.0(3/6) 


117-137-liposomes 
122-137-liposomes 
122-137~liposomes 

+MDP 2,.1~23.7(4/6) 
P25 polypeptide~alum  2.1~17.2(6/6) 


5.6-11.8(3/6) 


2.9~21,0(3/6) 
2.5~10.5(5/6) 


6.8-~-40.0(2/6) 
7.1-12.5(2/6) 


Only positive antibody values are listed. Numbers in parentheses represent 
number of mice with an anti-HBs response over total number of mice in each 


group. 


tory with the initial four residues at the amino terminus of the 
peptide synthesized by Vyas’*. Thus a number of different 
amino acid sequences can elicit production of antibody which 
specifically reacts with HBsAg. It will be essential to immunize 
susceptible chimpanzees with several of these peptides to ascer- 
tain which elicit(s) the production of protective antibody, as we 
have done with the purified P25 polypeptide’. In addition, it 
will be of interest to learn which sequences contain the cross- 
reacting ‘a’ antigenic determinant and which contain the 
subtype-specific determinants. We selected residues 117-135 
because this region is highly hydrophilic, and shows great varia- 
tion among the published sequences and therefore may contain 
the subtype-specific determinants**. It may be found necessary 
to use more than one of these peptides to produce a highly 
effective vaccine. 

Note that Lerner et al.” elicited an antibody response to their 
smaller (14-15 residues) peptides only after repeated inocula- 
tion of covalently attached material to a carrier protein. In our 
study, we observed an antibody response to each peptide (117- 
137 or 122-137) without using a carrier protein. The greater 
immunogenicity of our peptides, shown by the detection of 
antibody activity 7 days after a single injection of peptide, may 
be because our peptides, consisting of 16 or 21 amino acid 
residues, contain a determinant which is more immunogenic. 
Alternatively, disulphide cyclization may be important in lock- 
ing the secondary structure of a potent immunogen. 

The incorporation of various adjuvant vehicles and/or pro- 
tein carriers should help to increase the immunogenicity of these 
synthetic peptides. This approach may offer advantages in the 
production of a vaccine against the hepatitis B virus, since the 
relative immunogenicity of the HBsAg-derived polypeptides is 
considerably less than that observed for intact HBsAg 22-nm 
particles’’, 
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New Epstein-Barr virus variants 
from cellular subclones of 
P3J-HR-1 Burkitt lymphoma 
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The P3J-HR-1 (HR-1) line contains unique Epstein-Barr 
viruses (EBVs) which fail to immortalize lymphocytes or to 
induce lymphomas’ ~. Virus from Jijoye, the parent of the HR-1 
clone, retains lymphocyte-immortalizing ability“. Because the 
HR-1 virus population is a mixture, it has not been possible to 
identify conclusively the genomic alterations responsible for the 
nontransforming phenotype’. Submolar fragments produced by 
restriction enzyme digestion and the variety of patterns found 
after partial denaturation are evidence for heterogeneity in 
HR-1 virion DNA*”’, To determine whether every cell carried 
this virus mixture, or whether the line consisted of cells carrying 
different variants, we separated the mixture by cell subcloning 
into new variants, which are found to be distinct from parental 
HR-1 virus both biologically and in genome structure. 

HR-1 cells were cloned in agarose with an efficiency of 37% 
(refs 10, 11). The copy number of EBV genomes in 29 subclones 
derived in two experiments (FF452, GG68) was determined by 
nucleic acid spot hybridization’? (Fig. 1a). The parental HR-1 
line contained ~300 genomes per cell; all subclones had lower 
copy numbers, between 3 and 22 genomes per cell. Following 
treatment with 12-O-tetradecanoyl-phorbol-13-acetate (TPA) 
which induces viral DNA synthesis in the HR-1 line’*, there was 
an increase, to a minimum of 200 EBV DNA copies per cell, in 
each of the clones (Fig. 15). However the response to TPA was 
exaggerated in five clones (GG68 nos 5, 11, 13, 17 and 19) which 
after treatment contained 3,000-6,000 EBV DNA copies per 
cell. These clones are called ‘superinducible’. The same five 
clones released large amounts of viral DNA (4x 10’-4x 10° 
genomes per ml) into the culture supernatants after treatment 
with TPA (Fig. 1c). Differences in content of viral DNA cor- 
related with levels of viral capsid antigen (VCA). In all clones 
antigen expression (<1%) was markedly below the 10% 
antigen-positive cells found in the HR-1 line. Following treat- 
ment with TPA, 50-80% of cells in the five superinducible 
clones became antigen positive; only slight enhancement of 
VCA expression was seen in the rest of the clones. 

These data indicated heterogeneity among subclones in the 
extent of viral replication. None of the 29 clones spontaneously 
released EBV in amounts comparable with the parental line. 
Cloning of the spontaneous producer may require less stringent 
conditions. Spontaneous viral particle synthesis in the HR-1 line 
may involve interaction between different viruses in the line. 
The superinducible clones will be useful in further studies: as 
some yield 10-20 times more viral DNA than the parental HR-1 
line, they may help in analysis of genome structure and repli- 
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Fig. 1 Estimation of EBV DNA content of the HR-1 line and its subclones by nucleic acid spot hybridization. Each filter was probed with 
1-5 x 10° c.p.m. of nick-translated **P-labelled EBV DNA repared with 300 ng of HR-1 DNA. a, Genome content of 29 subclones and the 
HR-1 parent without TPA treatment. Each spot contains 10° cells collected 6 days after subculture. BJAB cells (EBV genome negative) serve as 
negative control. Autoradiograph exposed for 18 h. b, Genome content of 24 subclones and the HR-1 parent with TPA treatment. Each spot 
contains 10° cells collected 6 days after subculture with 20 ng ml ' TPA. The positive control was 10° and 10° Raji cells; the negative control was 
10° and 10* BJAB cells. Neither BJAB nor Raji was treated with TPA. c. Genome content of supernatant fluids from 24 subclones and the 
HR-1 parent collected 14 days after subculture in the presence of 20 ng ml‘ TPA. 10° and 10° Raji cells (no TPA treatment) served as positive 
control. Raji supernatant fluid (SF) which does not contain virions was negative control. High levels of hybridization seen with fluids in c are seen 
in 6 with intracellular EBV DNA from the same cell clones. Autoradiograph exposure in b and c was 4h. 
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Fig. 2 EcoRI digestion of EBV 
DNA prepared from virions. DNA 
was extracted from virions shed into 
201 of culture supernatants 14 days 
after addition of 20ngml-* TPA. 
Lanes 1-5 contained 600 ng of EBV 
DNA; lanes 6-12 50 ng of DNA. 
Each panel is an autoradiograph of a 
Southern blot hybridized with 
10’ c.p.m. of nick-translated `P- 
labelled HR-1 DNA. Lane 1, HR-1 
parental (LS strain from M. Nonoy- 
ama); 2, HR-1 parent (laboratory 
strain); 3, 4, FF452, clone 3, a 
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cation. Studies of transcription of the EBV genome in the 
absence of productive infection and after TPA induction should 
ultimately clarify mechanisms by which the cell-virus relation- 
ship changes from latency to virus production. 

We next analysed biological properties of subclonal virus. 
Undiluted supernatant fluid from all clones was cytotoxic and 
failed to immortalize human neonatal lymphocytes; further- 
more, transforming activity could not be demonstrated in five 
clones (FF452 nos 1-5) tested by the more sensitive method of 
X-ray irradiation and co-cultivation’*. Virus from two clones 
interfered with lymphocyte transformation by the B95-8 strain 
of EBV. Subclonal viruses thus resembled the parental HR-1 
strain in lack of immortalization, cytotoxicity and interference 
with transformation. 

Unconcentrated HR-1 virus, grown in the presence or 
absence of TPA, caused 15-30% of Raji cells to develop early 
antigen (EA) 72 h after infection**. In contrast EA synthesis was 
not stimulated in Raji cells infected by clonal virus obtained 
without TPA, or by a pool of supernatants from all 29 subclones 
which had been concentrated 35-fold. Although virus stocks 
from superinducible clones after TPA treatment contained 
more viral DNA than did stocks of parental HR-1 virus, they 
still lacked the capacity to cause EA synthesis. As subclonal 
virus lacking EA-inducing capacity is cytotoxic and inhibitory to 
transformation, EA induction and cytotoxicity must be distinct 
functions. 

To correlate biological properties with genome structure we 
examined DNA from virions shed by the HR-1 line, four of its 
cellular subclones (two superinducible, two moderately in- 
ducible) and two lines which release immortalizing virus B95-8 
and FF41 (refs 16-18) (Fig. 2). Among fragments of HR-1 
virion DNA digested with EcoRI were many heterogeneous 
bands (the larger are labelled ‘ABC het’ and the rest are 
indicated with arrows in Fig. 2). Two stocks of HR-1 DNA from 
different laboratories could be distinguished by the relative 
prominence of ‘het’ fragments. Neither ‘ABC het’ nor smaller 
‘het’ fragments were found in DNA of the four HR-1 subclones 
nor in the two transforming viruses. 

Several differences were found between the DNAs of 
nontransforming viruses (parental HR-1 and its subclones) and 
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the two transforming strains (Fig. 2). These will be described 
fully elsewhere (M.R. and G.M., in preparation) but briefly: 
EcoRI A is consistently larger in both transforming viruses than 
in the four nontransforming HR-1 subclones, as has previously 
been shown for the HR-1 parent'*~*’, due to a 1.95 megadalton 
deletion of BamHI Y and part of BamHI H. In HR-1 and its 
clones, EcoRI G, is replaced by two new fragments, EcoRI I' 
and J’ (ref. 21). EcoRI D, the right terminus, is larger in HR-1 
than in either transforming virus. In the HR-1 clones there is loss 
of one restriction site between BamHI B and G and another 
between BamHI W' and I’. There is also a deletion in BamHI L 
(~5x10* daltons) and an insertion in BamHI P (~6~x 10° 
daltons) in the nontransforming virus. Thus differences between 
transforming and nontransforming variants are scattered over at 
least six regions of the genome; however there is extensive 
homology and general similarity in genome organization 
between transforming and nontransforming EBVs***'. It 
remains to be determined which lesions found in the genomes of 
HR-1 clones are also present in the Jijoye line which retains the 
transforming component. 

Absence of ABC het and smaller het fragments from the 
EcoRI digestion pattern of subclonal viral DNA suggested that 
heterogeneity had been eliminated by cell cloning. To prove this 
point we hybridized Southern blots, containing EcoRI digests of 
HR-1, subclone and transforming virion DNA, with probes 
prepared from individual BamHI fragments of EBV DNA 
contained on chimaeric plasmids'® (Fig. 3). The probes were 
fragments BamHI W, R and I which are found, respectively, in 
EcoRI fragments A, B and C'’"*, Virion DNA from two HR-1 
cell subclones and from two transforming viruses each contained 
only one major fragment with homology to the probes. In 
contrast there were at least three or four size variants of EcoRI 
‘A’, ‘B’ and ‘C’ in parental HR-1 DNA. 

These new subclonal mutant EB viruses will be useful in 
deciphering functions of the EBV genome. They could allow 
unambiguous mapping of the transforming region and should 
also help identify the genes responsible for EA induction in Raji 
cells. An attractive hypothesis is that EA induction by HR-1 
virus is due to DNA represented by one or more ABC het 
fragments which were eliminated by cellular cloning. 
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The rapid evolution’ and maternal mode of inheritance’ of 
mitochondrial DNA (mtDNA) make it a valuable marker for 
individuals related by descent from the same female’. We report 
here a study of wild and inbred mice which illustrates this point. 
We have examined mouse mtDNA from various locales in the 
Northern Hemisphere using restriction enzymes that cut the 
molecule at an average of 150 sites and find a high level of 
restriction-site polymorphism in wild mice but no variation 
among the ‘old’ inbred strains. This result is surprising because 
the nuclear genomes of these strains are known to differ greatly 
from one another’. The old inbred type of mtDNA occurs rarely 
in wild mice and differs from other types in the wild by an 
average of 100 nucleotide substitutions. In possible contradic- 
tion of published breeding records, these findings indicate that 
only one female lineage contributed to the formation of all the 
old inbred lines. In addition, our study of new inbred strains 
provides genetic markers that will be useful in mouse develop- 
mental and cell biology. 

Thirty-four samples of Mus domesticus mtDNA were 
obtained from 14 inbred strains and 20 wild mice collected in 
North America, western Europe, North Africa and the Near 
East. (The name Mus domesticus has been coined for a newly 
recognized species that includes the common laboratory strains 
and the wild mice populations formerly classified as the sub- 
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Fig. 1 Electrophoresis of 10 mouse mtDNAs. After purifying 
mtDNA from tissues of single mice and digesting it with Mbol, the 
fragments were labelled and separated by electrophoresis as 
described elsewhere*’. Lanes 1-3 show the identity of fragment 
patterns for three old inbred mice, CS7BL, BALB/c and SWR. 
Lanes 4-9 show variation among six wild mice whose fragment 
patterns correspond to those indicated by small letters in Table 1. 
The animals are from diverse geographical areas: Maryland 
(USA), Egypt, Switzerland, Morocco, Yugoslavia and Denmark. 
Lane 10 shows the fragment pattern of a new inbred strain, 
SF/Cam, founded from a wild mouse in California. The sizes in 
base pairs (bp) of the size standards (PM2 phage DNA digested 
with HindIII) are indicated on the right. 


species M. musculus domesticus, M. musculus brevirostris and 
M. musculus praetextus®. This species differs substantially from 
M. musculus, the house mouse of eastern Europe (formerly 
known as the subspecies M. musculus musculus), in anatomy, 
behaviour and protein structure’, as well as in mtDNA struc- 
ture’. Moreover, the two species are almost completely isolated 
from each other genetically due to geographical and multiple 
sterility barriers.) The sources of the 34 mtDNA samples are 
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Table 1 Fragment patterns of mitochondrial DNA found in wild and inbred mice 
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Origin Differences from inbred 
strain 
Sample Strain or State or Fragment pattern Fragment Point 
no. locality country Fnud¥l Haelll Hinfl Hpall Mbol Taqi Avali Acci Hincll Hind] Xbal patterns mutations 
Wild mice 
1 Buellton California a a a a a a a a a a a 9 0 
2 Vejrumbo Denmark* a a a a a a a a a a a 0 0 
3 San Pablo 1 California a a b a a a b a a a a 2 23 
4 Centerville Maryland a a a a b a c a a a a 2 28 
5 San Pablo 2 California a a b b a a b a a a a 3 4] 
6-7 Napa, Orinda California a a c a a b a a a b a 3 66 
8 Faiyum Egypt a a d a c c c a a b a 5 198 
9 Giza Egypt a a e a d d c a a b a 5 165 
10 Erfoud Morocco a a f c e g a a a b a 5 116 
11 Viborg Denmark” a b g a a f a b b a a S 132 
12 Petaluma California b a h a c d a a a b a 5 182 
13-15 Evansville Indiana b a h a c d a a a b a 5 182 
16 Nyon Switzerland a c i a f d a a £ b a 6 182 
17 Jerusalem Isreal a b j a E b c c b b a 8 182 
18 Azrou Morocco a b j b g g d € b b a 9 215 
19 Metkovic Yugoslavia a d k d h b c c b b a 9 182 
20 Skive Denmark* a b | a i b d b b b b 9 230 
Inbred mice 
1-9 Old inbreds Various a a a a a a a a a a a 0 0 
10 MOR Ohio a a a a a a a a a a a D Q 
11 PAC Pennsylvaniá a a b a a a a a a a a 1 12 
12 18/Cam/J Israel a c m a f d a d a b a 6 182 
13 SF/Cam/J California a e n a j h c a 5 b a 7 198 
14 §K /Cam/JEi England a e n a j h c a 5 b a 7 198 


a At 


Point mutations were estimated by multiplying the number of base pairs (16,295) in mouse mtDNA by the number of base substitutions per base pair (calculated from 
the fraction of restriction fragments in common by the method of Nei and Li’). Old inbreds are BALB/cJ, C57 BL/6J, C58/J, DBA/2N, SWR/J, AU/SsJ, C3H, PL/J and 


AKR/Cu. A cell line (LA9) represented the C3H strain. 


* The Danish populations are classified as another species (M. musculus) on the basis of morphological and protein evidence“, but possess M. domesticus DNA, probably 
owing to introgression’. The three populations are close to the zone of contact with M. domesticus if 


given in Table 1. Nine of the inbred strains were established over 
40 yr ago and are designated as ‘old’. The five other inbred 
strains were established within the last 30 yr* from female house 
mice caught in the wild. 

Highly purified preparations of mtDNA were digested with 
11 restriction enzymes, producing, on average, 150 restriction 
fragments per mouse. The fragments produced by each enzyme 
were separated electrophoretically, as shown for 10 mice in 
Fig. 1. We detected 58 fragment patterns; Table 1 shows their 
distribution among the 34 samples. The mice are ordered 
according to increasing number of pattern differences from the 
most common inbred type. 

We found much variation in fragment patterns among the wild 
mice and the new inbred strains but no variation among the old 
inbred mice (see Table 1). Among the 20 wild mice studied we 
found 15 distinct types of mtDNA; one type corresponds to that 
found in the old inbred mice. It was found only twice, once in 
California and once in Denmark. A more recent survey using the 
enzymes HinfI and Mbol revealed six more mtDNA types in 36 
additional wild mice, none of which had the old inbred type 
(R.D.S., S.D.F. and A.C.W., unpublished observations). The 
frequency of occurrence of the old inbred type is therefore 0.04 
in the wild mice tested. 

The extent to which these DNAs differ in nucleotide sequence 
from the old inbred type may be estimated from the number of 
fragments they have in common’. These estimates are based on 
the assumption that the differences in fragment pattern are due 
exclusively to base substitution. There is evidence in support of 
the assumption that mouse mtDNA evolves almost exclusively 
by base substitution’”’°. The old inbred type is estimated to differ 
from other types of M. domesticus mtDNA by 12-230 base 
substitutions (Table 1). The mean difference of 137 substitutions 
corresponds to almost a 1% sequence difference, which is typical 
of the mtDNA diversity found in other mammal species’ 5. 
Our result deserves emphasis because earlier surveys using 
fewer restriction sites’ and fewer mice‘ seemed to indicate a 
low level of mtDNA polymorphism in wild mice. 

The high level of variation in mtDNA of wild M. domesticus is 


consistent with electrophoretic” and immunological”? evi- 
dence for a high level of-nuclear gene variation in this species. 
However, the absence of mtDNA variation among the old 
inbred strains contrasts sharply with the presence of large 
nuclear differences in these strains’. To account for this, we 
suggest that a single female lineage founded all the old inbred 
strains, the nuclear diversity among these strains being due 
mainly to the mating of this lineage with diverse males. This 
hypothesis agrees with the recorded origins of inbred strains of 
laboratory mice*?*. The nine old inbred strains listed in Table 1 
are thought to stem from a minimum of five different mothers 
which founded the primary strains as follows: DBA (in 1909 
from a random stock at the Bussey Institute, Cambridge, 
Massachusetts), BALB/c (in 1913 from an Ohio pet dealer), 
SWR (before 1920 from a random stock at the Pasteur Institute, 
Paris), PL (before 1922 from a New Jersey pet dealer), and 
C57-C58 (in 1921 from a Massachusetts pet mouse dealer). If 
these five females had been picked at random from the wild, the 
probability of them all having the old inbred type of mtDNA 
seems, from our survey, fo be extremely low (~10~’). It is likely, 
however, that all were from the pet mouse trade****, in which 
case the old inbred type of mtDNA could already have been 
present at high frequency. A high frequency could be the result 
of achance event when the pet mouse population was very small. 
Such an event could have occurred as long ago as 3,200 BP, 
when the white mouse cult began in the temple of Apollo 
Smintheus”’. | | 

Selection, rather than chance fixation, could also explain why 
all the old inbred strains contain the same type of mtDNA and 
thus appear to be descended from one female. A high frequency 
of the old inbred type of mt DNA could be attributed to selection 
for mice bearing this DNA if they were better suited for survival 
in the pet mouse trade. Selection could act in a second way, by 
this DNA type giving mice a better chance of surviving labora- 
tory inbreeding. If this were the case, the five primary strains 
could represent the most successful of many attempts to estab- 
lish inbred lines. As early publications do not record failures to 
establish inbred strains, it is uncertain whether such selection 
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need be invoked. However, a selectionist explanation does not 
account convincingly for the ease with which wild mice give rise 
to new inbred strains possessing other types of mtDNA, for 
example, PAC, IS/Cam and SF/Cam (see Table 1). Further- 
more, our finding of the SF/Cam type of mtDNA in wild mice of 
the San Francisco area (R.D.S., S.D.F. and A.C.W., unpub- 
lished observations) is evidence against the argument that this 
inbred type evolved de novo in laboratory conditions. Given that 
an explanation involving chance fixation could account for the 
data, we think it unnecessary to invoke an additional factor, such 
as selection. 

Contamination of one strain by another also ought to be 
considered in relation to the hypothesis that all the old inbred 
strains trace back to one female in the pet mouse population. 
The five primary strains could have been crossed soon after they 
were established in the laboratory, which would imply that 
published reports are inaccurate in describing the early breeding 
programmes. It is likely that such a mix-up could have occurred 
between 1919 and 1921 when Strong and Little had the found- 
ing stocks of three of the critical strains (DBA, BALB/c and 
C57-C58)***. Any inter-strain matings at this time, while the 
DBA strain was at a low ebb, might reasonably link this strain 
with at least one of the others. 

The reason for suggesting this possibility is that the inad- 
vertent mixing of inbred strains may be a common phenomenon 
even today. There are four recent cases of apparent contamina- 
tion. (1) Festing? has described contamination of the C3H and 
AKR strains, based on nuclear evidence. (2) There is the case of 
the new inbred strain MOR, founded from wild mice in Ohio’, 
whose black coat colour is evidence for the presence of nuclear 
genes from an old inbred strain (probably C57BL/6) in the 
MOR genome, as this coat colour is rare among wild house mice 
in North America. Consistent with the idea of contamination, 
MOR has the old inbred type of mtDNA (see Table 1). (3) Two 
new inbred strains (SF/Cam and SK/Cam), although founded 
by wild females in California and England, respectively, have 
the same rare type of mtDNA (see Table 1). The SK strain 
examined has probably been mixed with the SF strain because 
the mtDNA fragment patterns observed for SK/Cam/Ei differ 
greatly from those reported by Yonekawa ef al,” who used 
another source of SK/Cam mice. In addition, the SK/Cam/Ei 
strain carries several protein variants that are diagnostic of the 
SF/Cam strain (E. Eicher, personal communication). (4) The 
most spectacular example is provided by two non-inbred strains 
of the Japanese house mouse, M. molossinus™®. One strain, 
maintained by Potter at NIH, retains the molossinus type of 
mtDNA, which differs by almost 4 per cent in sequence from 
that of M. domesticus’. The other strain, KL/oci, is derived from 
Potter’s strain and has been propagated in a series of other 
laboratories for >10 yr; KI. /oci now has the old inbred type of 
mtDNA, while retaining proteins characteristic of M. molos- 
sinus. As extensive sampling of wild mice in Japan revealed no 
domesticus-like types of mtDNA"*, this could be the clearest 
case of laboratory contamination of a strain by domesticus mice 
bearing the old inbred type of mtDNA. 

Thus, we propose that the old inbred mouse strains could be 
descendants of a single female that lived as recently as 1920, in 
which case she or her daughters cross-bred with the five primary 
strains of inbred mice. Alternatively, she could have been a 
member of the pet mouse population possibly as long ago as 
3,200 BP. Besides contributing to knowledge of the genealogy 
of old inbred mice, our mtDNA study draws attention to cases of 
contamination of other stocks of laboratory mice and provides 
new genetic markers for use in cell and developmental biology, 
for example, markers for cells in chimaeras. 
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ancestor of human IFN-a@ genes 
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The two major classes of human type I interferons, leukocyte or 
a-interferon (IFN-«) and fibroblast or B-interferon (IFN-8) are 
antigenically distinct and encoded by separate structural genes’. 
Recently, genomic hybridization experiments have demon- 
strated the presence of ~10 or more distinct human IFN-a (Hu 
IFN-a) genes which code for a family of homologous yet 
distinct proteins”, and 8 of these have been identified and 
sequenced’. In contrast, no evidence has been found for mul- 
tiple Hu IFN- genes’, although heterogeneity of Hu IFN-B 
mRNA has been observed**. The coding sequences of Hu 
IFN-@ and IFN-B genes show weak but appreciable homology, 
indicating that they were derived from a common ancestor at a 
remote time’, whereas Hu IFN-a@, (a member of class D) and Hu 
IFN-a, (a member of class A) diverged quite recently (~22 Myr 
ago)’. We report here that all eight known IFN-a genes 
diverged from a common ancestor quite recently, at most 
~26 Myr ago. As mammalian divergence is known to have 
occurred ~75 Myr ago’, this suggests that the IFN-a multigene 
family in primates is distinct in organization from that of other 
mammals. We provide evidence for a much lower rate of 
evolution for IFN-a@ G than for other a-interferons, and a rapid 
evolution of IFN -œ E pseudogene similar to that of other 
pseudogenes” 1, A possible evolutionary origin of size hetero- 
geneity in the 3'-noncoding region of IFN-a mRNAs is also 
discussed. 

A single base change in a codon results in either replacement 
of the encoded amino acid (replacement substitution) or the 
appearance of a synonymous codon (synonymous substitution). 
We shall refer to a site where a single base change leads to 
synonymous (replacement) substitution as a synonymous 
(replacement) site”. At each position in the codon, three 
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Fig. 1 Evolutionary relationships of eight distinct Hu IFN-a 
genes. The tree was constructed as follows. Based on the Ks values 
of pairs of seven functional genes, we first constructed a dendro- 
gram using the clustering method*’. This method gives an average 
value of Ks (Ks) for all pairs of genes between the groups which are 
derived from a particular node. For example, Ks for pairs between 
groups (H, C) and group (F), which are joined to each other at node 
a4, is estimated as 0.127 and that for pairs between groups (H, C, F) 
and (A, D), which are joined at node az, is 0.190, and so on. From 
Ks, we have estimated the divergence times of nodes ap~as as 
described in the text. The estimated times are 26, 23, 21, 20, 14 and 
12 Myr for ap-as, respectively. The date tę corresponding to node 
a, was also estimated from Ks as follows. Let O be the common 
ancestor of G and E; the average difference of synonymous sites 
between O and G is 0.075 as described in the text. Correcting for 
multiple hits using K° = — (3/4) In (1 ~ (4/3)K)"° 7” and dividing 
the corrected value by vs(=5.1 107° per site per yr), the rate of 
change at the synonymous sites, gives fg = 16 Myr. 


different single base changes are possible, of which a fraction (f) 
results in synonymous substitutions, while the remainder 1- f 
leads to replacement substitutions. In the codon UUU, for 
example, the first two positions are replacement sites (f= 0) 
whereas for the last position one-third of changes correspond to 
synonymous sites (f= 1/3). Thus the codon UUU contains 
0.333(=0+0+4 1/3) synonymous sites and 2.667(=1+1+2/3) 
replacement sites. 

Previously, on the basis of this definition, we presented a 
method for estimating mucleotide differences per site at 
synonymous sites (Ks) and at replacement sites (Ka) by 
comparing homologous nucleotide sequences of coding 
regions'*. Applying the method to several mammalian genes, we 
showed that the rate of synonymous substitution, vs, is greater 
than that of replacement substitution and, more important, is 
approximately constant among different genes’*. This is in sharp 
contrast to the rate of protein evolution, which varies for 





different proteins*'*’*, Thus, because the rate of synonymous 
substitution for different genes is uniform, it can be used as a 
‘clock’ to show the true evolutionary branching orders of genes 
in a multigene family, even when the encoded proteins evolve at 
different rates. For example, if two duplicated genes are 
compared and the K, determined, then the time (f) since diver- 
gence of the two genes can be estimated from the formula’ 


= ~ (3/4) In (1 — (4/3)Ks)/2vs (1) 


using the value of vs previously calculated as 5.1 x 10°? per site 
per yr”. Here, Ks is corrected for the effect of multiple hits (a 
computer simulation showed that this formula is suited for 
correcting Ks and K, at least within a short evolutionary period 
[unpublished results]). Recently, we have confirmed the uni- 
formity of the synonymous substitution rate by comparing many 


“more sequences of different mammalian genes" 


From pairwise comparisons of coding sequences of eight 
distinct Hu IFN-a genes, we have calculated Ks and K, for each 
pair of genes (Table 1). Based on the Kg values, phylogenetic 
relationships among the IFN-a genes, and IFN-a pseudogene, 
were determined (Fig. 1). The seven functional IFN-a genes 
were classified into three groups according to the divergence 
times from ancestors. Surprisingly, all eight Hu IFN-a genes 
seem to have diverged from a common ancestor quite recently, 
at most ~26 Myr age. As mammalian divergence is known to 
have occurred ~75 Myr ago’, this result suggests that they have 
different organization compared with other mammals. This 
notion is of particular interest in relation to the observation that 
interferons are often species specific’’. To test this, IFN-a gene 
sequences have been. compared for different species. A pairwise 
comparison of the N-terminal 20-amino acid sequence of a 
mouse IFN-a?° with the six human ea -interferons (A-D, F, H) 
showed that the latter are much more homologous to each other 
than to the mouse [FN-a. In fact, of 20 amino acid sites 
compared, on average 3.8 + 1.9 sites differ within the six human 
a-interferons, whereas there are 8.8+1.7 site differences 
between human and mouse a-interferons. Although the 
comparison was limited to the N-terminal region, this result in 
part supports the above argument. 

The Ka matrix for seven functional IFN-a@ genes gives almost 
the same phylogenetic relationship among the genes as that 
shown in Fig. 1, except for the IFN-a G gene line. Unusually 
small Ka values were found for gene pairs with the G gene as a 
partner. Ratios of K,/K, for these pairs are lower (0.26 on 
average) than those fer other pairs (0.43), suggesting that the 
replacement sites of IFN-a G gene have a low evolutionary rate 
(note that the ratio for a given pair is insensitive to the diver- 
gence time of two compared sequences). Alternatively, the 
IFN-a G gene may have arisen quite recently, as predicted by 
K, values, and accumulated more base substitutions at the 
synonymous sites than other genes. To resolve this, we 
compared further the sequences of the 3’-noncoding region 
(which corresponds to a region upstream of the poly(A) site of 
the A gene in the aligned sequence’) for the seven functional 
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Fig. 2 Alignment of the untranscribed 3'-flanking (3'UF) sequence of IFN-a, (ref. 2) (a member of class D)? and the terminal sequences of five 
IFN-a mRNAs’. The sequence immediately after the poly(A) site of IFN-a, is indicated by lower case letters. Bases that are identical between 
the IFN-a, and B are indicated by dots. The hexanucleotides AATAAA and ATTAAA are underlined. Broken lines indicate gaps introduced to 
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Table 1 Sequence differences at synonymous sites (Ks) and at replacement sites (K a) from pairwise comparison of eight distinct Hu IFN-« gene 








sequences 
Ks 
I I] Hl 
IFN-a C F H A B D G E 

C —— 0.128 0.117 0,202 0.216 0.234 0.236 0.286 
il F 0.055 ne 0.126 0.193 0.193 0.176 0.203 0.256 
| H 0.054 0.069 —_ 0.151 0.19] 0.186 0.189 0.232 
A 0.078 0.078 0.072 = 0.218 0.176 0.227 0.304 
Kail E 0.094 0.091 0.075 0.075 en 0.202 0.254 0.265 
Dp 0.079 0.069 0.079 0.072 0.098 ee 0.236 0.298 
HI G 0,062 0.046 0.056 0.052 0.071 0.057 or 0,260 

E 0.116 0,098 0.098 0.105 0.121 0.109 0.072 _ 

EAEE A EAE E E E N N TA EA N AA E E E 


Ks (upper half) and K4 (lower half) were calculated by a method described elsewhere'*. Only the sequence encoding the C-terminal 133 amino | 
acids is available for the coding region of the IFN-a G gene’. To make equivalent comparisons of all the gene sequences, only differences in this 
region were considered for all the genes (even when coding sequences corresponding to mature IFN-a are compared, similar values are obtained for 
Ks and Ka, although in this case, only the fragment-length sequence is considered in pairwise comparisons involving IFN-a G), IFN-a B gene 
contains frameshift mutations at codons 98 and 101 (ref. 3), thus this segment was excluded from the comparisons. IFN-a E gene contains a single 
base insertion’; to restore the original reading frame, this insertion was deleted. Functional genes were classified into three groups, I(IFN-a C, Fand 
H), IKA, B and D) and HIG), as the ancestral nodes leading to the present-day genes within each group appear to be in clusters with respect to the 


divergence time (see Fig. 1). 


genes, and obtained a phylogenetic tree (data not shown) essen- 
tially identical to that shown in Fig. 1. In addition, the extent of 
sequence divergence in the noncoding region was similar to Ks 
in value. These results support the former interpretation. 

Using the deduced divergence time, we estimated the rate of 
evolution at the replacement sites of the G gene (v^ ) and that of 
other functional genes (v4). For all pairs between groups which 
were derived from a particular node in Fig. 1, except for as and 
a, the Ka values of the pairs were averaged (Ka) and 
“then the va calculated as v,=Ka/2t, where ¢ is the 
divergence time corresponding to the node and K‘°= 
~ (3/4) In [1-(4/3)K]. For example, two groups, the one 
containing H and C and the other containing F, were derived 
from node a,, and thus the pair F-H and F-C have the same 
divergence time (t= 14 Myr) corresponding to the node. The 
average difference Ka is 0.062, which gives va =2.3x10°° per 
site per yr, and so on (Table 1). The average value of va, 
estimated for the five different nodes, is 2.1 x 10~° per site per 
yr, which, when converted into rate (vaa) defined at the protein 
level, corresponds to ~5.0x10~? per residue per yr (as the 
number of replacement sites per codon was estimated to be ~2.4 
on average, Vaa = 2.4 va). This rate is high, almost comparable 
with that of immunoglobulin®. To estimate vh, two different 
speeds of evolution were assumed: one (vi ) in the line from a, to 
G in Fig. 1; the other (v4) in the line from a, to functional genes 
_ (X) other than the G gene. This gives the equation 


Valot Valo = Ka (G-X) (2) 


where f is the date of node ay and K(G—X) is the sequence 
difference between G and X. Solving this for each functional 
gene and averaging the resulting values of v,, we obtain vi, = 
0.17 x 107° per site per yr or vi, = 0.41 x 107° per residue per yr, 
which is similar to the rate for insulin, a slowly evolving mole- 
cule*, It is remarkable that the IFN-a G gene, a direct descen- 
dant of the common ancestor of all the eight distinct classes, 
accumulates far fewer base substitutions at the replacement sites 
than other IFN-a genes, at a rate of about one-tenth that of the 
other genes, suggesting the presence of strong selective pressure 
depending on the unique function of the encoded protein. 

The Hu IFN-a multigene family contains a pseudogene (IFN- 
a E) which shows close sequence homology to the IFN-a G 
gene, suggesting that it was derived from the G gene during 
evolution. This represents the first evidence of a pseudogene 
transcribed into mRNA’. Thus it is interesting to determine 
whether or not the IFN-a E gene shows strong sequence 
divergence similar to that of other pseudogenes”’**. We have 
calculated differences between gene sequences from their joint 


node (a, of Fig. 1). Designating ‘O’ for node a, and X for any one 
of IFN-a@ A, B,C, D, F and H genes, we have a set of equations: 
K(X-G) = K(O-X)+K(O-G), K(X~E) = K(O-X)+ K(O-E) 
and K(G~E)= K(OQ-G)+K(O-E), where K(O-G), for ex- 
ample, represents the sequence difference between O and G., 
Solving this, we obtain K (O-G) = [K (X-G)+ K(G~E)~— K(X- 
E)]/2, K(Q-E) = [K(X-E) + K(G-E) — K (X-G)]/2 and K(O- 
X) = [K (X~-G) + K (X-E) —- K(G-E)]/2. Using the Ks values in 
Table 1, we calculated the three differences for each X. The 
mean values (+s.e.) of the three differences were K,(O-G)= 
0.075(+0.031), Ks(O-E) = 0.126(+0.040) and K,;(O-X)= 
0.149(+0.044). Similarly, K,(O-G) = 0.011(+0.006), K,(O- 
E) = 0.061(+0.014) and K,(O-X) = 0.047(+0.012) (the stan- 
dard errors were calculated by assuming a Poisson distribution 
for the total number of base changes and by considering, on 
average, 308.6 replacement sites and 78.4 synonymous sites in 
the sequences compared). This result suggests that the E gene 
accumulated more substitutions than the functional genes at 
both the synonymous and replacement sites, although the stan- 
dard errors seem rather large. In addition, the rate of change at 
the replacement sites of the pseudogene, relative to the standard 
genes, increases more than the rate of change at the synonymous 
sites: the mean values are K,(O-E)/K,(O-G)(=5.6) > K,(O- 
E)/Ka(O-X') (= 2.9) > K,(O-E)/K,(O-G)( = 1.7) ~ Ks(O- 
E)/Ks(O-X’)(=1.9) > 1, where K(O-X’) is K(O-X)/2.25, as, 
according to the phylogenetic tree of Fig. 1, the time interval 
between O and X is estimated to 2.25 times longer than that 
between O and G. These relationships are the same for each of 
the six different X genes, These patterns of base substitutions are 
similar to those of other pseudogenes analysed previously, 
including a-globin pseudogenes of man and mouse, 8-globin 
pseudogenes of rabbit and mouse and immunoglobulin V, 
pseudogene of man’”, suggesting that pseudogenes show strong 
sequence divergence compared with functional genes, regard- 
less of whether the mRNAs are transcribed. 

A possible interpretation of these results is that in most 
functional genes, the replacement sites are more constrained 
than the synonymous sites. However, in pseudogenes the loss of 
functions frees the gene from several selective constraints, 
thereby allowing accumulation of substitutions almost uni- 
formly over all the regions at rate higher than the rate of change 
at the synonymous sites of functional genes, the most rapidly 
evolving component (see refs in ref. 13). The fact that K,(O- 
E) > Ks(O-G) suggests that even synonymous sites of functional 
genes are constrained, although presumably only weakly’. The 
suggestion that the IFN-a E pseudogene has evolved faster than 
functional genes may support the neutral theory”, its rate of 
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evolution may approximate to a limiting rate predicted by the 
neutral theory? t 78. 

In human a- and B-globin, and rabbit and mouse 6 -globin 
gene clusters, pseudogenes are found between functionally 
distinct genes, that is, between the embryonic or fetal and adult 
genes”? *??, The suggestion that the IFN-a E pseudogene was 
derived from the IFN-a G gene is of interest in this regard. The 
fact that the v, of the G gene is smaller than that of other genes 
suggests that the functions of the proteins encoded by them 
differ. Although the complete linkage arrangement of the Hu 
IFN-a multigene family has not been established, this suggests 
that the E pseudogene may be located between the G gene and 
the other groups of genes. Furthermore, IFN-a C, F and H 
genes (group I) show close sequence homology, suggesting that 
they are closely linked. It would be interesting to determine 
whether further pseudogenes reside between this group and 
group II (A, B and D) or III (G). This would provide further 
insights into the mechanisms by which pseudogenes arise during 
evolution. 

Goeddel et al? found size heterogeneity in the 3’-noncoding 
regions of the eight distinct Hu IFN-a mRNA sequences. To 
trace the evolutionary origin of such heterogeneity, we have 
compared the untranscribed 3’-flanking sequences of Hu IFN- 
a, (a member of class DY with the IFN-a B, C, E, F and H 
mRNA sequences in the region corresponding to that immedi- 
ately after the poly(A) sites of IFN-a A, D and G mRNAs, the 
shortest mRNAs. We found remarkable homology: the untran- 
scribed 3’-flanking sequence of IFN-a, is 74% homologous to 
the longest B mRNA sequence in the corresponding region. In 
the IFN-a, sequence, the hexanucleotide AATAAA, which is 
thought to be involved in mRNA polyadenylation and process- 
ing*’, and its variant ATTAAA were found at positions 37-42 
and 115-120, respectively (see Fig. 2). Presumably the IFN-a A 
and G genes also contain such hexanucleotides in this region. It 
seems likely that the presence of multiple hexanucleotides 
allowed the extension of the 3’-noncoding regions of the IFN-a 
genes during evolution, and thus gave rise to size heterogeneity 
of the mRNAs. Interestingly, two hexanucleotides precede the 
poly(A) sites in the B and F mRNAs, suggesting that the 
multiple hexanucleotides in each mRNA are recognized with 
varying efficiency, giving rise to mRNAs having 3'-noncoding 
regions of different sizes from a single gene”’. 
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H-2K, H-2D, H-2L, Qa-2 and TL are all members of a closely 
related family of cell-surface glycoproteins. The H-2 molecules 
(major histocompatibility antigens) are extremely polymorphic, 
expressed on almost all cell types and play an important part in 
graft rejection’*. In contrast, Qa-2 and TL are much less 
polymorphic, and have a limited tissue distribution**. Never- 
theless, all these molecules are similar in that they consist of two 
chains, one of which is the invariant £,-microglobulin 
(molecular weight (MW) 11,500), the other a 45,000-MW 
glycopolypeptide***°. The 45,000-MW H-2K and H-2D map 
within 0.3 centimorgans of each other in the major histocom- 
patibility complex (MHC) on chromosome 17 (ref. 1). The Qa-2 
and TL chains are encoded by genes in the closely linked Tla 
region. Recently, recombinant DNA techniques have been used 
to study the family of genes encoding H-2-like molecules'*"*. 
The finding that cloned H-2 cDNA hybridizes to 10-20 restric- 
tion fragments of genomic DNA has led to the conclusion that 
there are 10-20 H-2-like genes in the murine genome *™™, Here 
we present evidence that most of these genes are encoded on 
chromosome 17 and that at least three H-2-like genes map 
outside the MHC in the Tla region. We also confirm and provide 
further evidence that there are 10 to 15 H-2-like genes in the 
mouse genome, 

Initial studies of the number of genes in the H-2 family 
used cDNA probes complementary to portions of the H-2-like 
mRNA. Thus, the precise relationship between the structure of 
the probe and the sequences detected in Southern blotting 
experiments is uncertain. If these probes span intervening 
sequences that contain relevant restriction sites, they would be 
expected to hybridize to several genomic DNA fragments from 
the same gene, thus overestimating the number of genes. To 
avoid this we used probes from the cloned genomic DNA to 
identify BamHI restriction fragments of BALB/cN myeloma 
DNA that encode H-2-like genes (Fig. 1a). The 3’ probe (Fig. 
1d) and a probe that encodes amino acids 194-283 (and inter- 
vening sequence) identify similar sets of restriction fragments 
(D.H.M. and J.G.S., unpublished observations). In contrast, the 
5’ (Fig. 1d) and 3’ probes do not identify the same fragments of 
BamHI-digested BALB/c myeloma DNA (Fig. 1a). Thus, the 
5’ and 3’ portions of some H-2-like genes lie on different BamHI 
restriction fragments. However, each probe identifies 10-15 
fragments. This is a minimum estimate of the gene number as we 
cannot be certain that our probe detects all the H-2 genes in the 
hybridization conditions used and because some of the larger 
fragments contain two H-2-like genes (unpublished obser- 
vation), These fragments may represent inactive or pseudo- 
genes, and there may be other MHC transplantation genes that 
are not recognized by the probes. Kourilsky ef al.'’ detected a 
similar pattern of BamHI restriction fragments in BALB/c 
DNA using a probe ~85% homologous to the 3’ probe used 
here. 

The fact that the H-2L, H-2D and H-2K genes are all closely 
linked on chromosome 17 in the MHC does not mean that all 
H-2-like genes are necessarily encoded on this chromosome. To 
determine which H-2-like genes are encoded on chromosome 
17, we have analysed the DNA of the cloned somatic cell hybrid, 
R4 4.1 (ref. 15), which contains a full complement of Chinese 
hamster chromosomes but only chromosome 17 derived from 
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DNA probed with fragments derived from 

an H-2-like gene. The structure of the 
H-2-like genomic clone and the 5' and 3' 

probe fragments derived from it are ke 
shown in d. This clone was isolated from 
the MOPC 41 (BALB/c) Charon 4A 
library using a fragment of a human HLA 
genomic clone as probe (G.A.E. and à 
J.G.S., in preparation). This cloned - 
genomic DNA fragment encodes a pro- 

tein that is 70-90% homologous to H- £ 
2K*, H-2D* and H-2K*. The indicated es, 
Sau3A fragments were cloned in 

M13mp7 as described elsewhere’*. The 

subcloned fragment was separated from 

the replicative form (double-stranded 09 - = 
DNA) by digestion with EcoRI, and 

purified on disulphide-linked poly- 

acrylamide gels’. DNA was prepared 

from: BALB/c myeloma (NP-2) DNA; 

E36 and R4 4.1 from cultured cells; and 

C58 from the R1.1 cultured cell line’®. All 

other DNA was extracted from livers of ® 

mice obtained from either Dr I. Egorov 

(BALB/cBy) or Dr J. Berzofsky 

(B10.Br), Jackson Laboratories, or Tla 

and Qa recombinant strains**. Digestion 

of the DNA BamHI endonuclease, elec- 

trophoresis in 0.8% or 1.0% agarose gels 

(a), blotting to nitrocellulose filters, 

hybridization to the  nick-translated 

probes (specific activity between 2.0 and 

4.010% c.p.m. peryg), washing in 
0.015 M NaCl, 0.0015 M Na citrate at 

50°C, and autoradiography were all as 

described elsewhere*’~*’. Sizes of frag- 


Fig.1 Southern blot analysis of genomic f- $ 
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ments (in kilobases) are indicated. a, BALB/c DNA (NP-2) probed with 5' and 3' probes; b, Chinese hamster E36, mouse x hamster hybrid clone R4 4.1, and C3H 
DNAs probed with the 3’ probe; c, genomic DNA from the indicated strains (BALB/c, BALB/cBy liver; B6, CS7BL/6); d, structure of the H—2-like genomic clone 
and derivation of its probes. Shaded areas indicate coding blocks and adjacent amino acids are indicated. 


the mouse L cell parent. The BamHI restriction fragments 
identified in digests of genomic DNA from E36 (Chinese 
hamster cell), R4 4.1 and C3H (parent of the L cell) are 
indicated in Fig. 1b. Fragments derived from R4 4.1 DNA but 
not E36 DNA must be encoded on chromosome 17. There are 
many genes encoded in the hamster genome that hybridize to 
the H-2 probe. However, the chromosomal location of mouse- 
derived restriction fragments that co-migrate with hamster- 
derived restriction fragments cannot be determined from this 
experiment. Nevertheless, there are at least seven murine- 
derived restriction fragments in the R4 4.1 DNA digests. Thus at 
least seven of the 10-15 H-2-like genes are encoded on murine 
chromosome 17, 

A unique feature of the H-2 antigens is their extreme poly- 
morphism among inbred mice. Using the 3’ probe to examine 
the BamHI-derived restriction fragments from a series of inbred 
mouse strains (Fig. 1c), we found that these patterns are similar 
overall. The number of restriction fragments encoding H-2-like 
genes was similar in the different strains. Thus, the number of 
H-2-like genes does not vary widely among the inbred strains 
examined. In addition, many fragments (~50%) were common 
to different mouse strains both in the BamHI digest shown here, 
and in digests using other enzymes (Xbal and EcoRI) (unpub- 
lished observations). However, comparison of the H-2K and 
H-2D types (Table 1) of these strains and their restriction 
fragment pattern (Fig. 1c) suggests that there are only a few 
fragments specific to a H-2 haplotype. For example, A.SW has 
two unique fragments of 6.6 and 5.9 kilobases (kb) not found 
in other strains. These H-2-specific fragments may reflect differ- 
ences in the major histocompatibility antigens of these mice. 

There are differences in three restriction fragments between 
these mouse strains that have a distinct pattern, but which do not 
reflect the H-2 type of a particular strain. For these cases, if a 
strain lacks a particular restriction fragment, it is replaced by 
another, compensating fragment. The surprising feature is that 
the replacement fragment is the same in several strains. For 
example, five strains have a 2.3-kb fragment (A/J, PL, BALB/c, 
A.AL, B6) while the strains that lack this fragment (C58, 
B10.Br, A.CA, CBA, C3H and AKR) have a 4.7-kb fragment. 


A.SW is an exception to this rule, lacking both fragments. There 
are two further examples of this type of compensatory poly- 
morphism: (1) nine strains (A/J, C58, B10.Br, PL, BALB/c, 
A.AL, CBA, C3H and AKR) have 0.9-kb and 14-kb fragments, 
while three strains (A.CA, B6, A.SW) replace these with a 
15-kb fragment. (2) A 9.8-kb fragment is found in BALB/c, 
A.AL, B/6, CBA, C3H, AKR and A.SW and is replaced by a 
4.9-kb fragment in A/J, C58, B10.Br and PL. A.CA appears to 
lack the compensatory 4.9-kb fragment. From these patterns we 
make the following conclusions: (1) Each of these fragments, 
and their compensatory fragments, represents a single muta- 
tional event that affects a single H-2-like gene or its flanking 
sequence. (2) Apparently, each band identified in the Southern 





Table 1 Phenotypes of mouse strains 





Strain H-2K H-2D Qa-2,3 Tla 
A k d a a 
C58 k k b a 
B10.Br k k b a 
PL u d ND a 
A.CA f f b d 
BALB/c d d a” c 
A.AL k d ND c 
B6 b b a b 
CBA k k b b 
C3H k k b b 
AKR k k b b 
A.SW $ 5 a b 





The phenotypes for the inbred mouse strains are taken from Klein et 
al.. ND, phenotype not determined. 

*The phenotype of BALB/cJ is indicated here; the BALB/cBy 
(Qa-2,3*) analysed in Fig. 1c apparently is an exception to the cor- 
relation of the presence of the 2,3-kb fragment with Qa-2,3°. However, 
as it is likely that this is an independent mutation that occurred in a 
subline of BALB/c, one would not expect it to have the same restriction 
fragment pattern as other Qa-2,3* strains. (Based on the genomic blot 
analysis, we can make tentative assignments of the Qa-2,3 and Tla types 
of the unassigned strains as follows: PL, Qa-2,3°; A.AL, Qa-2,3°.) 
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blot corresponds to a single fragment in the mouse genome. 
Presumably, identical multiple mutations would not occur in 
different genes. (3) Each of these mutations must have occurred 
before the inbred lines were separated from each other. As 
several strains (for example, BALB/c, AKR and PL) have 
distinct origins, we suggest that these mutations occurred in the 
wild mouse population. The fact that these patterns do not 
correlate with the H-2 type of the strains suggests that either the 
mutations segregated independently of the H-2 type during 
evolution, or the H-2 haplotypes have been generated by 
independent mutation since the original mutations occurred. 

To test the hypothesis that these polymorphisms segregate 
with other known genes encoded in chromosome 17, we 
compared the Qa-2,3 and Tla phenotypes of these strains (Table 
1) with their restriction fragment patterns (Fig. 1c). The 4.7-kb 
fragment was found in the Qa-2” strains while the 2.3-kb 
fragment was found in Qa-2*. The 9.8-kb fragment was found 
in all Tla? and Tla“ strains and the 4.9-kb in all T/a* strains. 
Furthermore, A.CA, the only strain of the Tla“ haplotype 
examined, lacks the 9.8-kb as well as the 4.9-kb fragment. This 
suggests that the mutation separating Tla* from Tla“ occurred 
more recently than the mutation distinguishing them from Tla“. 
The presence of the 0.9-kb fragment does not correlate with the 
H-2, Qa-2,3 or Tla phenotypes. 

The correlations suggested by examination of polymorphisms 
in inbred strains of mice might be misleading: the finding of a 
fragment in one inbred line and its replacement in another might 
reflect the history of these strains or the chance co-migration of 
several restriction fragments. Fortunately, several congeneic 
strains of mice have been isolated which have undergone 
recombination in the vicinity of the Qa-2,3 and Tla genes”. We 
have examined the DNAs of these strains to determine the map 
location of the restriction fragment polymorphisms (Figs 2, 3). 
Again, the 2.3-kb/4.7-kb polymorphism maps with the Qa-2,3 
phenotype, and the 9.8-kb/4.9-kb fragments with the Tla 
phenotype. Recently, Steinmetz et al. have mapped a 2.7-kb 
BamHI fragment to the Qa-2,3 region'®. The 0.9-kb poly- 
morphism does not segregate with either the Qa-2,3 or the Tla 
phenotype. However, these recombinant strains allow us to map 
this polymorphic H-2-like gene to the left of the Tla gene (as the 
fragment is found in A.Tla”, but not in B6) but to the right of 
H-2D (as the fragment is found in B6.K1 but not in B6.Tla*). 


g = 

Ww 
*, Sten 
a k G 32s 

o © 
<n <5 288 





vite t ie ~*~ 
E T eT T E 


~ ao 


region of congeneic mouse strains. DNA from the indicated strains 

was analysed as described in Fig. 1 legend. Band intensity is a 

complex function of various factors. The greater intensity of the 

2.5-kb fragment in strain A is a more usual result than the faint 
intensity of the same DNA seen in Fig. 1. 
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Fig.3 Mapping of the Tla region polymorphism on chromosome 

17. A schematic map of the relevant region on chromosome 17 is 

drawn to scale after Klein’. The distance from K to D is 0.33 cm, 

and from D to Tla 1.3 cm. Qa-2,3 maps between D and Tla but its 

precise location is unknown. * Size of fragment indicated in Figs lc 
and 2. 


The presence of a 14-kb fragment that moves to 15 kb in the 
strains lacking the 0.9-kb fragment suggests that either this 
polymorphism contains a BamHI site or that there are two 
H-2-like genes within 15 kb of each other. Thus, there are at 
least three H-2-like genes encoded in the Tla region, although 
these genes may not be Qa-2,3 and Tla. 

These studies, using cloned genomic fragments from an H-2- 
like molecule as a molecular probe demonstrate that: (1) there 
are at least 10-15 H-2-like genes encoded in the mouse 
genome; (2) at least seven of these are encoded on chromosome 
17; and (3) there are at least three H-2-like genes encoded 
outside the MHC which map to the Tla region. Future analysis 
of cloned H-2-like genes will permit a comparison of genes from 
the MHC with the 7la-encoded genes defined here. The basis 
for differences in the polymorphism and expression of the MHC 
and Tla-encoded genes may be reflected in their nucleotide 
sequences. 
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Egorov and J. Berzofsky for mouse strains, Dr P. d’Eustachio 
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stimulating discussions of Qa and Tla. We also thank Ms Terri 
Broderick for editorial and secretarial assistance. This work was 
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onal Institute of Allergy and Infectious Disease (PHS 
DHHS). 
Note added in proof : Subsequent studies have demonstrated that 
the molecular probes used in these experiments are derived 
from the H-2L* gene”. 


Received 18 September; accepted 20 November 1981. 


1. Klein, J. Biology of the Mouse Histocompatibility Complex, 1-620 (Springer, Berlin, 1975). 
2. Snell, G. D., Dausset, J. & Nathenson, S. Histocompatibility, 1-401 (Academic, New York, 
1976). 
3. Klein, J. Science 203, 516-521 (1979). 
4. Flaherty, L. in The Role of the Major Histocompatibility Complex in Immunobiology led. 
Dorf, M. E.) 33-58 (Garland STPM, New York, 1980), 
5, Flaherty, L. in Origins of inbred Mice (ed. Morse, H. C. IT) 409-422 (Academic, New York, 
1980). 
6. Michaelson, J., Flaherty, L., Vitetta, E. & Poulik, M. J. exp. Med. 145, 1066-1070 (1977). 
7. Stanton, T. H. & Hood, L. Immanogenetics 11, 309-318 (1980). 
8. Michaelson, J. Immunogenetics 13, 167-171 (1981). 
9. Silver, J. & Hood, L. Nature 249, 764-765 (1974), 
10. Rask, L., Lindblom, J. B. & Peterson, P. A. Nature 249, 833-834 (1974). 
11. Cami, B., Bregegere, F., Abastado, J. P. & Kourilsky, P. Nature 291, 673-675 (1981), 
12. Steinmetz, M. et al. Cell 24, 125-134 (1981). 
13. Ploegh, H. L., Orr, H. T. & Strominger, J. L. Proc. natn. Acad. Sci. U.S.A. 77, 6081-6085 
(1980). 
14. Sood, A. K., Pereira, D. & Weissman, S. M. Proc. natn. Acad, Sci. U.S.A. 78, 616-620 
(1981). 
15. Smiley, J. R., Steege, D. A., Juricek, D. K., Summers, W. P, & Ruddle, F. H. Cell 15, 
455-468 (1978). 
16. Steinmetz, M. et al, Cell 25, 683-692 (1981). 
17. Klein, J., Flaherty, L., VandeBerg, J. L. & Shrefier, D. C. Immunogenetics 6, 459-512 
(1978). ,. 
18. Messing, J., Crea, R. & Seeburg, P. H. Nucleic Acids Res, 9, 309-321 (1981). 
19, Hansen, J. N., Pheifer, B. H. & Boehnert, J. A. Analyt. Biochem. 105, 192-201 (1980), 
20. Ralph, P. J. Immun. 110, 1470-1475 (1973). 
21. Southern, E. M. J. molec. Biol. 8, 503-517 (1975). 
22. Seidman, J. G., Leder, A.. Nau, M., Norman, B. & Leder, P. Science 202, 11-17 (1978). 
23. Wahl, G. M., Stern, M. & Stark, G. R. Proc. natn. Acad. Sci. U.S.A. 76, 3683-3687 (1979). 
24. Evans, G. A., Margulies, D. H., Ozato, K., Camerini-Otero, R. D. & Seidman, J. G. Proc. 
natn. Acad. Sci. U.S.A. (in the press). 





Nature Vol. 295 14 January 1982 





A pitfall in random sampling 


MANY Statistical tests depend on random 
samples. A random sample can be 
defined’ as a sample from a distribution 
(for a univariate distribution this is an 
area) in which each point or neighbour- 
hood has the same probability of being 
chosen, It is therefore necessary to pay 
close attention not merely to the process 
of sampling, but also to the nature of the 
distribution itself. It is sometimes easy to 
misinterpret a distribution and thereby 
invalidate the resulting test. For example, 
one can treat as stationary a distribution 
which may change over time. So stated the 
trap is obvious, but it can be subtle and 
occasionally catches excellent biologists. 
The question is totally different from 
estimating the shape or position of an 
average distribution determined post facto 
from a non-stationary process. Such an 
average distribution exists statistically but 
may have no causal meaning; an obvious 
example is the joint distribution of annual 
income of all residents of London since 
1800. 

Cole’ criticizes the work of Evans and 
Murdoch’, who showed that herbivorous 
insect species in a community are a 
roughly constant proportion of all insect 
species over a season, despite much 
turnover. They therefore showed that the 
distribution is stationary, an important 
result, Cole not surprisingly found that 
Evans and Murdoch’s data are not 
significantly different from what they 
would be if they were random samples of 
the same size from the total species pool. 
He then concluded that the data are 
irrelevant to ecological processes. 

The fallacy is in assuming that there is a 
uniform pre-existing population from 
which samples are drawn (commonly 
without replacement, which affects the 
statistics in a subsidiary way). However, 
the very existence of such a stationary 
population is the interesting question, 
because it implicitly assumes that the 
relevant properties (here, diet) of the 
Species sampled at different times are the 
same. Otherwise there would be no 
overall distribution which could be 
sampled randomly, and no reason to 
expect approximate constancy over time 
in the proportion of herbivores. 

Thus, the results of Evans and 
Murdoch? do add support for the idea of a 
dynamically maintained balance in 
trophic structure. This balance also has 
other aspects, notably in energy flow, and 
its control remains a central problem in 
ecology’*, 


LEIGH M. VAN VALEN 


Department of Biology (Whitman), 
University of Chicago, 

915 East 57th Street, 

Chicago, Illinois 60637, USA 


MATTERS 


1. Van Valen, L. M. in Conceptual Issues in Ecology (ed. 
Saarinen, E.) (Reidel, Dordrecht, in the press). 

2. Cole, B. J. Nature 288, 76-77 (1989). 

3. Evans, F.C. & Murdoch, W. W. J. anim. Ecol. 37, 259-273 
(1968), 

4. Van Valen, L. M. Evol. Theary 1, 31-49 (1973). 


Anomalous ‘°C depletion in 
Precambrian organic carbon 


SOME isotopic analyses of Precambrian 
reduced carbon which is strongly depleted 
in the heavier ‘°C isotope have been 
reported by Schoell and Wellmer’. They 
have argued that these anomalous 
graphitic carbons might be isotopically 
light as the result of a fractionation related 
to methane bacterial action in the Pre- 
cambrian. This argument is quite reason- 
able insofar as it assumes that the organic 
carbon in most Precambrian and early 
Phanerozoic sediments is itself normal. 
However, the average isotopic value of 
such reduced carbon is normal only from 
the experimental standpoint. When 
placed in context with the algal biota 
presumed to have been responsible for its 
origin and overall composition, it is also 
anomalously depleted of °C, 

In Fig. 1 of ref. 1, and in other similar 
compilations’, the mean values for 
5°°C(PDB) cluster around —24 to ~28%. 
Such values appear quite normal when 
compared with the reduced carbon of 
modern C, terrestrial plants’**’. How- 
ever, a substantial land plant community 
did not develop until the Silurian, so that 
when compared with the reduced carbon 
from modern marine algae and algal mats, 
these ‘normal’ Precambrian isotopic ratios 
become disturbingly anomalous, and are 
especially so for the carbonate stroma- 
tolites’*. Present-day marine algal 
Organic carbon is significantly heavier 
isotopically, with mean values ranging 
from --18 to -20% (refs 3, 4). Modern 
marine algal mats are even heavier? ™?, 
with values ranging from ~8 to —19%. 
This difference between the average ter- 
restrial isotopic values and the average 
marine values of reduced carbon is so 
striking that it has been used to evaluate 
the impact of land-derived organic matter 
in modern marine sediments'*"*, 

In the absence of a significant terrestrial 
biota in the Precambrian, how can average 
values ranging from —24 to —28% be 
explained? Those who have discussed this 
problem (see refs 3, 8, 10, 12, 15) have 
variously concluded that the depletion 
might be the results of: preferential 
diagenetic enrichment of isotopically light 
(lipid) fractions; a higher CO, partial 
pressure in the Precambrian environment; 
or perhaps different primitive metabolic 
fractionations. 

When compared with data on ancient 
organic matter having both carbon iso- 
topic and H/C atomic ratios”'*'’, recent 









laboratory-simulated thermal matt 
experiments on algal mat keroge ve 
not support the diagenetic argument. ` 


these experiments only the | 
immature algal mat kerogens showed any 


tendency towards “°C depletion; all i l 
mature kerogens (H/C atomic ratios = 


<1.0) were enriched in ‘°C. | 

Some laboratory experiments with. 
marine algae grown under elevated. CO, 
(1.5 to 3.5%) have produced carbon isos. 


tope ratios consistent with the idea of an ae 
. But the low cell densities 
involved and the absence of a potential for o 
experiments makes them doubtfully 
applicable to the conditions in which the 
carbonate stromatolite mats of the Pre- 


cambrian’? 5 


bicarbonate-derived CO, in 


cambrian thrived. 


While the very depleted valuesreported 
by Schoell and Wellmer' and others? are 
certainly anomalous in their own right, __ 
and may be the result of Precambrian __ 
biogenic methane, a more important 
anomaly remains. Until the average iso- | 


topic composition of organic carbon in a 
variety of Precambrian and Phanerozoic 
marine deposits can be explained in a 


consistent fashion, interpretations of the 


data to infer the physiology of the 


organisms involved, or the environments 
in which they were living, must be consi- 
dered as tentative. This is especially 
important to timing the onset of oxygenic 
photosynthesis in the early history of- 


life’, 
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SCHOELL AND WELLMER REPLY——. 


Towe has raised some often repeated 
questions which, however, are not directly 
relevant to our paper. We aimed to 
explain why some Precambrian graphites 
are depleted in “C compared with the 
bulk of all other Precambrian graphites. 
We offered an explanation by suggesting 
local phenomena such as CO, from oxi- 
dized methane as a food source for the 
original biota, rather than worldwide 
phenomena or completely different geo- 
chemical processes. However, Towe’s 
comment indirectly bears on our 
argument and deserves a brief reply. 

Two questions have been raised: why 
some organisms, specifically marine algae, 
are enriched in ‘°C compared with com- 
mon kerogens; and why Precambrian and 
early Phanerozoic kerogens are iso- 
topically more enriched in “°C as 
compared with modern marine algae and 
algal mats. 

These problems have already been dis- 
cussed by previous workers'’’, who 
concluded in part that marine algae as 
found today could not have been the pre- 
dominant precursor of Precambrian 
reduced organic matter. Recent work on 
the Precambrian argues for an establish- 
ment of a flourishing yet primitive life 
already 3,500 Myr ago’. Detailed work 
on marine phytoplankton’ revealed a 
range of carbon isotope fractionation 
between HCO; and organisms ranging 
from —22 to —35% (the mean of which 
interestingly is ~27.5%.). The carbon iso- 
topic composition was found to depend on 
the species and on local conditions (pool 
size effect). The above figures easily 
explain the range of ‘normal’ Precambrian 
reduced organic matter. 

The observation of relatively heavy 
carbon in less than half a dozen modern 
algal mats hitherto investigated does not 
justify the general statement of Pre- 
cambrian organic matter as being ‘dis- 
turbingly anomalous’. On the contrary, we 
emphasize the isotopic similarity of Pre- 
cambrian, Phanerozoic and recent organic 
matter and consider this similarity as an 
argument for the early establishment of 
biological carbon fixation based on the 
presently operating enzymatic pathways, 
that is as proof for (1) the extreme 
antiquity of CO, fixation (notably by the 
RuBP carboxylase reaction) and (2) the 
constancy of the isotopic composition of 
the Earth’s pool of inorganic carbon 
{atmospheric CO, and marine bicar- 
bonate}. 

We thank M. Schidlowski for careful 
reading of this manuscript. 
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Are monozygotic twins similar 
due to genetic factors alone? 


THE number of errors and inconsistencies 
in the paper by Gärtner et al.’ raises 
doubts about the validity of their 
conclusions. In Table 1, the mean and 
standard deviation of  451-day-old 
monozygotic (MZ) males are incorrect 
and differ from the mean and standard 
deviation for the same data given in Table 
2. For 51-day-old dizygotic (DZ) males 
the authors estimate the between-pairs 
component of variance as + 1.18 when the 
correct value is either zero, since it is not 
significant, or negative. This error is 
repeated for the same data in Table 2 
where in addition, the same error is made 
for body weight of DZ males, aged 61 
days. Also in Table 2, the F ratios 
between estimates of the variance 
components s for MZ and DZ twins are 
incorrect. The ratios are not F tests; the 
degrees of freedom attributed to them are 
incorrect as are, therefore, the prob- 
abilities. Furthermore, for reasons which 
are not discussed in the text and which are 
not obvious, these probabilities appear to 
be one-tail. Even if the between-pairs 
items had been compared using correct 
tests, it is difficult to see what conclusions 
could have been drawn for the many 
characters for which, according to Table 2, 
MS,s differ significantly between MZs 
and DZs. 

Incidentally, the estimates of MS, 
cannot take the extremely small values 
that are given in Table 2 unless their true 
values are zero and the values given are 
rounding-off errors or arbitrary. The 
assumption of “random effects’’ is 
superfluous for the analysis used, and an 
explanation is required for pooling males 
and females for some characters and 
omitting females for others when the 
authors say that all statistics were cal- 
culated separately for males and females. 

Finally, there are features of the data 
which are difficult to reconcile with the 
explanation given by the authors. For 
example, examination of body weight in 
females from 31 to 61 days shows that the 
DZs, as expected, retain their initial level 
of variability as reflected in the total vari- 
ance. Indeed, this variance increases 
slightly with age. In complete contrast, on 
the same criterion the MZs are as variable 
as the DZs at day 31, but lose their vari- 
ability as they age. Indeed at day 61, they 
display almost no variability at all. Since 
the main conclusion of this paper is that 
there is a lower level of variation within 


the MZs than the DZs and that this can be 
attributed to events that occur early in life, 
it is difficult to see why these MZ females 
reached their maximum variability early 
in life and their minimum as adults. 
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GARTNER AND BAUNACK REPLY— 
Our results’ show that pairs of sexually 
concordant isogeneic DZ twins differ 
more than pairs of MZ twins because of a 
non-genetic mechanism which modifies 
each zygote differently before the third 
cell division. We thank Jinks and his co- 
workers for drawing attention to a few 
errors in our paper. However, these errors 
do not affect our conclusion as the 
similarity within the pairs of MZ is clearly 
much greater than that within DZ twins of 
inbred mice whatever the method of sta- 
tistical analysis. Therefore the valid criti- 
cism of Jinks et al. of the F values for 
testing the between variance components 
(si) does not influence our main 
conclusion. Nor do the two regrettable 
errors they mentioned in printing different 
numbers in Tables 1 and 2 for the 51-day 
MZ body weights and the absence of the 
minus sign for the DZ 51 and DZ 61 
variance components. 

Further discussion of the statistical 
procedure helps only to a very small 
degree. To shorten this discussion we are 
prepared to send to any interested scien- 
tist our original data for statistical analysis 
by a method of his/her own choice. 

We do not accept the other criticisms. 
The first three variables of Table 2 
(appearance of the hair, eye opening, ear 
opening) are data measured in whole days. 
All the MZ pairs exhibited the event on 
the same day. It seems unrealistic to 
compare the alteration of the variance in 
the MZ female twins as Jinks et al. suggest, 
because of the very small numbers of 
female MZ twins. 

Further confirmation can only come 
from the results of similar experiments in 
other laboratories. However, further 
experiments in our own laboratory using 
twins produced since our original paper, 
together with many additional characters, 
support our conclusions. 


K. GARTNER 
E. BAUNACK 


Laboratory Animal Science Unit, 


Medical School Hannover, 
3009 Hannover 61, FRG 
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IN July 1974, James Watson of Double 
Helix fame was one of the 11 eminent 
scientists who asked publicly for a volun- 
tary moratorium on two types of experi- 
ment involving genetic manipulation. In 
1979 Watson described the signatories as 
“jackasses” who displayed a complete lack 
of scientific judgement in asking for the 
moratorium. What happened in between, 
before and after these dates forms an extra- 
ordinary episode in the history of science. 
Confirming all one’s prejudices about 
national character, events unfolded as a 
mixture of drama, confrontations, public 
soul-searching and farce, with the partici- 
pation of a large and excited lay public in 
the United States; the issues were the same 
in England, but working parties rather 
than public meetings wrestled with them 
and lay participation was limited to a few 


Marie Jahoda 


The DNA Story: A Documentary History 
of Gene Cloning. By James D. Watson and 
John Tooze. Pp.605. ISBN 0-7167- 
1292-X. (W.H. Freeman: 1981.) $24.95, 
£17.30. 


individuals on GMAG, the Genetic 
Manipulation Advisory Group (cf which I 
was one). Lest this contrast between the 
phlegmatic English and the excitable 
Americans foster unwarranted inter- 
pretations, it should be said immediately 
that it was the American response that 
crystallized the questions and dilemmas that 
the marvellous advances in genetic 
manipulation present. 

In this beautifully produced and illustrated 
volume consisting largely of facsimile 
documents, Watson and Tooze leave it to the 
reader to infer the basic questions but 





The debate widens: the letter expressing concern over aspects of recombinant DNA research 
written by Maxine Singer of NIH and Dieter Söll of Yale to Philip Handler, President of the 
National Academy of Sciences. This letter, and another to Science, were the upshot of the 
1973 Gordon Conference on Nucleic Acids, a private meeting attended by some 130 
molecular biologists. 









BOOK REVIEWS 


Once a jackass... 


emerge with only one clear answer: leave 
genetic manipulation to the scientists; no 
special foreseeable hazards are involved, 
hence no special regulations are required. 
Apparently the vast majority of the bio- 
logical establishment in the United States 
now agrees; but not all, and some Nobel 
Prize winners are among the dissenters. 


That scientists disagree among themselves. 
and change their minds is not news,” 


Watson’s recantation confirms that even: 


great scientists are only human. Robert 


Sinsheimer, however, changed his mind in 
the opposite direction. Everybody’s right 
to be a ‘‘jackass’’ once in a while admitted, 
how can one decide who is one when? Only 
the future will tell, but if the Sinsheimers 
are right, the answer may come too late. 
In less colourful terms than Watson uses 
in his pungent and engagingly informal 
prose, the question is whether those at the 
very forefront of science can foresee the 
consequences of their achievements. The 
answer is an unqualified no. One 
remembers Rutherford on splitting the 
atom. Even Watson himself, talking about 
the double helix, says “*. . . we did not 
foresee any immediate practical conse- 
quences for the world about us .. .”’ 
(p.vii), yet his and Crick’s discovery was the 
sine qua non of genetic manipulation. When 
the consequences became clear shortly 
after, the scientists themselves stopped in 
their tracks. Why? At the risk of being 
laughed out of court by these superior 
rational minds, I suggest that they were 
overcome by a metaphysical awe at their 
own power to fiddle with the very building 
blocks of life. Watson’s self-derogatory 
explanation that he acted originally in a fit 
of liberal conscience is a bit superficial — 
conscience in scientists and others had 
better come not just in occasional fits. That 
metaphysical awe was akin to Oppen- 
heimer’s experience in witnessing the first 
atomic bomb explosion, and when it 
communicated itself to the public all hell 
broke loose. The unforgettable Mayor 
Velucci of Cambridge, Massachusetts, 
asked the Academy of Sciences to investi- 
gate whether the reported sighting of a 
monster could be due to genetic manipu- 
lation. Not the monster but the ‘‘sighting”’ 
revealed one theme underlying the debate 
that preoccupied not only Velucci but also 
some scientists and many others: the fear of 
the power of science that could deliber- 
ately, not accidentally, change the very 
nature of living creatures. The other 
theme, inherent in the position of Watson 
and his friends, concerned technicalities, 
not metaphysics, the avoidance of 
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accidents, not the unforeseeable outcome 
of their deliberate efforts. That the 


technical theme won in the end is due not: 


only to the greater sophistication of its pro- 
ponents but also to the fact that the meta- 
physical question is unanswerable — which 
does not, however, eliminate it. Fears and 
hopes were vastly exaggerated and 
opinions about the unforeseeable 
polarized. Scientists on both sides of the 
public debate spent for years large pro- 
portions of their time not in research but in 
lobbying Congress and state governments, 
and in writing and speaking for the public 
media. Unused though they were to 
political manoeuvrings, those on 
Watson's side did pretty well. The NIH 
guidelines were significantly relaxed, as 
were GMAG’s procedures, and the 
scientists, bruised but relieved, could 
return to their work. The issues raised by 
the episode remain, however. 

During these eventful years some 
suggested that all genetic manipulation 
should be stopped. Even if it were 
desirable, this cannot be done. Short of 
nuclear catastrophe the acquisition of 
scientific knowledge is an irreversible 
process; for better or worse we have to live 
with it. The question is how? Watson is 
against all regulations, as is Norton Zinder 
who believes that recombinant DNA 
research is ‘‘. . . as safe as most other bio- 
logical research and safer than that dealing 
with a number of very dangerous micro- 
organisms. . .’’ (p.201). These scientists 
defend their wish to be left alone by 
pointing to other uncontrolled hazards and 
regard the good sense of the scientific 
community as sufficient guarantee of 
safety. Such arguments are suspect because 
they are so clearly interwoven with self- 
interest. Richard Novick expressed this 
best when he declared himself unable to 
distinguish between the following two 
statements as bases for his belief that the 
experiments were safe: 


i. lam convinced they are not dangerous, and 
therefore it is ok to do them; or 2. I have 
convinced myself they are safe precisely because 
I want to do them! [p.149]. 


If the whole episode demonstrates one 
thing it is that there is no harmonious 
scientific community interested only in the 
advancement of knowledge and its benefits 
for mankind. Yes, there is passionate 
commitment to driving forward their 
breath-taking discoveries; but there is also 
ambition, jealousy, lack of foresight, 
moral ambiguity and arrogance in these 
scientists, and there is absolutely no reason 
to assume that they are any better in these 
matters than we of a lesser breed. It seems 
reasonable to require that some people 
whose self-interest is not vested in genetic 
manipulation should be involved in moni- 
toring these experiments. 

This, of course, is easier said than done. 
Lay participation, as in the United States at 
the height of the controversy, may only 
have strengthened the irrational and anti- 
science trends in society. It has not bridged 





the scientists and the general public. Lay 
participation as in England is token partici- 
pation, symbolic rather than real. What 
can a lay person do, when scientists 
disagree about the containment category of 
a given experiment, but side with the one 
with the bluer eyes? Perhaps such frus- 
tration about one’s technical incompetence 
will be mitigated when issues arise about 
which we all are equally competent or 
incompetent. One such issue, though not 
restricted to genetic manipulation, arises 
over the possibility of cloning human 
beings. Sir Peter Medawar (p.246) 
considers this well nigh impossible but 
reports that Jacques Monod did not. John 
Maynard Smith agrees with Monod. 


Irish rocks reviewed 
W.S. McKerrow 
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0269-2, ISBN US 0-470-27247-3; pbk ISBN 
0-7073-0308-7. (Scottish Academic Press/ 
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£15. 








Most geologists know that the British Isles 
contain rocks of unusually diverse types 
and ages for such a small part of the world. 
Ireland is as varied and complex as any 
other part of these islands; thus it is good to 
be provided with a concise review of Irish 
geology. In the final chapter (on the history 
of Irish geology) we are reminded of the 
lean years between 1914 and 1947 when 
significant advances were made in only two 
branches of geology in Ireland: Tertiary 
igneous petrology, and Pleistocene 
stratigraphy and geomorphology. This was 
followed by a revival in which both 
academic and economic geologists, mainly 
from outside Ireland, played a part. In the 
past two decades Irish geologists (living in 
Ireland, if not all of Irish descent) have 
performed an increasing amount of the 
geological research in Ireland. The ten con- 
tributors to the book have each spent much 
or all of their professional careers in 
Ireland, eight in Dublin and two in Belfast, 
and each of them is an authority in his own 
field. n 

In the preface, Professor Holland points 
out that a lot has happened in our under- 
standing of Irish geology since Charles- 
worth’s Historical Geology of Ireland was 
published by Oliver & Boyd in 1963, but 
this book follows a very different pattern. 
While Charlesworth attempted to refer to 
every paper (good, bad and indifferent) on 
Irish geology, and thus is still a good source 
for the older literature, Holland has been 
much more selective; and while 
Charlesworth covered the whole country 
single-handed, Holland has gathered a 
team for the task. The authors each possess 
an individual style and range of expertise, 


the enormous gap in knowledge between 
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- The great merit of Watson and Tooze’s 
book is that it displays the arguments on all 
sides. It offers only personal, not general 
solutions to fundamental questions. The 
worst sequel to this whole exciting episode 
would be if young scientists decided to 
withdraw into their ivory towers; the best if 
it were regarded as a rehearsal for things to 
come, from which to learn how ill- 
prepared scientists and the public still are to 
face the issues that confront them jointly 
and how to improve their relations while 
there is time. G 





Marie Jahoda is Professor Emeritus of Social 
Psychology and Consultant to the Science 
Policy Research Unit, University of Sussex. For 
two years she was a member of GMAG, 
representing the public interest. 


but the editor has clearly stamped his 
authority on the book. Each chapter is a 
very readable, well-illustrated, resume of 
our knowledge and understanding of Irish 
geology today. (Or is it yesterday? Most 
chapters make little reference to work later 
than 1976, and most fail to include ref- 
erences later than 1978). j 

In addition to the chapters on strati- 
graphy, there are sections on tectonics, 
igneous activity and geophysics, which 
might be expected in such a general review. 
More unexpected, especially to those 
geologists who regard drift as a nuisance, 
are the fascinating chapters on the 
Quaternary, which extend well past the 
5,000 BP date of the first Irishmen, and are 
almost continuous, with no more than 
small non-sequence, through to the final, 
historical chapter. 

Economic geology has played, and is 
continuing to play, a major part in Irish 
life, from the Bronze Age copper mines of 
County Cork to the search for offshore oil 
today. The review includes clear des- 
criptions of the major metal mines, 
together with a summary of opinions on the 
possible origins of the ore bodies. The 
section on oil and natural gas contains a 
useful summary of the offshore geology 
around Ireland, from the Celtic Sea to the 
Rockall Plateau. 

A Geology of Ireland will prove to be a 
useful book for the student who wishes to 
obtain a general view of Irish geology; it 
should therefore find a place in every 
geology library. But the research geologist, 
academic or economic, may not find all 
that he requires in the text, or, more 
seriously, in the references — the editor has 
limited them to a level which I would con- 
sider to be lower than satisfactory. The 
Geological Society of London Special 
Reports on the correlation of rocks in the 
British Isles do provide many of the missing 


references, but some of these are now even 


more out of date than the references listed 
in the book. Cj 





W.S. McKerrow is a Lecturer in the Department 
of Geology at the University of Oxford. 
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Joseph Henry: letters from America 


Colin Russell 
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The Papers of Joseph Henry, Vol. 4: 
January 1838-December 1840, The 


Princeton Years. Edited by Nathan- 


Reingold. Pp.475. ISBN 0-87474-792-9. 
(Smithsonian Institution Press, 
Washington DC: 1981.) $30. 





JOSEPH Henry (1797—1878) was an 
American physicist and a researcher in 
electricity and magnetism. He had the 
misfortune to be a contemporary of 
Faraday by whom he has been considerably 
overshadowed; even when he emerges from 
the penumbra of the great Englishman he is 
not seen as a major luminary in science, 
and one may wonder at the colossal 
expenditure of labour in this reprinting of 
his papers. If it may not be justified in 
terms of Henry’s inherent scientific 
stature, the rationale would appear to lie in 
his position within the community of early 
nineteenth-century science, particularly in 
America. He knew almost everyone of 
importance on both’sides of the Atlantic, 
and such people flit effortlessly in and out 
of his correspondence. To read his papers is 
to gain a richer understanding of the social 
milieu in which Henry lived and much of 
modern physics took shape. 

During most of the period covered by 
this book (1838-1840) Henry’s life was 
fairly uneventful, concerned mainly with 
his family at home or seriously fulfilling his 
calling as Professor of Natural Philosophy 
at Princeton. For this reason the present 
volume lacks something of the punch and 
zest of its predecessor (for review see 
Nature 286, 311; 1980), which dealt mainly 
with his grand tour of Europe. However 
there are compensations, and a large 
proportion of the book is concerned with 
his ‘‘records of experiments’’ from 
manuscript material. Some of his work was 
over-hasty as he wished to establish priority 
over Faraday, but here is an unself- 
conscious record of one man working 
under great pressure to unravel the 
complex phenomena of electromagnetism. 
Amongst his most significant discoveries of 
this time was that of electric induction 
across great distances, leading him to take 
the side of those who advocated an all- 
pervasive ether, thus anticipating in certain 
respects the more comprehensive theories 
of Maxwell. 

In the correspondence a note that 
constantly reappears is that American 
science must at all costs be protected from 
the quacks and the charlatans (amongst 
whom he numbers the egregious Samuel 
Morse). In this respect New York was 
worse than Philadelphia, but the danger 
was endemic in a small beleaguered 
community of science that lacked the 
checks and balances of its older European 
counterparts. Much could be learned from 
Europe, of course, and America had its 
English-sounding Society for the 










Promotion of Useful Arts, while the 
American Association for the Advance- 
ment of Science was consciously modelled 
on the British equivalent. But Henry (who 
had been unfairly savaged at a BAAS 
meeting a few months earlier) very much 
preferred a meritocracy of science to the 
arrangements in Britain, in which 
“wisdom” and ‘‘ignorance’’ were mixed 
and where the Society was ‘‘quite as 
aristocratical as the government of the 
nation”. Thus we are offered a view of 
British science which is rather different 
from that purveyed by the popularizers and 
promoters in Britain itself, 


As in previous volumes of this series 
there is a short introduction, very full 
footnotes (which include indications of 
variant readings) and an excellent index. 
Diagrams are reproduced in facsimile and 
there are several pages of portraits and 
illustrations. One or two editorial 
statements raise an eyebrow here and there 
(for example that the preparation of 
magnesium was ‘‘first reported” in 1831) 
and on p.310 two lines have been 
transposed. However, as we have come to 
expect, the standard of production is 
generally superb, with the luxury of 
footnotes at the bottom of the page or at 
the end of each document. Wher several 
publishers are charging twice as much for 
shorter works, with much less lavish 
presentation, this book is arare bargain for 
all concerned with history of nineteenth- 


grey, 


century physical science. a 





Colin Russell is Professor of History of Science 
and Technology at the Open University. His 
most recent book, Science and Social Change, 

will be published by Macmillan, London, later 
this year. 
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in geomorphology 
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GEOMORPHOLOGY, the science which seeks 
to understand the processes which shape 
the surface of the Earth, lies in the 
borderland between geography and 
geology. In the United States it is firmly 
based in geology. In Europe, however, 
most of the recent major developments in 
the subject have, by and large, been the 
work of physical geographers. The British 
Geomorphological Research Group, for 








whom this volume is edited, T as 
subject group of the Institute of Briti 
Geographers, been in the forefront i 
research in this field. Thus it is enti 
appropriate that an attempt to bring 
together those techniques, both field and 
laboratory, most appropriate to the — 


discipline should emanate from this active 


and distinguished group of geographers. In 
a sense, the book is a natural development _ 
from their successful series of Technical 


Bulletins, two-thirds of which are referred a 
to in the text. It does, however, go well == 7 


beyond the scope of that series. 


A prime objective ofa ‘‘manualofuseful = 
techniques” should betoprovideaworkof 
reference for those who wish to improve 
their technical repertoire. Kummel and 
Raup’s Handbook of Palaeontological __ 
Techniques (W.H. Freeman, 1965) is an 


example of what can be achieved. In its - 
better sections, Geomorphological. - 


Techniques matches the high standards set. / 


in that volume — Parts 3 (Material . 
Properties) and 4 (Process) are as useful. 


and authoritative summaries asthe readers 
of the book could hope to find. In others, 


however, notably the first two parts on 
form and time, the techniques are enclosed 
in a matrix of theory and philosophy which 
suggest a textbook rather than a manual. In 
falling between two stools the value. of 
these parts is reduced. 

Inevitably, in a volume arranged on the 
basis of form, materials, process and time, 
and written by more than 30 authors, there 
are some techniques which have been 
inadequately dealt with or even omitted, 
Topographic survey methods such as 


levelling are superficially treated. Plane __ 


tabling, which one would have thought to 
be basic to students of landforms, is totally 
omitted. The collection of samples with the 
aid of augers, corers and drills is scarcely 
mentioned, with the notable exception of 
the section on glacial processes and that on 
peats and lake sediments. In addition, the 
coverage of tracer techniques is woefully 
inadequate. l 

Surprisingly, for a work of this calibre, 
there are some remarkably superficial 
statements. On p.8, for example, it is 
asserted that ‘‘During the predominance of 
denudation chronology, data acquisition 
was dominated largely by qualitative field 
observations and subjective map 
analysis”. No one who had been in the field 
with Wooldridge or Cotton, or who had 
attended a class in cartographic analysis 
with Hollingsworth, could conceivably 
have made such such a meaningless 
generalization. 

Despite its imperfections this is a useful 
contribution to this vigorously growing 
Science. It is the best available 
comprehensive treatment of the subject 
and is destined to be the standard work for 
some time to come. e 


C. Kidson is Professor of Physicai Geography 
and Head of the Department of Geography at 
the University College of Wales, Aberystwyth. 
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-WitH the appearance of the automated ion 


exchange column method of Spackman, 
Stein and Moore in 1958, amino acid 






-Analysis became one of the most important 


analytical techniques in biochemistry. 
Since that date there has been much 
| research effort put into obtaining both 
faster and more sensitive analyses, and this 
has enabled the study of proteins, peptides 
and amino acids to be extended into many 
fields. 


-> Proteins having unusual properties (e.g. 


> anti-freeze protein) or specialized 


functions (e.g. receptor proteins on cell 


membranes) are being continually 


discovered and isolated, as are peptides 
and non-protein. amino acids with im- 


portant physiological and pharmacological 


properties. 
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This volume consists mainly of the 
papers given at a symposium, “Amino 
Acid Analysis in Clinical Chemistry and 
Medical Research’’, held in Edinburgh in 
June 1979. Thus the short title of the book 


is misleading — this is not a book for the 


reader whose primary interest is in protein 
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analysis or in methodology. The volume 
consists of 24 chapters and is divided into 
four parts. The first, on technical 
developments, contains 9 chapters which 
deal with analysis per se and review briefly 
the history of amino acid analysis, 
fluorimetric detection techniques, gas 
chromatographic methods, mass 
spectrometry, derivative spectroscopy and 
chemiluminescent nitrogen analysis. (The 
brief contribution on phenylthiohydantoin 
amino acids, however, does not have a 
logical place in this book.) The reader who 
may have accepted at face value widely 
disseminated statements that ‘‘today, it is 
possible to analyse picomole levels of 
amino acids in protein hydrolysates in th 
with the automatic loading of up to 80 
samples’? (p.138), with complete 
computation and print out of the results to 
an accuracy of 3 per cent (see p.132), 
should read the chapters on standards and 
accuracy (R. P. Ambler) and collaborative 
trials (A. P. Williams). These should 
induce in the researcher a much more 
critical approach to the ‘“‘print-out’’ of 
results obtained from the computing 
integrator! 

The raison d’être for this volume lies in 
the last 15 chapters, which have been 
divided into separate parts under the 






headings - of amino acid analysis. in, 
respectively, physiological processes, 
systemic disease and congenital disorders. 
There is much of interest here, presented i in 
easily readable form, but theemphasis ison 
results obtained in a. physiological and 
clinical context, and not on the methods 
used. Thus there are chapters related to 
protein digestion and absorption (our 
knowledge here is still very inadequate), 
the effect of protein quality on plasma 
amino acid levels in low birthweight babies 
and plasma amino acids following 
parenteral nutrition of the newborn, and in 
chronic renal failure, acute liver failure and 
alcoholism. The specific analysis of 
3-methylhistidine and hydroxyproline as a 
measure of protein breakdown, and amino 
acids as neurotransmitters are also 
discussed. Two contributions give 
generalized accounts of amino acid 
analysis in the study of inborn errors of 
metabolism, whilst others are devoted to 
homocystinuria, Wilson’s disease and 
spina bifida. 

All chapters include adequate references 
for further reading. But it should be noted 
that a new word — ‘‘exteriorisable”’ 
(p.153) has crept into the English language: 
this inborn error of grammar should be 
quickly eliminated. E 


e 


A. Darbre is Senior Lecturer in Biochemistry at 
King’s College, University of London. 


Synmetals: a new branch to polymerization 


Herman Mark 


Semiconducting Polymers. By Marian 
Kryszewski. Pp.710. ISBN 83-01-00818-0. 
(Polish Scientific Publishers, Warsaw: 
1981.) $35. 





For many years synthetic organic polymers 
have been of considerable interest and 
value for their mechanical and thermal 
properties such as rigidity, strength, 
elasticity, high softening range and 
chemical stability. With these properties 
they have been very useful in a variety of 
industries, textiles, films, sheets and 
plastics, for example. Several years ago, 
however, these materials underwent a sur- 
prisingly rapid development as 
‘‘synmetals’’, that is, systems which can act 
as conductors or semiconductors. Their 
preparation and tailoring for the second 
application has now grown into a science 
and technology of considerabile 
proportions. 

Marian Kryszewski’ S Semiconducting 
Polymers is the first comprehensive 
treatment of this new field. It serves a two- 
fold purpose: first, it familiarizes the 
reader briefly with the basic principles of 
semiconduction, and then it describes how 
this intriguing property can be obtained 


= with organic polymers. 


There are two principles which serve to 
establish semiconductivity in such systems: 
the presence of polyconjugated chains and 
the availability of charge transfer 
complexes. The largest part of the book is 
reasonably devoted to the description of 
polyacetylene because this has been more 
closely investigated and has already led to 
semiconductors of wide potential 
application — f.i. in the construction of 
new types of photovoltaic cells, pace- 
makers and thin electrical batteries. 
Also included in the account of their pre- 
paration and behaviour are descriptions of 
their photoconductivity, magnetic charac- 
eristics and catalytic activity. 

The author has been through his topic 
with great assiduity and diligence. For the 
generally interested reader he has provided 
a lucid and attractive story; the expert, too, 
will be grateful to him for the 3,000 or so 
references which constitute a compre- 
hensive bibliography. 

This is a remarkable book and, as the 
new field grows and unfolds, it may well 
one day be seen as a classic. c] 


AARAA AEAN A N ritmar m r eh ahar raaa ar rhaa ra arana ra rinra 
aT 


Herman Mark is Dean Emeritus of the 
Polytechnic Institute of New York. 













Can change damage your mental 
The US Court of Appeals says that environmental impact statements should cover 
hological factors, giving environmental pressure groups a licence for ma yhem. 





“The United States Appeals Court in Washington has put a 
pistol, perhaps even a bazooka, into the hands of opponents of 
new developments of any kind. The court has now ruled (see page 
179) that electricity cannot be generated at the undamaged reactor 
at the Three Mile Island site on the Susquehanna River in 
Pennsylvania until its luckless owner has shown that the mental 
health of the local population will not as a result be damaged. The 
decision is important not merely because it may be the straw that 
breaks the back of Metropolitan Edison but because it can in 
principle apply to any project caught by the Natural 
Environmental Policy Act, 1970. 

So far, impact statements have been attempts to anticipate 
physical, biological and social consequences of new 
developments. In many ways, they have been interesting and even 
important documents. The impact statement on the Alaskan 
pipeline may even now be the handiest source of information on 
the migration of caribou, for example. 

Impact statements as they are suffer from a common 
imbalance. The most tangible and easily anticipated 
consequences of some new development are covered in great 

_ detail. The species of flora and fauna within striking distance of a 
development site are usually catalogued in detail, as are the 
volumes of traffic expected on the highway system. (Farseeing 
developers do their best to recruit the help of the local university in 
carrying out this kind of work.) The less tangible but usually more 
important issues raised by new development projects are, perhaps 
inevitably, given less close attention. While it may be possible to 
estimate the long-term consequences of a new development for 
the economic development of a neighbourhood, even that kind of 
calculation is necessarily shot through with sources of error. And 
so far, those responsible for preparing impact statements — itself 
a kind of growth industry — have shrunk from trying to estimate 
whether a development will make the local population happier. 
The importance of last week’s decision is that it requires not 
merely the owners of the Three Mile Island nuclear site, but in 
principle all other managers of public works in the United States, to 
show that their proposals will not bring psychological damage. 

The objective is laudable but the task which it implies is both 
impossible and, on grounds of principle, irrelevant. What has 
happened around Three Mile Island since the accident in March 
1979 should have given the Appeals Court pause. The population 
in the neighbourhood of the reactor has understandably been a 
focus of interest for social scientists seeking evidence of the minor 
psychological consequences of such an occurrence. Most 
accounts of these investigations appear to agree that during the 
immediate crisis, people living within fifteen miles or so of the 
damaged reactor consumed more sleeping pills than those living 
further off. Some of these habits persisted for as much as nine 
months, but Dr Peter Houts of Pennsylvania State University, the 
author of one of the most through investigations of this kind, says 
that his latest survey, in October last year, shows no residual 
measurable consequences of the reactor accident. Other studies, 
reported by the Kemeny Commission, suggest that at no stage 
were the signs of stress reported by the local population sufficient 
in frequency and intensity to qualify as psychiatric illness. 

Against this background, it is inconceivable that environmental 
impact statements purporting to describe the psychological 
impact of some new project can be more than fanciful fiction. It is 
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just conceivable that, as at Three Mile Island, it might be possible = 
to measure something tangible. But how, in the absence ofarange _ 
of studies in the neighbourhood of sites capable of generating 
serious accidents will it be possible to predict the psychological _ 
Stress caused by some new development? Will the federal _ 
government be expected now to sponsor essential baseline _ 
investigations of the incidence of minor symptoms of anxiety 
among people living near, say, Titan missile silos, or projected 
missile sites as well as nuclear reactors? What is the chance thatthe _ 
results will be statistically significant? And what use willtheybeto 
the drafters of future environmental impact statements? ws 
Even if the measurements the court supposes could be made ne 
were made, however, they would be irrelevant. Provided that 
development projects are not so awesome that they topple people Lae 
over into frank psychiatric illness, the all-important question _ 
becomes that of whether there should be a moratorium on all 
development projects likely to increase the general level of anxiety o oo 
in the population. Presumably hydroelectric schemes of all kinds o 
would quickly be stopped, however necessary their output of 
energy. So too would most defence projects and all nuclear - 
projects. The result would be a nonsense, so that the court's 
decision must be changed. But that will take time. Meanwhile, 
environmentalists have a licence to do irreparable damage. 


Paying the price for coal | 
The British coal industry, again in crisis, should 


be either closed or administered logically. 

In February 1974, the then Conservative government called a 
general election in the wake of a damaging strike about pay by... 
British coal miners. The central issue at the election was the. 
government's question ‘‘Who governs Britain?” — the elected 
government or the miners. The rhetorical question was never 
answered, although Mr Edward Heath, prime minister at thè _ 
time, was clearly told that it should not thereafter be him. A 
similar tangle with workers in nationalized industries among : 
whom the coal miners were again conspicuous put paid to the 
government which succeeded his, in the spring of 1979, and paved 
the way for the present administration, It is therefore inevitable 
that Mrs Thatcher and her colleagues should be nervous about the- ee 
outcome this week of the ballot among the miners, who are being © 
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asked by their leaders to agree that there be another str 
again over pay, if one should ‘be necessary’’. Pollsters and 
- soothsayers guess that, this time, the voting will be so close that 
there wiil not be a clear mandate for a strike, in which case the 
government will claim a victory for good sense and for its policies 
-ofthe past two years, miners’ pay will increase by 9.3 per cent and 
everybody will forget about the issue until next year. That would 
-be a serious mistake. What the British government should now be 
‘asking is whether Britain needs a coal-mining industry, or can 
fford one. | 
On strictly economic grounds, the mining of coal in Britain 
hould be stopped. The cost of producing and distributing British 
‘oal within the United Kingdom is more than that of importing it 
rom the United States and even from Australia. For several 
| -years, the nationalized National Coal Board’s chief customers, 
- the nationalized Central Electricity Generating Board and British 
- Steel Corporation, have been muttering about the advantages of 
importing coal, and did indeed buy 5 million tons of coal from 
overseas in 1980-81. Given encouragement, these two customers 
for domestic coal production (which take well over three-quarters 
of total output) could profitably import more. In reality, they are 
being pushed in the other direction by the National Coal Board 
~~ and by the miners, chiefly by being offered British coal at prices 
o -well below the average cost of production. The British govern- 
ment provides a modest subsidy to this end, but not nearly enough 
to. make good what the coal board loses on the transactions. Two 
-< consequences follow inexorably. By hanging on to its chief 
-domestic customers, the coal board is forced to charge others 
more than would strictly be necessary. But, even so, the coal 
---“board’s accounts are perennially in deficit. The British 
government, although perpetually preaching economic realism, 
and the coal board are in collusion to make water run uphill. 
_... > Although this curious state of affairs has arisen because of the 
-= determination of British coal miners not to let production fall still 
further — it has halved in a quarter of a century — it should have 
been nosurprise. More than a century has passed since W. Stanley 
-Jevons argued in The Question of Coal that British industry as a 
whole was vulnerable to competition from abroad because of its 
dependence on deep-mined coal, inherently more costly than the 
< coal from thick near-surface deposits such as those in the plains 
-~ -states of North America. (Forgivably, Jevons did not anticipate 
- the phenomenon of Japan, industrially competitive with hardly 
_ any indigenous fossil fuel.) The British coal industry, like the 
_.. more heavily subsidized coal industries of Belgium, France and 
_ West Germany, is victim to the geology of all extractive 
industries. The British coal board would be more competitive if it 
© were more free to concentrate production on those coal fields in 
which seams are thicker and more accessible, but its employees 
-will not let that happen. The board’s plan to shut twenty 
uneconomic coal mines during 1981 was modified after a series of 
strikes, and in the event only ten were shut. Given that failure, 
-..- economic logic would suggest that British users of coal should be 
encouraged to meet their needs from abroad, and that the British 
~ coal-mining industry should find its own presumably shrunken 
-Jevel at which costs and prices are in some kind of balance. 
<- There is no prospect of this happening. For half a century, the 
-politics of coal mining have overridden economics and common 
sense. In present circumstances, the coal board has a minor point 
<in its arguments that the cost of imported coal is now lower than it 
~ would be in normal times because the cost of shipping is depressed 
by the world recession. The board and the government are, 
however, united in their belief that the British coal-mining 
industry is strategically necessary — a hedge against the 
emergence of an Organization of Coal-Exporting Countries or 
some other improbable development of that kind. The argument 
would be more convincing if it were made explicit, and if its 
implications were followed consistently. First, there is no reason 
why strategic considerations should require 100 per cent self- 
sufficiency. Why not 80 per cent, or 70 per cent, or some other 
= proportion of present consumption? Second, if the high cost of 
< domestically produced coal is politically and financially an 
embarrassment, the British government should become the active 
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substantial source 
tations. Third, and most 
immediate, if the case for keeping alive the British coal industry is 
strategic, should the government continue to insist that the sub- 
stantial hidden costs of that policy should fall primarily on those 
who use it? The result is that the coal board has to sell its product 
at too high a price to unwilling customers, thus ironically under- 
mining the objectives of keeping some kind of coal-mining 
industry in good shape — and needlessly increasing industrial 
costs at the same time. The British government, which has 
enthusiastically embraced its predecessor’s policy of charging the 
international price for oil from the North Sea, should now do the 
same for coal. Then at least the cost of the present policy would be 
explicit in the government’s accounts and not hidden in those of 
the coal board. 


Ice age or melt-down? 


Recent winter mid-latitude weather has been 


awful. But it is a fluctuation, not a cataclysm. 


After a couple of weeks of unexpected but seasonal cold 
weather in Western Europe and North America, the public 
rumour mills are grinding out news that there may be another 
glaciation around the corner. A host of people who should know 
better, many of them professional earth scientists, have been 
engaged in grave televised discussions about the chances that a 
few days of snow and slush either presage the return of the ice 
sheets (this time without bison and mammoth) or are paradoxical 
accompaniments of the general increase of atmospheric 
temperature to be expected from the accumulation of carbon 
dioxide in the atmosphere. Television interviewers have been 
visibly discomfited by this apparent assault on common sense, 
and have usually chosen to leave their audiences with a reminder 
that the ways of scienee are incomprehensible, and that if a 
suitable qualified gentleman has said that it has been devilishly 
cold because the earth is getting warmer, he must be right. 

The truth, of course, is that none of this rambling is relevant to 
the past weeks’ weather, in Western Europe, North America or 
anywhere else. The meteorology of Western Europe’s admittedly 
wretched weather is easily described and is even familiar. The 
usual stream of depressions across the Atlantic was diverted from 
course by an apparently stationary centre of high pressure over 
Scandinavia. As a result, relatively warm southwesterlies were 
replaced by cold northeasterly winds. Closely similar stationary 
high-pressures centres occur most winters inland of the western 
seaboard of Eurasia, but not always at the same longitude. The 
intriguing question is why such high-pressure centres should be 
stationary. The simple answer is that nobody knows. The more 
complicated answer is that many people are trying to find out. 
Whether the frequency or durability of such high-pressure centres 
are positively correlated with the atmospheric concentration of 
carbon dioxide is plainly an unanswerable question, and will 
remain so until the mechanism of what the meteorologists call 
blocking is understood. 

So is there no choice but to regard the past few weeks’ weather 
as a Statistical fluctuation on the usual pattern? None. Are the 
climatic consequences of all that extra carbon dioxide still in 
doubt? Yes. And is there a prospect of being able to walk once 
more from Britain to France as at the peak of the most recent. 
glaciation 18,000 years ago? No, too little is known. That, when 
the next season of blizzards (or of droughts) comes round, is the 
public message that the professionals should seek to put into 
circulation. It is something of a triumph, for the public 
understanding of the world we occupy, that people’s 
imaginations have been caught by knowing that there is no way of 
distinguishing between the present period and one of the earlier 
Pleistocene interglacials. It serves no purpose to corrupt that state 
of affairs with over-sharp predictions of what the future holds. 
One swallow does not make a summer, nor one blizzard a 
glaciation. 
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Court delays 
l start at Three 






Washi ston j 

In a ‘precedent-setting decision, the US 
Court of Appeals in Washington has 
decided not to allow the Metropolitan 
Edison Company of Pennsylvania to 
switch on the undamaged power plant at 
Three Mile Island, near Harrisburg, until it 
can demonstrate that such a move would 
not adversely affect the mental health of 
people living in the area. 

The immediate impact of the decision, 
which reverses a ruling by the Nuclear 
Regulatory Commission (NRC) that 
psychological factors do not necessarily 
have to be taken into account in deciding 
whether to allow nuclear plants to start 
operating, will be to delay for several more 
months the start up of “Unit One” at 
Three Mile Island. The reactor was un- 
damaged in the accident which occured to 
its twin, Unit Two, in March 1979, and 
since then has been considerably modified 


»,. to improve safety. 


The ruling, however, which was made by 
two of the three members of the appeals 
court, could have a significantly wider 
impact. For the first time it means that 
although the powerful Natural Environ- 
mental Policy Act of 1970 does not require 
“psychological factors to be taken into 
account when the social impact of a federal 
decision is being assessed, the act can be 
interpreted as allowing such factors to be 
included. 

The Three Mile Island accident resulted 
in a small amount of radioactivity being 
discharged into the environment but no sig- 
nificant extra radiation exposure to indi- 
viduals, so nobody suffered physical health 
damage as a result. The principal focus of 
interest, therefore, has been on the psycho- 
logical implications of the accident. 
Arguments about the psychological 
imi act of the accident have been 
< continuous since it occurred. Civic 
< Jeaders:warned NRC that thousands of 
- people might bedriven from their homes by 
fear of radiation if krypton gas was allowed 
to be vented from the crippled plant. Some 
claimed that “‘riots’’ might result as a 
possible manifestation of the population’s 





- nervousness. 


Such arguments have, until now, fitted 
uneasily into the institutional mechanisms 
set up to cope with the social consequences 
of major technological actions. Thus when 
Metropolitan Edison applied to NRC to be 
allowed to start up the undamaged plant, 
the commission rejected claims from a 
_ local citizens’ group, the People Against 


Nuclear Energy (PANE) of Middletown, 
Pennsylvania, that such a move would 
have sufficient psychological effects to 
make it necessary to take these into 
account, 

The request from PANE had been sup- 
ported by the members of NRC’s own 
Atomic Safety and Licensing Board — 
partly on the grounds that taking such 
factors into account while the licensing 
decision was being reached could head off 
later conflict — but was rejected by NRC. 

The Appeals Court has now told NRC 
that it was wrong, and has directed the 
commissioners to conduct a broad assess- 
ment of the effects that starting up Three 
Mile Island’s Unit One will have on ‘“‘the 
psychological health of neighbouring 
residents and on the well-being of sur- 
rounding communities’. After that, the 
commission will have to decide whether the 
National Environmental Policy Act 
requires a more detailed analysis of the 
social and environmental impact — 
possibly including a public hearing — 
before the decision to restart the un- 
damaged reactor could be taken. 

The court’s decision was not unanimous. 
In a strongly-worded dissent, Judge 
Malcolm Wilkey argued that by estab- 
lishing psychological stress as a factor 
which had to be taken into account by 
NRC, the court was defining ‘‘an ‘impact’ 
which has never before been considered as 
covered by the National Environmental 






"THERE'S REALLY NOTHING TO ` 
WORRY ABOUT." 






Policy Act”, a move which, he said, had 
‘‘enormous consequences’’. SEs 


The decision was greeted with gloom at : : a 
Metropolitan Edison, which had been 
hoping to start up Unit One within the next 


few days, and which was depending on 


revenues the reactor would produce from 
the sale of electricity to help coversomeof. 
the costs of the clean-up at Unit Twowhich 
are already threatening to force the utility == 


into bankruptcy. | 
Predictably, the appeal court's decision. 


was welcomed by members of PANE. The 
group had argued that the inclusion of 
psychological factors should be partofthe = 
responsibility of licensing institutions to 
protect the public health and safety, as 
defined in the Atomic Energy Act of 1954. 

David Dickson 


European nuclear safety policy attacked 


Brussels 

Has the Euratom treaty, which binds the 
European Community’s nuclear energy 
policies together, been properly inter- 
preted and applied? A lengthy report by the 
leading Belgian socialist member of the 
European Parliament, Anne-Marie Lizin, 
suggests not and attacks the lack of pro- 
gress towards achieving the aim of a Euro- 
pean zone of unified nuclear safety 
standards. 

Lizin’s report was the subject of heated 
debate in the European Parliament’s 
Committee on Research and Energy, where 
91 amendments were proposed. Having 
looked in detail at EEC’s activities in the 
fields of radiation protection, reactor 
safety, decommissioning, safety of the fuel 
cycie and the national nuclear inspection 
services, Lizin concluded that the Euratom 
treaty is outdated and vague and that the 
European Commission has made too little 
use of its powers under the treaty. 

Lizin alleges that when the treaty was 
first drawn up, more than 20 years ago, too 
little consideration was given in the nuclear 
energy development plans to reactor safety 
and worker protection. Since then, the 
member states have proved reluctant to 
provide the European Commission with 
effective consultation procedures for all 


decisions concerning the location and 
operation of nuclear power stations. In 
Lizin’s native country, Belgium, the licence 
to build a nuclear power station is granted 


independently of the initial safety analysis, So 
and given the fact that too many nuclear” 


power Stations are built close to frontiers or 
use shared river systems, the report 
complains that there is too little 


consultation on measures to protect : a 


workers and local populations. 


The report goes on to say that although 
the Community has been efficient at listing = 


methodologies, standards and safety 


criteria, work on listing similarities and = 


differences among the member states has — 
been too slow and the Community has yet 
to go on to the third stage of putting for- - 
ward its own regulations. This work has 
largely been left to other international 
bodies such as the Organization for . 
Economic Cooperation and Development 
and the International Atomic Energy 
Agency. Lizin attributes particular impor- 
tance to the Super-Sara project but calls for _ 
more studies into the safety of gas-cooled » 

and heavy water reactors. The problems of 
waste management and recycling are given 


particular attention because the report = 


considers that this field requires intense 
supervision by an independent public 
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authority. 

The role of the Community in the 
decommissioning of nuclear plants is 
reassessed. Lizin suggests that EEC’s 
financial instruments, such as the regional 
fund, could help and that electricity 
companies or utilities should be asked to 
pass on decommissioning costs directly to 
the consumer. Lizin’s lengthy list of 
recommendations also tries to sting the 
Commission into providing stricter sur- 
veillance of the work carried out by 
national supervisory authorities. 

Undoubtedly something akin to the steel 
crisis, which made many realize the 
immense emergency powers invested in the 
Commission by the treaty of the European 
Steel and Coal Community, will be 
necessary to bring the strength of the Eura- 
tom treaty into play. But Lizin’s awareness 
of this possibility has been heightened by 
the controversy surrounding the 
enlargement of the French nuclear power 
site at Chooz, a few kilometres from the 
border with Belgium. Notwithstanding 
local and national protests from Belgians, 
and the French socialist party’s preelection 
promises, the French Prime Minister, 
Francois Mitterrand, still seems set on 
increasing the number of nuclear reactors 
there. Jasper Becker 


French colloquium 


Science passion 


Paris 

The great national colloquium last week 
on the state of science in France was 
sometimes like a high mass, sometimes 
more like a giant committee meeting. And 
although, after six months preparation, the 
colloquium (which was strictly advisory) 
displayed few radical disagreements, the 
test of its success will come only with the 
publication of a new law to be put to the 
French Parliament in the next few weeks. 

The theme running through the four-day 
meeting was uplifiting. M. Jean-Pierre 
Chevènement, Minister of State for 
Science and Technology, told the closing 
session that ‘‘the highest authorities of the 
state” have decided that scientific research 
is vital ‘“‘for the successful change and 
future of our country’’. The highest 
authority himself, President Francois 
Mitterrand, had set the ball rolling with a 
declaration that ‘‘only a gigantic effort in 
research” will allow France to master its 
technology and thus make certain of its 
independence. 

Both the President and his Prime 
Minister, M. Pierre Mauroy, were, 
however, anxious that the forthcoming 
expansion of science in France should 
follow the ‘‘wishes of society’’. Mauroy 
also wishes to reintegrate science into the 
wider culture of France from which he 
thinks it has been too long isolated. But to 
Chevènement himself, ‘‘science is a 
passion and France needs passion’’. Since 
the election in May 1981, he said, hostility 































Paris 

There were no bateaux mouches, the 
‘firefly boats” with glass roofs, on the 
Seine last week. The river was a torrent 
almost filling the arches of the bridges 
and menacing the city. It was much the 
same with /a vague Chevènement (the 
Chevènement wave) as one paper 
dubbed it. The Minister of State for 
Science and Technology, Jean-Pierre 
Chevènement had organized all the 
tributaries of science in France, and in 
its overseas territories and departments, 
to converge on Paris. 

The organizers of this national collo- 
quium for science and technology 
estimated that there had been nearly 
200,000 pages of written contributions 
to the colloquium and its regional pre- 
decessors (held in October and 
November last year). This is almost a 
page for each of the 280,000-300,000 
scientists and technologists in France. 
There were almost 10,000 individual 
documents, all of them arguing over 
which points needed to be changed, 
modified or amplified in the politics and 
organization of science and technology. 

A torrent of words, a torrent of ideas 
and clearly an historic moment for 
French science: Chevénement certainly 
hopes so, for his ambitions go beyond 
science and technology. Last week, he 
did his best to take strict control of the 
colloquium. The 200,000 pages were 
reduced to 950 reviews, written largely 
by people chosen by the ministry. Then 
200 of these reviews were placed before 
12 colloquium committees, also hand- 


to science and technology had been turned 
back. 

Inevitably, on what could not fail to bea 
patriotic occasion, the minister also 
developed his theme that French science 
must increasingly be seen to be French. He 
promised data banks and scientific books 
in French and that the great international 
science journals would be translated. 
Meanwhile, the French cabinet has agreed 
that the volume of government spending 
on science should increase by 17.8 per cent 
a year over the next three years and that 
private industry should be encouraged to 
increase research and development 
investment by 8 per cent a year. This should 
bring French research and development 
expenditure to 2.5 per cent of the Gross 
National Product by 1985. Jobs will be 
created at the rate of 4.5 per cent a year over 
the same period. 

All this has given the minister for science 
more spending power and more influence. 
He already controls almost all the forward- 
looking agencies of the Ministry of 
Industry and is thought to be lobbying for 
the merger of that ministry with his own. 

Chevènement is nothing if not visionary 
and ambitious. The politics of health 


River of words, mountain of paper 





picked. And the committees reduced 
these to 40-page summaries, which were 
then discussed. 

Neither colloquium nor committees 
were empowered to take decisions. And 
even the most apparently practical 


. 





=. 


committee, that on finance, was 
required to discuss only principles: such 
sordid matters as actual figures and per- 
centages were set aside. 

Nevertheless, there had been 
attempts to make the composition of 
the committees representative. There 
were more than 100 people in each 
committee, making 1,500 in all, drawn 
from three categories — 200 were 
directly involved in preparing the 
national colloquium and the regional 
summaries, 500 were from institutions, 
such as industries, the principal science 
funding bodies, ministries, universities 
and unions, Robert Walgate 


depend on research, he said, as do the 
politics of labour and employment. Science 
and technology could increase French 
independence while the creation of a 
“French pattern” for the organization of 
science could be a model in fields other 
than science and technology. 

The new law, to be prepared in the next 
few weeks, will define new contracts of 
employment for researchers, set financial 
targets for institutions and set the ‘‘French 
pattern’’ of research for 1983-85. The 
expectations are that the law will leave most 
institutions unchanged except for the 
introduction of union representatives on 
certain committees. But the law will 
provide for new small-scale technical 
enterprises and regional centres of 
development in certain fields. 

Under the promised arrangements, there 
is to a new high-level advisory council 
together with regional advisory 
committees. Social science, Chevénement 
said, needs to be impelled forward. And 
what is it all for? ‘*Tospread knowledge, to 
push back anti-scientific prejudice, to 
assure the progress of the sciences of man 
and society, to maintain or re-establish 
French.” Robert Walgate 
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- All change now 


Of the central functions of the 
University of London, only the students’ 
-union is wholeheartedly applauded for its 
efficiency in the final report of the 
Committee on Academic Organization, 
published last week. The committee, set up 
in March 1980, was originally intended to 
recommend a new organization for the 
7 university. After last summer’s financial 
cuts, the committee’s terms of reference 
were redrafted to exclude the main 
teaching institutions. 

One conspicuous recommendation in 
the report is that the university’s Nuclear 
Reactor Centre (at Silwood Park in 
Berkshire) should either be closed or, 
preferably, transferred to Imperial 
~ College. The committee says that the 
centre’s chief function is research, and that 
it should be possible for the centre to find at 
least half its total cost of £220,000 a year in 
research grants. 

Among other recommendations are the 
continuation of the Marine Biological 
Station on the Clyde (administered jointly 
with the University of Glasgow) and the 
Institute of Archaeology. The report also 
suggests that the university could save 
£100,000 a year by closing its Botanical 
Supply Unit. 

The most serious criticisms are of the 
central administrative machinery. The 
court department (which shares out the 
university’s public grant) is too secretive, 
and urgently in need of computer 
techniques, the examinations department 
is overstaffed and the university’s network 
of academic committees has outlived the 
time when ‘“‘the need and even the 
opportunity for taking genuine decisions 

. has ebbed away’’. 

In general, the committee comes down in 
favour of a university in which its colleges 
function autonomously, taking more 
control from the centre. But it is also 
against the proposal that University 
College should be financed separately. 

These proposals are for change within 
the existing framework. The committees 
set up last September to recommend new 
patterns of teaching in broad subject areas 
appear to be following an orthogonal 
track. The first of their reports, published 
this week and dealing with the physical 
sciences, starts from the assumption that 
only large departments can be successful in 
research. 

Most of its recommendations are that 
the teaching of science subjects should 
continue at four colleges (Imperial, King’s, 
Queen Mary and University) and at most 
one other site within the university. A total 
of 58 academic posts in the physical 
sciences would be lost. 

Both sets of recommendations will excite 
Opposition. In each case, the next step is 
discussion by the university’s academic 
committees and the senate. 
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AT&T pact hits snag 


Washington 

A federal judge in Washington has 
injected an element of uncertainty into 
plans to reorganize the giant American 
Telephone and Telegraph Company 
(AT&T) by announcing that, although 
the federal government and the 
company have agreed on terms for 
suspending the anti-trust suit filed by 
the Department of Justice, he is 
unwilling to dismiss the suit without 
further study of the agreement. 

The Reagan Administration 
announced the settlement with AT&T, 
the largest company in the world, on 8 
January. Under the terms of the agree- 
ment, AT&T has agreed to sell off 22 
local telephone companies, with assets 
worth around $80,000 million, in return 
for being allowed to enter other fields of 
telecommunications, such as electronic 
data processing, from which it had 
previously been excluded. 

US District Court Judge Harold H. 
Greene, who has been hearing evidence 
in the government’s case against the 
company since 1978, said last Tuesday 
that he was ‘‘delighted that a settlement 
had been reached’’. At the same time, 
however, apparently concerned at the 
secrecy and speed of the negotiations 
between the company and the Justice 
Department, he has refused to dismiss 
the case without further scrutiny of the 
terms of the agreement. Judge Greene 
said that the case was ‘‘too important to 
the judicial process, to the public and to 
the country” to be closed as a result ofa 
“haphazard process’’. 

Judge Greene’s actions are in line 
with a law passed by Congress in 1974 
giving the public an opportunity to 
comment on anti-trust agreements 
between the government and a private 
company before these are concluded. 
The law was passed in partial protest at 
the secrecy which had surrounded 
negotiations between the government 
and AT&T leading to a previous 
consent agreement in 1956. 

David Dickson 


Polish universities 


Ld Ld 

Wings clipped 

Polish universities will resume work by 
mid-February, according toa communiqué 
issued on 10 January by the ruling Military 
Council of National Self-Defence. Tertiary 
education establishments, it says, will 
function “‘taking into account regulations 
deriving from the decrees on the state of 
martial law’’ and special rules have been 
laid down governing the running of full- 
time courses during the state of emergency. 
Moreover, resumption of university activi- 
ties each term will be approved on the basis 
of recommendations from the Provincial 


Defence Committee — on i 






in the previous term, the un 
complied with the emergency regul 

The communiqué effectively abrogi 
the liberalization of academic life wh 
followed the signing of the Gdansk acci 
in August 1980. In particular: acade 
and scholarly work is to be censored. ' 
abolition of the censorship of Jearne 
publications was one of the first demands 
of the Academy of Sciences and the un 
versities in autumn 1980, and wa 
embodied in the censorship law which 
came into force on 1 October 1981. so 

University autonomy concerning sylla- 
buses will be restricted. All students will 
have to attend courses in two. foreign 
languages. This means a return tocompul- 
sory Russian, which was abolished by the _ 
Lodz accords that ended the students’ sit-in _ 
last February. New courses and subjects 
will require ministerial approval, which | 
will presumably not be forthcoming for _ 
courses reflecting the ‘“‘plurality of _ 
outlook” promised at Lodz. 

University rectors will now be 
responsible for maintaining order on” 
campus and in students’ hostels. Noo 
student may remain on campus outside 
tuition and library hours, and all staff must 
leave as soon as their working day is over. 

This reverses the spirit of the Lodz accords 

which left law and order on university > 
premises firmly to the university authorities. 
and banned civil police from campuses. : 

Attendance at lectures and classes will be- 
obligatory, and absence without sufficient > 
excuse may result in expulsion. Students 
may also be expelled for infringing Article. 
46 of the decree of martial law, which bans)” 
union activity and the organization of 
strikes and protests. Special classes are to 
be held at the stait of the new session, 
explaining to the students the demands of . 
martial law, and particularly of the new 
oath of loyalty. 

University senates and faculty councils. 
will be reduced to advisory status, and will 
have a composition ‘‘determined by the 
regulations of the law in force’’. This pro- 
vision is ambiguous, since the communiqué 
also says that the universities will operate 
on the basis of the 1958 law on tertiary. 
education — which would mean an end to 
the 30 per cent student participation in . 
senates and faculty councils introduced e 
after Lodz. 

The rectors are instructed to appoint 
special plenipotentiaries to deal with the. 
welfare problems formerly the province of. 
students’ unions and self-governance 
bodies, and will have the right to order thei 
employees to carry out tasks hitherto not- 
considered part of their duties. They may- 
also order students to carry out ‘‘socially - 
useful work” for the university or the 
national economy. . 

During the past year, all Polish uni- | 
versity and technical college rectors have 
been democratically elected — except in 
Radom Engineering College, where an 
attempt to impose a rector who was not so 
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> 4 Academy last week sent a message of 
a _ “sympathy and support” to the Polish 

















jety and the British 


{ Academy of Sciences. The message, 
-signed by. the presidents of the two 
ademies, regrets ‘‘the interruption of 
rmal relationships” between Britain 
d Poland and hopes “‘that they will 
_soon be resumed’’. The message is to be 
| sent to other academies which are 
‘| members of the International Academic 
Union and the International Council of 
_ Scientific Unions. 











< elected led to nationwide student protests 
anda virtual shut-down of academic life. 
At least three rectors have been reported 


to have been interned: Dr Henryk 
Samsonowicz of Warsaw, Dr Jozef 
Gierowski of the Jagiellonian University of 
Krakow and chairman of the unofficial 
rectors’ conference and Dr Janusz 
Ziolkowski of Poznan. How far other 
rectors will comply with regulations which 
seem aimed at reducing them simply to 
disciplinarians is unknown. Vera Rich 


- Finnish-Soviet research 


Arctic collaboration 


_A new Finnish—Soviet Arctic research 
committee will meet for the first time next 
month, to work out a new joint programme 
for the development of the Soviet Arctic. 
The formation of the committee comes at a 
critical point in Finnish-Soviet relations: 
the retirement from politics of President 
Urno Kekkonen, the chief architect of 


: _. Finland's policy of neutrality coupled with 


close economic cooperation with the 
Soviets. 

Earlier this month, Mr Ahti Karjalainen, 
head of the Bank of Finland and chairman 
of the Finnish-Soviet economic com- 
mittee, was in Moscow for talks on future 
deals including an icebreaker to be built for 
the Soviets in a Finnish shipyard and a 
contract, worth up to £125 million, for the 
third stage of the paper mills and urban 
development being built by Finnish 
expertise at Svetogorsk, just inside the 
Soviet frontier. 

The new Arctic research committee, 
though essentially a research and develop- 
ment body, will to a certain extent overlap 
the economic agreements. For example, 
Mr Karjalainen has been discussing a joint 
off-shore geological survey for oil and gas 
in the Barents Sea. Accordingly, one of the 
major joint research projects on the agenda 
of the new committee will be devising the 

- technology necessary to construct an oil 
and gas drilling rig on an ice floe. 

Finland has considerable expertise to 
offer its partner. One participant in the new 
committee is the University of Oulu, which 
under the recent policy of decentralized 
and regionalized higher education runs a 
programme of research into the economic 
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and development problems of- northern 
Finland, much of which can be 
immediately applied to work in Arctic 
Siberia. In particular, Oulu will contribute 
a new technique for surveying terrain with 
up to 2 metres of snow cover. Oulu is also 
the seat of the Research Council for Arctic 
Medicine, and has a special laboratory for 
the study of the physiological hazards of 
work in a cold climate. 

The main workload of the cooperation 
will be undertaken by the Technical 
Research Centre (Valtion Tekniken 
Tutkimuskestus, VTT), a government- 
sponsored body whose mandate includes 
research (at cost price) on behalf of those 
who wish to exploit the results but who do 
not have the facilities to carry out basic 
investigations themselves. VTT has 31 
laboratories (26 in the Helsinki area, 3 in 
Tampere and 2 in Oulu). Fifteen of these 
laboratories will be involved in the 
cooperation programme, and it is 
estimated that participation will allow VTT 
to double its research staff in the next few 
years. Finland, with a population of 4.7 
million, has no less than 18 universities, an 
escalation from two over the past 25 vears 
resulting from ‘“‘regionalization’’ policies, 
and employment for graduates who wish to 
remain within the Finnish academic/ 
research structure is a perennial problem. 
A strong swing of public opinion away 
from science in the mid-1970s was by no 
means fully reversed by the then President 
Kekkonen’s call for a reassessment of 
research and development investments in 
his New Year message to the nation in 1979. 
(This was the first time that science had 
been officially boosted since 1964.) 

The new Soviet—Finnish Arctic research 
programme, the details of which will be 
worked out next month, is already being 
regarded by Finnish economists and 
business experts as a major shot in the arm. 
Its effect on graduate employment should 
prove equally beneficial. Vera Rich 


Deep-sea mining 


United States re-think 


Washington 

United States policy on deep-sea mining is 
again in the melting pot. The recent discovery 
of large ocean-bed deposits of polymetallic 
sulphides in various parts of the world has 
significantly raised the stakes in the continuing 
disputes over what form of international regu- 
lation should be introduced to deep-sea 
mining. 

in the United States, plans are already being 
discussed to amend the Deep Sea Mining Act, 
passed by Congress only two years ago. The 
act provides a mechanism for issuing licences 
to US companies wishing to collect manganese 
nodules from the sea bed but could, as it now 
stands, exclude retrieval of the sulphides. 

A different problem exists with the UN Law 
of the Sea Treaty, negotiations on which are 
nearing completion after eight years. The 
current draft of the law is sufficiently flexible 





-to include. ‘poly 












Ti snetallio ‘sulphides t ‘but US 
mining companies, “backed by the State 
Department, are concerned that in its present 
form with no explicit attention to the 
sulphides, the whole question could be put on 
hold indefinitely. 

Although chemical geologists have long 
predicted the existence of sulphide deposits 
associated with rift phenomena on the ocean 
bed, the first discovery was made as late as 
1978 on the sea floor of the East Pacific Rise, 
near the coast of Mexico. Since then, several 
similar sites have been discovered off the 
Pacific coast of the United States, for example 
in the Juan de Fuca ridge off the state of 
Oregon. The minerals involved include cobalt, 
manganese, platinum, zinc and tin. 

The most dramatic discovery so far, 
however, was announced last October by 
scientists from the National Oceanographic 
and Atmospheric Administration (NOAA) of 
the US Department of Commerce. The 
NOAA geologists have found several 
mineralized zones between the Galapagos 
Islands and Ecuador, in the Pacific, which 
they estimate to contain 25 million tons of 
polymetallic sulphides. The high concen- 
tration of copper and iron in the sulphides is 
calculated at about 10 per cent each. Also 
present are lead, molybdenum, vanadium and 
zinc (0.1 per cent each), and silver and tin (0.3 
per cent), with trace amounts of cadmium, 
gold and platinum. 

Whether the minerals in the sulphide 
deposits are sufficiently accessible to be worth 
mining is yet to be determined. The NOAA 
geologists estimate that the total value of the 
metals in the latest find is about $3,000 million, 
and new mining and processing technqiues 
would have to be developed to retrieve them. 

Several large companies such as the 
consortium headed by Lockheed Missiles 
and Space, are already turning their 
attention to the commercial potential of 
the sulphides and are carrying out prelimin- 
ary exploratory surveys. 

Whatever is discovered, mining of the 
sulphides will inevitably be affected by the 
negotiations that have taken place within 
the United Nations since the resources of 
the high seas were declared, by an unani- 
mous resolution passed in 1970, to form 
part of the ‘‘common heritage of 
mankind’’, whose exploitation should be 
regulated in a way that would result in the 
most equitable distribution of benefits. 

Deposits relatively close to national 
coast lines are unlikely to be covered by 
international legislation. In line with pro- 
visions contained in the draft Law of the 
Sea, the US Congress is expected soon to 
begin debating a bill which would create a 
200-mile exclusive economic zone off the 
US coast. The discovery of the polymetallic. 
sulphides will add to the political 
attractions of this bill, since several of the — 
known deposits — such as those in the Juan 
de Fuca ridge — lie wholly. or partially a 
within this distance of the shore. Andifthe — 
bill passes, as seems- likely given the 
expected support of the Administration, 
the companies could begin mining the 
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deposits free of international regulation. 

The deeper deposits, such as those off 
the Galapagos Islands, will create more ofa 
problem. The deep sea mining bill passed 
by Congress two years ago was designed to 
provide US mining companies with certain 
rights that would have to be recognized in 
so-called ‘‘grandfather clauses’’ in any 
international treaty, since the latter would 
require ratification by the US Senate. 

This law would require amendment in 
several places. For example, ‘‘hard mineral 
resources” are defined as any deposit*or 
accretion of ‘‘nodules’’ lying ‘‘on, or just 
below, the surface of the deep sea-bed’’. 
Similarly the deep sea-bed is defined as 
including the subsoil ‘‘to a depth of 10 
metres’’, while polymetallic sulphide 
mineral deposits may extend considerably 
further. 

State Department officials are confident 
that, with the amendment of certain key 
definitional provisions, the act can be 
extended to cover the sulphides. There is 
much less confidence about the impli- 
cations of the Law of the Sea negotiations, 
which Mr Otho Eskin of the department’s 
Office of Oceans Law and Policy says 
raises ‘ʻa very serious question’’. 

Accepting that fundamental changes are 
unlikely to be agreed by the negotiators 
when they meet again in New York in 
March, and that a treaty in some form is 
likely to be adopted by the end of the year, 
the United States has two main alter- 
natives. Either it could sign the treaty 
(which would be taken as a symbolic 
victory by the developing countries, for 
whom the treaty represents the first con- 
crete mainifestation of the ‘*New Inter- 
national Economic Order’’); or it could 
refuse to sign (which could jeopardize the 
chances of United States-based mining 
consortia obtaining the necessary loans 
from the multinational banks). 

David Dickson 


Indian agriculture 


Cattle go West 


Bombay 

India’s ambitious programme of cross- 
breeding its cows with foreign bulls is 
endangering the country’s agriculture by 
creating a shortage of draught animal 
power — the mainstay of farming and rural 
transport in India. This is the finding of a 
survey covering the cross-breeding 
programme in 18 of the 22 Indian states 
carried out by the Bombay-based All-India 
Agriculture and Cow Protection Society 
(AIACPS) founded by Mahatma Gandhi 
40 years ago. 

A five-member team of veterinarians 
headed by Dr M. Y. Mangrulekar 
contacted over 1,600 cattle breeders and 
government crossbreeding farms for the 
survey. Their report just published says 
that the craze for ‘‘westernization’’ of 
Indian cows has resulted in the neglect of 
indigenous milch strains of cattle and has 
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led to shortage of good, sturdy bulls for 
farming operations. 

The survey has revealed that exotic 
crossbreeding has mostly produced 
bullocks which are uneconomical. The 
exotic animals need special grade grass and 
oil cakefeeds and are unsuitable for the 
rigours of Indian agriculture: they get 
easily tired and are unable to walk in the 
sun or plough in wet fields, unlike the 
docile native bulls which live on paddy 
Straw and are at ease in dry and irrigated 
fields. More importantly, the exotic cross- 
bred males have no hump and the 
traditional ploughs do not fit on them. 
Thus the crossbred bullocks have been left 
to starve and die or been sent straight to the 
Slaughter house. The AIACPS report says 
the crossbreeding programme, mostly 
financed by international agencies, is 
actually preparing India to become the 
world’s leading exporter of beef to the meat 
hungry West. The slaughter of male calves 
is leading to a shortage of builocks particu- 
larly in Bihar state where, the report says, 
thefts of bullocks are increasing. 

In states such as Karnataka, cross- 
breeding has been in vogue since the 1950s 
but other states have taken to cross- 
breeding in the past two decades and the 





programme was vastly expanded in the 
early 1970s under the World Bank financed 
“Operation (milk) Flood'’. According to 
the survey, the high pitched crossbreeding 
programme is weaning the countryside 
away from indigenous cattle in favour of 
Holstein—Friesians, Jerseys and Red 
Danes, and good Indian breeds are being 
replaced with unproductive crossbreeds. 

The programme has led to the import of 
bulls, semen, vaccines and insemination 
equipment but has failed to increase milk 
production. The hybrid cows after second 
calving yield less milk than the high- 
yielding native breeds such as Kankrej, 
Sahiwal, Gir and Haryana. The survey also 
revealed that exotic crossbreeds are more 
susceptible to disease than native stocks, 
which has led to increased import of 
vaccines. 

However, government officials maintain 
that the survey findings are at variance with 
their own evaluation. According to Dr 
R.M. Acharya, deputy director general of 
the Indian Council of Agricultural 
Research, Indian cows are not being 
westernized wholesale. ‘‘Only five per cent 
of the cattle population is exotic’’, he says 
and, the humpless crossbred bullocks are 
gradually becoming adapted to Indian 


conditions and their number in farming 
Operations is steadily increasing. 
According to Dr Acharya the cross- 
breeding is not new to India where all the 
military farms have been using exotic 
breeds for several decades. While India has 
indeed some good breeds, according to Dr 
Acharya, only a small per cent of them are 
really high milk yielders. Despite the con- 
troversy officials maintain there is no 
alternative to exotic cross-breeding for 
increasing India’s milk production, which 


is currently estimated to be 23 million 


tonnes annually. K.S, Jayaraman 





Bridging the Indian gap 
New Delhi 

Mrs Indira Gandhi, the Prime 
Minister, announed last week a 
substantial increase of support for 
science and technology. The increase 
will amount to more than 50 per cent in 
this next five years. Mrs Gandhi, always 
sympathetic to science, has accepted a 
proposal put to her by Dr M. S. 
Swaminathan which is intended to 
Strengthen government and university 
laboratories and to improve the quality 
of research. 

Two new technology boards set up by 
the Indian government could ease the 
problem of high unemployment among > 
India’s scientific and technical per- 
sonnel and give a new thrust to bio- 
technology research in the country. 

A National Science and Technology 
Entrepreneurship Board is to be set up 
which will seek institutional credit for 
the 300,000 such unemployed persons 
to enable them to set up self-employed 
units. Surveys will be conducted to 
identify the areas in the country with 
development potential requiring 
scientific and technical support. 

While some areas have a surplus in 
scientific and technical manpower 
(mainly due to unemployed polytechnic 
graduates or postgraduates) other areas 
are experiencing critical shortages. For 
instance, although there are about 4,000 
vacancies for teachers in polytechnics in 
the country, suitable candidates are not 
available. 

The Indian government has. also 
decided to set up a biotechnology board 
to coordinate the functioning of bio- 
technology organizations in the 
country. Its purpose will be to utilize 
new concepts in biotechnology in 
agriculture, industry and medicine. 

Mrs Gandhi said at the National 
Science Congress, India’s biggest 
annual gathering of scientists, held in 
the southern city of Mysore on 3 
January, that biotechnology was a 
frontier area of science, and that the 
country must take advantage of the 
latest technologies which could enable 
India to bridge the intermediate stages. 
Sunil Saraf 
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Referees unmasked? 


Sir — The present climate of open decision- 
making in science has been reflected in the 
printing of signed editorials in British Medical 
Journal (3 October 1981). Surely now is the 
time to consider alternatives to the traditional 
policy of anonymity for the referees of learned 
journals. 

The problems which can arise from such a 
policy have disturbed authers for many years. 
Recently (Nature 25 June 1981, p.608), it has 
been suggested that the disclosure of the 
names of the referees to authors would avoid 
corruption and injustices. The alternative, that 
the names of authors and institutions be 
withheld from referees (Nature 30 July 1981, 
p.402), has obvious flaws and double-blind 
evaluation (Nature 17 September 1981, p.293) 
is unlikely to be attained. 

The publication of the names of the referees 
would give recognition to their responsibility 
and we feel would lead to an improvement in 
the standard of published work. At best, a 
referee can make a valuable contribution to a 
manuscript, which deserves open 
acknowledgement in the published paper. 
Conversely the cursory examination of 
research work has resulted in the growth in 
number of papers of dubious merit, despite 
editorial vigilance. Responsibility for the 
appearance of such publications should be 
shared by the referees and their names no 
longer concealed. 

D.J. LEA 
H. SHEPPEARD 
Robert Jones & Agnes Hunt 
Orthopaedic Hospital, 
Oswestry, UK 


Migration fund? 


Sir — What practical steps are we going to 
take to aid our Russian colleagues who are not 
allowed to leave their country (see letter from 
Dikii et al., Nature 24/31 December 1981, 
p.688)? Perhaps we should look more closely 
at why the Soviet government refuses to let 
them leave; one feels that there must be some 
governmental reason for the actions that are 
taken — it cannot, one hopes, be simply a 
whim of some highly placed individual. 

The Soviet government could argue that it 
has invested heavily in the education of 
scientists and cannot afford to waste this 
investment. But the response to an application 
to emigrate is the withdrawal of scientific 
employment and the investment is lost 
anyway. Perhaps the Soviet government sees 
the use of this scientific education in another 
country as a double loss, and opts for what it 
sees as the better of two bad choices. 

Interested governments, involved in 
scientific migrations, might press UNESCO or 
some similar body (the International Council 
of Scientific Unions perhaps) to set up a 
“Migrant Scientists Fund’’. This hard 
currency fund would be used to alleviate some 
of the injustices caused by scientific migration. 
For example, a country which loses a scientist 
could receive monetary compensation; the 
country to which he goes, which at the 
moment receives a gift of all that expensive 


education and training, would pay into the 
fund. This would benefit many countries, in 
particular the poorer countries which scientists 
tend to leave, and should prove no hardship to 
the rich countries to which they go. New 
Zealand attracts qualified people, but also 
loses quite a number; on balance we would 
probably be drawing from the fund. Australia 
would contribute. 

In the case of the Soviet Union the flow is 
essentially one way, immigration to the 
country is on a very small scale. The fund 
could recompense the Soviet government for 
its lost educational investment and this might 
be a welcome source of hard currency. 
Countries which wish to encourage the 
movement of scientists could actually donate 
to the fund. 

IAN SMALLEY 
New Zeaiand Soil Bureau, 
Lower Hutt, New Zealand 


Vide the Latin 


Sir — in the leading article, page 389 in your 
issue of 3 December 1981, entitled “Tolerance 
but not quarter for creationists”, it is asserted 
that ‘‘creationism is not a part of science but 
an alternative to it”, 

As the word science is derived from the 
Latin scire, to know, would it not have been 
nearer the truth to apply this statement to the 
theory of evolution? While making no claim to 
vast knowledge of things existing, as I consider 
such known things as the cochlea, or the lens 
of the eye, or three-dimensional perception, I 
find creationism truly essential to science. A 
great mind expressed this in Romans Ch. 1 v. 
20:- **The invisible things of God from the 
creation of the world are clearly seen, being 
understood by the things that are made, even 
his eternal power and Godhead.”’ 

D.H.T. Conway 
Weymouth, Dorset, UK 


Areas of neglect 


Sir — I have been following with great and 
increasing interest the profound cogitations on 
creationism in your respected columns. 

However, it is a pity that these discussions 
have been restricted to a particular field of 
biology. Surely there are many other sciences 
that need a thorough overhaul to put them 
into agreement with divine revelation. Take 
astronomy for example. It is high time that the 
godless Newtonian theories should be expelled 
and the Earth returned to its lawful place at 
the centre of the Universe. 

Another science tha is singularly deficient is 
psychology. Modern t_xtbooks never mention 
the well-documented scientific facts of 
manipulation of the human mind by devils. 
Surely some enlightened state administrators 
should provide the necessary funds for an 
experimental investigation of these important 
phenomena. In this respect we have fallen far 
behind what was known in the Middle Ages, 
when at least a number of practical and 
efficient methods were in use for dealing with 
Satanic influences. 

As a final exarnple one could cite acoustics. 


The most important application of this branch of 

physics — the demolicion of city walls by | 

sound waves — is’no longer a fashionable 

subject of study, although new findings in the 

field of surface agqustic waves could provide a 

solution to th ik It is a sad reflection 
tane piesen pa science that 









S.V. VAECK 
Brusseis, Belgium 


DNA and Europe 


Sır — The article by Jasper Becker on the 
EEC safety dispute concerning recombinant 
DNA (Nature 24/31 December 1981, p.686) 
gives a quite correct picture of the situation. 
But Jasper Becker states that the socialists are 
in favour of a community directive. This is not 
quite correct. The socialist group in the 
European parliament has never voted on this 
question. Only the socialist members of the 
environment committee have given their 
opinion. Other members of the group, like me, 
have a different position for a multitude of 
reasons. In my view, only industrial and 
agricultural applications of recombinant DNA 
work should be regulated at an EEC level. 


Fritz GAUTIER (MEP) 
Socialist Group, 
Braunschweie/ Brussels, Belgium 


Brief encounter 


Sir — In your summary ‘‘Hoyle on 
Evolution’ (Nature 12 November 1981, p.105) 
you cite Hoyle as saying that for higher life 
forms to have emerged by chance is 
comparable to the chance that a tornado 
sweeping through a junk-yard will assemble 
the material into a Boeing 747. 

This reminds me of a debate I had some 
years ago with Dr Douane Gish of the San 
Diego Institute of Creation Research. The 
occasion was a symposium in Utrecht 
organized by the Evangelische Omroep, the 
Dutch Evangelical Broadcasting Company. 
This company broadcasts the creationist 
message for several hours per week to Dutch 
audiences via television and radio. At the 
symposium in Utrecht I defended the theory of 
biclogical evolution, and Dr Gish defended the 
biological aspects of creationism. During the 
discussion Dr Gish remarked that the chance 
that amino acids would spontaneously form 
biologically active protein molecules was 
practically zero. I then said: “Dr Gish, if 
somebody had asked me on the day of my 
birth to calculate the chance that one day | 
would have a debate in Utrecht with Dr Gish 
from San Diego, | would have answered that 
this chance was practically zero. Am I 
therefore to understand that you are not Dr 
Gish from San Diego?’’ But my opponent had 
the perfect answer to that one, He said: ‘‘l am 
not here by chance, | was invited!”’ 

MELS SLUYSER 
The Netherlands Cancer Institute, 


Amsterdam, The Netherlands 
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IN the debate over human origins it has 


porto Chimpanzee ; 


become the traditional view that Present Gibbon Great Apes Modern man 

Ramapithecus is the earliest known Neo eet a E “Cen imiaae) ee ee 

hominid. Set against this is the opinion, | Pleistocene greek a ting _ | 

held by a minority, that Ramapithecus is Rican li aa | ba Mon 

more closely related to the orang-utan and | 

is not thus directly connected with the evo- oe Ramapithecus | na i 

lutionary line leading to humans. The latter i i a | : 3 

view receives fresh support in this issue of { \ f | B Lo Somala E 
Nature (p.232) with the description of a : \ ff | | ——| Oo aE 
new skull of Sivapithecus from Pakistan by pigs | a = Spuntabios Foon 
David Pilbeam. The specimen is by far the R J i _ See 

most complete Sivapithecus yet found, and P EENT Orong = utan 

it provides information that was previously ‘ f | 4 

either unknown or based on reconstruc- E PE Gibbons 


tions from less complete material. It will be 
examined here in relation to two important 
issues — the position of the orang-utan in 
relation to other living hominoids and the 
relevance of fossil primates, in particular 
Sivapithecus and Ramapithecus, to 
hominoid evolution. 

-The relationships of the living hominoid 
primates — apes and man — have been 
greatly clarified by the biomolecular work 
initiated nearly twenty years ago by Morris 
Goodman. Three cladogenic events in 
-hominoid evolution have been recognized: 
the divergence of the gibbon from the com- 
mon hominoid stock; the subsequent 
divergence of the orang-utan from the 
Great Apes and man stock; and the most 
recent divergence between man and the 
African apes. As well as defining the se- 
quence of events, molecular anthropology 
has also been used to date these events, us- 
ing the so-called ‘molecular clock’. Many 
uses of the clock have been naive, but pre- 
sent estimates for the three events are: gib- 
bon divergence 12 + 3 Myr; orang-utan 
divergence 10 + 3 Myr; and man — African 
ape divergence 6 + 3 Myr (Andrews and 
Cronin, in preparation). 

Two. consequences arise from these 
results. First, there is no ‘missing link’ be- 
tween apes and man. Man and African apes 
share a common ancestor, and the man- 
chimpanzee-—gorilla clade shares a com- 
mon ancestor with the orang-utan. The 
similarities in grade (mostly from shared 
primitive characters) between the orang- 
utan and the African apes means that they 
are superficially similar and that their 
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The figure on the left shows the traditional phylogeny of the Hominoidea, with the Great Apes (including 
chimpanzees, gorilla and orang-utan) separate from the human lineage: the pongids and the hominids. The 
hominids generally include Pleistocene fossil australopithecines and Ramapithecus from the Miocene. The 
pongids include the living Great Apes and the fossil dryopithecines from the Miocene. The cladogram on the’ 


right shows the relationships among the Hominoidea that are proposed here. The Great Apes are’split. | a 
between the orang-utan on the one hand and chimpanzee and gorilla on the other. Ramapithecus | 


(= Sivapithecus) is held to be related more closely to the orang-utan than to man, chimpanzee and gorilla, 

and cannot be considered to be a direct human ancestor. One of the consequences of this is that the presence 

of Sivapithecus in deposits 8-12 Myr old suggests a divergence of time of 11-12 Myr forthe orang-utan. The 

divergence of the African apes and man would therefore have been later than this and probably around 6-7 
Myr. 


ancestral states would also be rather 
similar. They would therefore be cor- 
respondingly hard to identify in the fossil 
record, and a fossil like Ramapithecus 
might have similarities with either or both. 
Second, the molecular evidence suggests 
that the cladogenic events in hominoid 
evolution occurred later than many 
palaeontologists have expected. With 
Ramapithecus and Sivapithecus thought to 
be alive between 8 and 12 Myr ago, for ex- 
ample, the fossil taxa would appear to have 
arisen too early to be ancestral to humans. 

The relationships of Ramapithecus and 
Sivapithecus can now be examined in more 
detail to see where their affinities He. It is 
becoming apparent that the differences 
between the two genera are not as great as 
had formerly been thought. Greenfield 
(Am. J. phys. Anthrop. 50, 527; 1979) 
recently proposed that Ramapitkecus is the 
same as Sivapithecus, and although his 
systematic procedure is suspect, there is a 
very high degree of similarity between 
Sivapithecus and Ramapithecus. Kay Unt. 
J. Primat., in the press) has now made a 
much better case and suggests that 
Ramapithecus punjabicus become 
Sivapithecus sivalensis. Another alter- 
native, which I prefer, is to retain pun- 
jabicus as a species of Sivapithecus. 
Therefore, in considering the relationships 


of what was formerly Ramapithecus or 
Sivapithecus, the whole complex of 
Sivapithecus species must be considered. 
At the most conservative estimate there are 
at least four species of Sivapithecus found ~ 
from 8 to 12 Myr and occurring from | 
Greece and Turkey in the west to southern — 
China in the east. oe 
The specimen of Sivapithecus described 
in this issue of Nature is an adult 
Sivapithecus indicus with large parts of the 
face and palate preserved. It was badiy 


broken when it was found, and Horace __ 


French and Rizwana Raza of Yale Univer- 


sity have done a magnificent job in restor- 


ing it to its present condition. The specimen 
is the outcome of years of painstaking col- 
lecting in Pakistan by the Yale research 
project, directed by David Pilbeam, now at 
Harvard, and 8.M.J. Shah in Pakistan. 
Pilbeam has been very cautious in his: 
assessment of the similarities his new- 
specimen shows with the orang-utan. I will 
be less cautious and will list some of them: - 
orbits higher than broad, poor 
development of the supra-orbital torus, 
narrow interorbital distance, smooth and 
unstepped floor of the nasal cavity, large 
zygomatic foramina set above the lower 
rim of the orbit, extremely small incisive 
foramina, narrow and slit-like palatine 
foramina, thick enamel and low cusp 
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profile on the molars and very large 


incisors in comparison with the lateral 


incisors. All these characters are present on- 
the S.indicus skull, and some at least are 
known to be present on other species such 
as Sivapithecus meteai and Sivapithecus 
punjabicus. They are all interpreted as 
being derived from the primitive hominoid 
condition and are thus specializations 
shared with the orang-utan. There are also 
many primitive characters shared with the 
orang-utan, such as the poor development 
of the supraorbital torus and the slope of 
the nose, and other characters like the great 
depth of the zygomatic bone that show 
greatest ressemblance to the orang-utan 
but are within the limits of variation of 
other hominoid species. Set against this list 
of characters are a few which show 
similarities with man. Of particular 
importance are the robustly built jaws, the 
lateral rotation of the canines and possibly 
low canine sexual dimorphism. Another 
similarity with man, the thick enamel and 


low cusp relief of the molars, is also. shared 
with the orang-utan and cannot be 
considered diagnostic. The similarities 
with man are fewer in number and more 
strongly inter-related with each other than 
are the similarities with the orang-utan, 
and it is my belief that Sivapithecus must be 
seen as a relative of the orang-utan. It is 
shown thus on the accompanying 
cladogram. 

It thus appears that Sivapithecus 
(including ‘Ramapithecus’) is part of the 
orang-utan clade, and both are more 
distantly related to man than are the 
African apes. In other words 
‘Ramapithecus’ can no longer be 
considered as part of the human lineage but 
as part of the orang-utan lineage. The 
recognition of this relationship provides 
fossil evidence for the divergence date of 
the orang-utan, and the time span of 8-12 
Myr for the species of Sivapithecus is 
certainly compatible with the molecular 
date of 10+ 3 Myr. = 


Measuring atmospheric gases and aerosols 


from D.D. Davis, W.L. Chameides and C.S. Kiang 


SOME nine months ago several of the 
findings of the National Science 
Foundation-supported Global At- 
mospheric Measurements on Tropospheric 
Aerosols and Gases programmme 
(GAMETAG) were critically reviewed in 
these columns!. As part of the planning 
group for this field sampling programme, 
we welcome efforts to bring GAMETAG 
results before a larger spectrum of the 
scientific community. We would now like 
to go on to clarify some points that were 
made earlier and to add new information 
from the most recently available results. 
The first point involves the NO/HNO, 
GAMETAG measurements. Before the 
GAMETAG flights, the little information 
available on NO, in remote regions of the 
troposphere?* suggested that NO levels 
were in the 100-1,000 p.p.t.v. (parts per 
10'2 by volume) range. The GAMETAG 
NO instrument, which had a lower 
detection limit of 50-60 p.p.t.v., gave 
readings which indicated that over 
thousands of miles of continental! 
wilderness area and over large stretches of 
the open Pacific Ocean, NO levels were 
typically below that lower detection limit. 
The observations’are the first to indicate 
that NOx levels in remote marine and 
northern continental troposheric air are 
much lower than previously believed. 
Subsequently, MacFarland ef a/.® reported 
that NO levels in a limited region of the 


D.D. Davis, W.L. Chameides and C.S. Kiang 
are in the School of Geophysical Sciences, 
Georgia Institute of Technology, Atianta, 
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equatorial Pacific were in the 1-10 p.p.t.v. 
range but the GAMETAG HNO, 
observations were the first extensive 
remote-global tropospheric data base for 
this species. Of particular importance is the 
observation that lower levels of HNO, are 
found in the marine boundary layer than in 
the middle free troposphere over extensive 
regions of the open Pacific Ocean. The 
results are in direct contradiction with all 
earlier predictions of NO,/NOy altitude 
profiles and show the need for significant 
revisions in the tropospheric nitrogen 
budget. 

A second point involves new data now 
available on the question of photochemical 
activity over tropical and sub-tropical 
marine areas. Since Penkett wrote!, the 
data have been released in manuscript form 
and are shortly to appear in print. Direct 
OH observations show tropical mid-day 
marine boundary layer OH levels ranging 
from ~ 2x 10° up to a high of 1.5 x 10’ 
molecules per cm}. It is argued by some 
that the absolute accuracy of the OH 
system may be in error by as much as a 
factor of two (the authors think this 
unlikely) but even if this were so and OH 
levels were assigned a value a factor of two 
lower, the conclusion that OH levels in the 
tropical marine boundary layer are 
typically quite high would still be clearly 
justified. It is estimated that the above 
observations imply a diurnally and 
seasonally averaged OH value of ~ 2 x 10° 
molecules per cm? for the tropical marine 
boundary layer. For spring and summer 
conditions, at sub-tropical latitudes, a 
similar diurnally averaged OH value of 


2 x106 molecules per obti is estimated from 
our measurements. Mid free-tropospheric 
(that is, 5-6 km) values over the above 
latitude range were typically a factor of two 





to three lower than those observed i inthe | 
marine boundary layer: These OH values, 
are significantly higher than the globally “ 
averaged value estimated by several 
investigators based on Northern/Southern 
Hemisphere, 


TECC, measurements?" . 
sultis consistent, however, with the 
higher th n average levels of HO and UV 
actinic radiation that: normally 
characterize the above latitude zones. 
They further suggest that in the tropical 
marine boundary layer, OH radicals are 
very likely to be responsible for initiating 
the oxidation of numerous compounds 
released into the atmosphere in reduced 
oxidation states. Approximate photo- 
chemical lifetimes based on oxidation by 
OH ata level of 2x 10° molecules per cm 
are SO, (3.5 days), CH,SCH, (1 day), H,S 
(1 day), NO, (0.7 day), C,H, (0.7 day). 
C,H, (0.2 day), CO (20 days) and CH,Cl 
(124 days). Virtually all these lifetimes are 
much shorter than those predicted from 
washout/rainout or dry deposition. 

A final point concerns tropical marine 
tropospheric-photochemical activity and 
its relation to the GAMETAG observations 
which showed no direct evidence of any 
photochemical generation of O,. In spite of 
this observation, it is important to 
understand that the absence of O, 
generation cannot be equated with the 
absence of free radical chemistry or the 
lack of importance of photochemistry, in 
general. It instead suggests that of the. 
possible HO, loss reactions (1)-(3): 








HO, + HO,~H,O, + O, (1) 
HO, +NO-OH + NO, (2) 
HO, + CH,0,>CH,OOH+0, (3) 


reaction (2), under tropical marine 
boundary layer conditions, is unsuccessful 
in competing with reactions (1) and (3). 
This result is a direct consequence of the 
previously described low levels of NO in the 
tropical marine boundary layer. It should 
be stressed, however, that the absence of O, 
production does not preclude the use of 
marine tropical areas of the world as future 
field sampling sites for studying free- 
radical tropospheric chemistry. In fact, the 
simplified chemistry of this region, 
resulting from highly reduced levels of 
hydrocarbons and their oxygenated 
analogues, should present the best 
opportunity for unravelling many key 
aspects of tropospheric chemistry. G 
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A hydrothermal plume remobilizes sedimentary organic matter 


from Andrew S. Mackenzie 


IN this issue of Nature, Simoneit and 
Lonsdale’ describe petroleum found in 
dredge samples containing hydrothermal 
minerals, taken near a hydrothermal vent 
in the Guayamas Basin, Gulf of California. 
This ‘hydrothermal petroleum’ has a quite 
different composition from ‘commercial 
petroleum’ and its distinctive features are 
related to the rather special circumstances 
of its generation and migration. There is no 
evidence that the hydrothermal petroleum 
has a deep-seated origin and has emanated 
directly from the vent. Instead, the results 
suggest that part of the biologically derived 
Organic matter of sediments in the 
neighbourhood of the vent can be 
remobilized and transported by the 
hydrothermal plume. 

The most striking feature of the 
hydrothermal petroleum is its chemical 
resemblance to the organic matter which 
can be extracted, with common organic 
solvents, from relatively immature 
sedimentary rocks. Indeed, in one sample, 
a number of organic molecules, whose 
carbon skeletons have unambiguous links 
with known biological molecules, are still 
present as their less stable forms. Within 
this immaturity, the authors have detected 
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100 years ago From Nature 25, 26 January, 297, 1882. 


certain components whose continued 
presence in large relative abundances is best 
explained by a relatively short-lived heating 
at temperatures well above those normally 
found in connection with petroleum 
formation. The evidence can best be 
accomodated in a model where the 
immature organic matter of the 
Quaternary sediments around the 
hydrothermal vent has come into contact 
with a hot hydrothermal plume and has 
then rapidly cooled as a result of migration 
in the hydrothermal flow and condensed at 
the seabed. 

Organic geochemistry is much 
concerned with specific problems of 
petroleum geology, particularly those 
associated with thermal maturation*. The 
present paper' and others from the same 
laboratory’ show some of the advantages 
of being able to study Earth processes at a 
specific organic molecular level and 
perhaps indicate the further contributions 
the field is poised to make in many other 
areas of the Earth sciences. Although a 
tremendous amount has been achieved in 
cataloguing a large number of specific but 
previously unknown chemical structures of 
the organic compounds occurring in sedi- 
ments and petroleums*, most of the 
applications to date have been very 
empirical. Simoneit and Lonsdale have 
made use of the sciences of chemical 
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The Thar. 


THE THAR (Capra jemiaica). — The peculiar Himalayan Goat, known to the Indian 
sportsmen as the Téhr, Thar, or Tahir, was first described in 1828 by Hamilton Smith, and 
named Capra jemlaica, from the district of Jemlab, to the north of Nepaul, in which his 
specimen was procured. It is found, however, as Dr Jerden tells us, throughout “the whole 
extent of the Himalayas at great elevations, generally above the limits of forest and not far 
from the snow. It frequents rocky valleys and very steep and precipitous ground, and is often 
seen perched on what appear to be inaccessible crags. If alarmed whilst feeding, these animals 
all go off at full speed with a clattering sound, but soon halt and turn to gaze on the intruder.’ 
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kinetics and thermodynamics in a 
descriptive sense to predict how the 
hydrothermal petroleum was formed. 
Large relative abundances of peri-con- 
densed aromatic hydrocarbons and 
steroidal alkanes are said to reflect 
relatively short-lived contact with high 
temperatures (certainly greater than 
250°C), because other reactions, which 
destroy the aromatic hydrocarbons‘, add 
hydrogen to triterpenoid alkenes® and 
isomerize triterpenoid and steroid 
alkanes’*, have been promoted to a lesser 
extent. This observation implies that the 
rates of the former types of reaction are 
accelerated to a greater extent by a major 
increase in temperature than those of the 
latter reaction types, and stems from the 
principles of chemical kinetics. 

The chemical composition of the 
migrated hydrothermal petroleum also 
shows specific differences from organic 
matter found close to igneous sills}, 
Unsaturated hydrocarbons (alkenes) with 
carbon-carbon double bonds in the middle 
of the carbon chains occur in both environ- 
ments, whilst those with double bonds at 
the end of the carbon chains are restricted 
to the organic matter next to sills. Simoneit 
and Lonsdale argue that the mid-chain 
alkenes can survive the migration in hot 
fluids, because of their higher thermo- 
dynamic stability, whereas the less stable 
terminal alkenes are completely destroyed. 

Such descriptive integrations of physical 
chemistry into molecular organic geo- 
chemistry are welcome and valid. In the 
future, attempts will be made to derive 
more mathematical expressions for organic 
geochemical processes, particularly for 
those which can now be studied at a 
molecular level. Universally applicable 
expressions are more likely to emerge from 
the relatively simple interconversions 
between two known molecular structures 
than from the complex physicochemical 
processes which generate petroleum. These 
expressions will permit a more quantitative 
evaluation (what temperature and for how 
long) of the past geological events which 
have affected the organic mixtures being 
studied. In such a form molecular organic 
geochemistry will provide a new set of tools 
to Earth scientists. a 
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Prostaglandins and cancer 


from Peter Alexander 


PROSTAGLANDINS, thromboxanes, 
prostacyclins and leukotrienes are 
produced by most tissues of the body by 
oxidation of arachidonic acid (AA). Their 
possible importance in cancer, at levels 
including carcinogenesis, the rate of 
proliferation of the tumours and the 
interaction between the tumour and the 
host, was the subject of a recent 
conference’. 

Their significance can be seen in relation 
to the possibility that cancer may be 
prevented not only by withdrawing 
carcinogenic stimuli but also by 
intervening in the complex sequence of 
events between exposure to a carcinogen 
and the occurrence of a malignant 
neoplasm. Prostaglandin (PG) synthetase 
inhibitors, like aspirin, may be candidates 
for the ‘chemoprevention’ of cancer. Most 
chemical carcinogens need to be converted 
by metabolic processes into a reactive 
carcinogenic substance which can combine 
in a covalent chemical reaction with 
intracellular nucleophilic constituents. 
This metabolic activation can occur by 
reduction and by hydrolysis but most 
commonly requires oxidation. The 
cytochrome P450 monooxygenase systems 
have been shown to be an important 
oxidative pathway for the production of 
proximate carcinogens, and evidence is 
now accumulating that such oxidation can 
also occur during prostaglandin synthesis. 

L. Marnett (Wayne State University, 
Detroit) showed that in the reactions 
involving benzopyrene, the conversion of 
the pro- to the proximate carcinogen was 
brought about by by-products (free 
radicals) produced during the synthesis of 
prostaglandins, although a direct role 
of lipoxygenase could not be totally 
excluded. With some tissue preparations, 
like ribosomes from ram seminal vesicles, 
an aspirin-like drug totally blocked the 
production of the proximate carcinogen, 
whereas with intact epithelial cells the 
active metabolite was produced via both 
the P450 and the prostaglandin pathway 
(T. Eling, National Institute of 
Environmental Research, North 
Carolina). Before inhibitors of AA 
metabolism can be seriously considered for 
chemoprevention, the relative con- 
tribution of prostaglandin-related 
oxidations in the formation of carcinogens 
must be determined in different organs. T. 
Zenzer (V.A. Medical Center, St Louis) 
presented early results from continuing in 
vivo studies with the potent bladder 





*An international conference on ‘Prostaglandins and Cancer’ 
was held from August 30 to September 2 1981, in Washington 
DC, under the chairmanship of T.J. Powles (Royal Marsden 
Hospital, Surrey), R. Beckmann (Memorial Sloan-Kettering 
Cancer Center, New York), K.V. Honn (Wayne State 
University, Detroit) and P. Ramwell (Georgetown University 
School of Medicine, Washington DC). 


carcinogen FANFT (a 5-NO, furan 
derivative), the oxidative metabolite of 
which binds to DNA in vivo. Co- 
administration of aspirin prevents both 
binding to DNA and the appearance of 
early hyperplastic and possibly pre- 
cancerous lesions in the bladder. It will be 
another 12 months or so before it is known 
whether the incidence of bladder 
carcinemas in rodents has been reduced. 

In many experimental systems 
carcinogenesis can be separated into two 
processes -~ initiation by the chemical 
reactive carcinogens and promotion. The 
most effective and widely studied 
promoting agents are phorbol esters.such 
as TPA. The biochemical basis of 
promction remains unclear because these 
agents induce a great many changes in cells 
and tmsues. Prostaglandins and related 
substances could be involved as TPA 
increases release of their precursor, AA, 
from cell membranes and this produces an 
increase in cellular prostaglandins (E. 
Bresnick, University of Vermont). Indeed, 
this may contribute to the intense 
inflammation produced by all the phorbol 
esters that are active as promoters. R. 
Boutwell (University of Wisconsin) 
considers that elevation in ornithine 
decarboxylase activity is a key event in 
promotion and this is reduced if inhibitors 
of PG synthetase are given at the same time 
as TPA. The decisive test, however, is 
whether tumour promotion by TPA can be 
prevented in vivo by modulating 
prostaglandins. G. Furstenberger finds 
that indomethacin, a potent prostaglandin 
synthesis inhibitor, prevents promotion by 
TPA of skin tumours following initiation 
with a polycyclic hydrocarbon and that 
administration of PGF,g reverses this 
inhibition. But S. Fischer (Oak Ridge 
National Laboratory) is cautious about 
simpiistic interpretations because she finds 
that iow doses of indomethacin actually 
enhance promotion and that interference 
with promotion by high doses may not be 
due to inhibition of prostaglandin 
synthesis. She considers, however, that 
procucts from AA obtained by the 
lipoxygenase pathway may be concerned 
with promotion. 

There is mounting evidence for a role of 
products of the AA cascade in the growth 
and spread of tumours once they have 
arisen. Im vitro there are correlations 
between growth rate and intracellular 
prostaglandin concentrations which are 
not easy to interpret. Certain pros- 
taglandins, notably PGE, slow cell division 
(B. Jaffe, State University of New York, 
Brooklyn, and S. Hammarstrom, 
Karolinska Institute), while L.J. de Asua 
(Friedrich Miescher Institut) demonstrated 
that PGF,, is highly specific in causing cells 
rendered quiescent, for example by serum 


deprivation, to initiate DNA synthesis, 
probably by causing changes in the 
cytoskeleton, It is not, therefore, 
surprising that experiments in which 
inhibitors of prostaglandin synthesis are 
added to cell cultures or given in vivo to 
tumour-bearing animals give rise to 
conflicting results. In many respects the 
most impressive effects of prostaglandins 
on the growth of cells in vitro is the 
induction of maturation and their possible 
involvement in retinoid-induced 
differentiation. PGE, probably produced 
by monocytes, regulates proliferation and 
differentiation of stem cells in the bone 
marrow both in vivo and in vitro (R. 
Bockman, Memorial Sloan Kettering 
Cancer Center, New York), The obser- 
vation that, in vitro, certain 
prostaglandins, notably PGA and PGI,, 
can induce differentiation of myeloid (T. 
Breitman, NIH) and erythroid (G. 
Santarro, Ospedale Ruiniti, Rome) 
leukaemia cells as well as of mouse 
mammary carcinoma (P. Rudland, 
Ludwig Institute, UK) and neuroblastoma 
(K. Prasad, University of Colorado 
Medical Center) cells, constitutes the best 
reason for persevering with attempts to 
inhibit the growth of tumours using prosta- 
glancins. 

It is also possible that prostaglandins 
may influence the interplay between the 
host and the tumour. A popular concept is 
that some prostaglandins depress immune 
responses and that inhibition of 
prostaglandin synthesis will enhance a 
putative immune reaction of the host to the 
tumour. As yet, there is little hard in vivo 
data in support for immunotherapy based 
on prostaglandins. However, there are 
non-immunological interactions between 
the tumour and the host in which prosta- 
glandins are involved and which might be 
manipulated in a therapeutically beneficial 
manner. Investigation into the control of 
metastases to bone and of the 
hypercalcaemia associated with malig- 
nancy using inhibitors of prostaglandin 
synthesis has been motivated by the finding 
that some prostaglandins cause osteolysis 
and calcium release from bone in vitro and 
that in two animal models, hypercalcaemia 
is induced by tumours that make large 
amounts of prostaglandin and can be 
stopped by aspirin-like drugs. Unfortu- 
nately, in man there is no consistent 
correlation between serum levels of 
prostaglandin and hypercalcaemia nor will 
inhibition of prostaglandin synthesis effect 
bone metastases or hypercalcaemia (T. 
Powles, Institute of Cancer Research, 
Sutton, UK). 

Of considerable interest are experiments 
by K.V. Honn (Wayne State University, 
Detroit) which are based on the premise 
that platelet aggregation favours the 
spread of tumours. Accordingly, he tested 
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in an animal tumour system selective 
inhibitors of Tx, which promotes platelet 
aggregation, and the administration of 
PGI, (or of substances which facilitate 
vascular PGI, synthesis), which prevents 
the formation of platelet emboli. Both 
procedures reduced the incidence of lung 
metastasis and in addition slowed the 
growth of the tumour growing at the site of 
injection. This latter effect is unlikely to 
involve interference with platelet 


A new British flower 


from Peter D. Moore 


BOTANISTS in the tropics will probably 
throw up their hands in horror but the fact 
remains that the discovery of a new species 
of flowering plant in the British Isles (and 
probably a native one at that) is news. Rix 
and Woods! have now officially recorded 
the finding of Gagea bohemica at Stanner 
Rocks, near Kington, mid Wales. Its incon- 
spicuous leaves and flower undoubtedly 
contributed to its success in eluding 
detection until recently and to its initial 
misidentification. But the find also has 
some interesting biogeographical implica- 
tions, for G. bohemica is a species of 
continental distribution, reaching its 
northwestern European limits in central 
Germany and the Seine Valley in France, 
and extending into central, eastern and 
southern parts of the European mainland. 
Stanner Rocks is a site far-removed from 
the remainder of its range. 

One must consider the possibility that 
the plant has arrived at this location by 
chance dispersal but, as Carlquist? has 
recently emphasized, it is very difficult to 
study freak phenomena of this kind. G. 
bohemica reproduces by seed (though at 
Stanner Rocks only one per cent of the 
population flowers and no capsules have 
been observed) and by bulbils. Unlike some 
lake and seashore sites, a rock outcrop is an 
unlikely spot for the concentration of a 
bird migration route, making bird 
transport an unlikely explanation of its 
presenice. 

It is important to consider that Stanner 
Rocks boasts an unusual assemblage of 
rare plants currently exhibiting disjunct 
distributions, including Lychnis viscaria, 
Veronica spicata and Scleranthus perennis. 
Also, on some neighbouring outcrops in 
mid Wales, is Potentilla rupestris?. All of 
these have continental distributions, 
though L. viscaria and $. perennis extend 
further north than the others. 

All these species are plants of low growth 
habit and demand light. Pigott and 
Walters? proposed that plant assemblages 
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aggregation and is thought to be a direct 
effect on the rate of proliferation of the 
tumour cells by increasing cyclic AMP. 
The meeting was successful in bringing 
together cancer research workers and many 
of the leaders in the area of prostaglandins. 
It was encouraging to both groups that 
manipulation of the AA cascade may have 
a role in both prevention and treatment of 
cancer although the key experiments 
remain to be performed. G 


having a number of open habitat species of 
generally disjunct distribution were often 
associated with disturbed or unstable sites 
in which the forest cover had remained 
incomplete throughout post-glacial time. 
The plants now isolated in such sites may 
represent relicts of the vegetation of late- 
glacial or early post-glacial times, which 
have been extinguished over the bulk of 
their former range by forest expansion and 
consequent shading. In the case of Stanner 





Gagea bohemica 


Rocks, such an explanation is supported by 
the sub-fossil record of certain of the plants 
concerned. $. perennis pollen has been 
found in late-glacial sediments of mid 
Wales? and a seed of L. viscaria was found 
by Dickson, Dickson and Mitchell® in late- 
Devensian material from the Isle of Man. 
Unfortunately, no sub-fossil records are 
available for V. spicata, P. rupestris or G. 
bohemica in Britain, but their current, 
rather southerly, continental distributions 
do not make them likely candidates for 
late-glacial relicts. 

Lamb’ has constructed global maps of 
probable atmospheric pressure systems 
during winter and summer at several stages 
of post-glacial history, and he concludes 
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that the early part of the post-glacial in 
north-west Europe (pre 7,000: BP) was 
characterized by a vigorous circulation of 
air masses which would have brought dry, 
anticyclonic conditions to the area both in 
winter and summer. It may well be that 
many southern continental plant species 
were able to migrate into what are now 
oceanic regions in the north and west 
during those times. This would have 
brought into contact a variety of 
continental species of somewhat southerly 
and northerly affinities; it is interesting to 
note that all five of the species under 
discussion here are currently found 
together in central Poland, which may give 
some indication of the climatic conditions 
during the period of mixing. Rix and 
Woods! note that the Stanner Rocks 
specimens of G. bohemica are mor- 
phologically most akin to the western 
French populations on the continent, 
which may suggest a west European origin 
for the British population of this species. 

The subsequent history of the mid Wales 
area has involved forest spread and 
increasing oceanicity of climate, both of 
which will have operated against the 
survival of all these species; but the rock 
outcrops, such as Stanner, have evidently 
acted as refuges. Such outcrops would not 
only have provided steep, unstable slopes 
keeping the woodland and canopy open 
and discontinuous, but may also have 
created microclimatic conditions 
appropriate for the survival of continental 
species of plant. G. bohemica on Stanner 
Rocks is currently restricted to shallow 
soils on southern and eastern aspects. 
These locations would be well insolated in 
summer, providing a ‘micro-continental’ 
climate, rather analogous to some of the 
present-day East Anglian breckland 
habitats of S, perennis and V. spicata. The 
importance of aspect for survival of a 
species at the edge of its climatic range is 
well documented for such plants as Cirsium 
acaule’ which reaches its northern British 
limit m Derbyshire but survives there 
mainly on southerly aspects. Even under 
these conditions fruiting is poor and 
experiments involving daily spraying of the 
developing fruit with water, thus lowering 
overall temperatures, reduced success even 
further. G. bohemica fails to fruit at 
Stanner, but persists by vegetative 
propagation. 

The record of G. bohemica from Stanner 
Rocks is thus more than just one more 
species on our list — it may also provide 
important evidence of the climatic and 
vegetational history of the British Isles. (2 
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Analysing atmospheric carbon dioxide levels 


from Michael J. Rycroft 


THE possibility that changes in climate may 
be brought about by increasing levels of 
carbon dioxide in the atmosphere made a 
recent conference* devoted to the analysis 
and interpretation of atmospheric CO, 
data of particular significance. The CO, 
increase is caused primarily by the burning 
of fossil fuels and secondarily by deforest- 
ation in the tropics and changing agri- 
cultural practices. Very recently such 
problems have been put in context by Bach 
et al! and Kellogg and Schware*, and 
discussed by Kandel’. Following the pion- 
eering work of Manabe and Wetherald*, 
several complicated model calculations*'” 
have been performed; these have been 
reviewed by Schiff!!. 

For a doubling of the CO, content of the 
atmosphere, these models calculate that 
the global mean surface air temperature 
would rise by 2—4 deg, but with a larger 
increase at high latitudes!*. It has been 
suggested that this could lead, within a 
thousand years, to deglaciation of the West 
Antarctic ice sheet!?'4. The consequent 
rise of the mean sea level!5-'© would have a 
profound effect as population is concen- 
trated in low-lying areas of the world. 
Associated with the temperature rise would 
be changes of atmospheric circulation and 
the spatial distribution of rainfall. The 
changed soil moisture patterns could have 
serious implications for agriculture and 
food production. The study of atmos- 
pheric CO, is thus closely linked with other 
biospheric processes, studies of carbon 
budgets and the global carbon cycle”, the 
biogeochemical cycles of nitrogen, phos- 
phorus and sulphur, and their mutual 
interactions'® in the atmosphere and 
oceans!?, 

R. M. Rotty (Institute for Energy 
Analysis, Oak Ridge Associated Univer- 
sities, US) has shown earlier that the global 
production of anthropogenic CO, by fossil 
fuel burning (98%) and cement manu- 
facture (2%) has increased exponentially 
between 1860 and 1914 and since 1945. 
Simple exponential growth, with an 
e-folding time of 24 years, corresponds to 
compound interest at 4.3% per year froma 
pre-Industrial Revolution value of at most 
290 parts per million (p.p.m.) by volume. 
However, the situation is not so simple. 
From 1950 to 1973, the growth rate of CO, 
emission into the atmosphere was 4.6%, 
and since 1973, when OPEC increased oil 
prices dramatically, the growth rate halved 
to 2.3%. At present, 5.3 Gigatonnes (5.3 x 


* The joint World Meterological Organization, International 
Council for Scientific Unions and United Nations Environment 
Programme sponsored conference on ‘Analysis and Interpreta- 
tion of Atmospheric CO> Data’ was held at the University of 
Bern, Switzerland, from 14 to 18 September 1981, with support 
from the International Association of Meteorology and 
Atmospheric Physics and the US Department of Energy, and 
was attended by seventy scientists from twenty countries. A 
book containing abstracts and some papers has been published 
by the WMO; it is planned that the complete set of papers 
presented at the conference will be published in the Journal of 
Geaphysical Research. 
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Fig. 1 Atmospheric CO, concentrations (weekly averages) measured at Mauna Loa, Hawaii 
(courtesy of C. D. Keeling). The curve is a spline fitassuming an annual variation of constant 
amplitude superposed on a long-term trend. 


10'2 kg) of carbon are being released per 
year into the atmosphere as CO, (19.4 Gt 
per year). As this adds to the 700 Gt of 
carbon already present in the atmosphere 
as CO,, it would seem that the CO, content 
of the atmosphere should, at the present 
time, simply increase by 0.76% per year. 
With a typical atmospheric CO, concen- 
tration of 335 p.p.m., it might be expected 
that the concentration of atmospheric CO, 
should increase by 2.5 p.p.m. per year. 
However, C. D. Keeling (Scripps 
Institution of Oceanography) presented 
measurements of atmospheric CO, 
concentrations made since 1958 using a 
non-dispersive IR absorption spectrometer 
at Mauna Loa Observatory, Hawaii, at 
20°N. Each point in Fig. 1 is a weekly 
average; the annual variation is explained 
by seasonal changes of the rates of photo- 
synthesis and respiration by plants and the 
soil. Last year, the 340 p.p.m. value was 
exceeded for the first time. Also evident in 
the figure is the long-term, quasi- 
exponential increase of CQ, concen- 
tration, ata rate of 1.3 p.p.m. per year, or 
0.40% per year. Thus only 53% of the 
increased CQO, is retained in the 
atmosphere; this is termed the airborne 
fraction. The remaining 47%, or excess 
fraction, is taken up mainly by the oceans 
at middle and high latitudes. Quantitative 
studies of the air-sea interaction are 
difficult; comparisons between modelled 
and observed results are complicated by the 
fact that the time scales of oceanic CO, 
uptake are between 10 and 100 years (at 





Michael J. Rycroft is Head of the Atmospheric 
Sciences Division of the British Antarctic Survey 
(Natural Environment Research Council), High 
Cross Madingley Road, Cambridge, CB3 QET. 


lesser to greater depths), and are of the 
same order as the 24 year time constant of 
the atmospheric CO, increase. 

Of the CO, production, R. M. Rotty 
showed that 91% occurs at latitudes 
between 30 and 60°N, primarily over land. 
This fact accounts, in part, for the CO, 
latitudinal gradient, shown as differences 
from the Mauna Loa mean in Fig. 2, and 
derived from measurements made at 
different observatories and aboard ships 
and aircraft. Additional factors are the 
CO, source associated with the warm sea 
surface in equatorial regions and the 
relatively slow interhemispheric mixing of 
atmospheric CO, across the Inter-Tropical 
Convergence Zone. CO, concentration 
differences of 1 p.p.m. can be accounted 
for by the interhemispheric CO, fluxes of 
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about 1 Gt per year 

The largest annual variations of CO, 
concentration, with a difference of 15 
ppm between maximum and minimum 
values, occur between 50 and 70°N, there 
beinga6ppm difference at Mauna Loa 
and no annual variation between 10 and 
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Fig 2 Schematic diagram showing 
latitudinal differences of annual mean 
atmospheric CO, concentrations from the 
annual mean value at Mauna Loa, based 
on observations reported at the 1981 Bern 
conference by P HysonandG I Pearman 
(CSIRO, Australia), C D Keeling 
(Scripps Institution of Oceanography) and 
W D Komhyr (NOAA, Boulder, 

Colorado) 





20°S There 1s also some evidence of two 
and four year periodicities R B Bacastow 
and C D Keeling (Scripps Institution of 
Oceanography) have associated large 
increases in the CO, concentration with a 
minimum value of the Index of the 
Southern Oscillation of the atmosphere 
and with El Nino occurrences These latter 
events — the presence of 2 deg warmer, 
nutrient-poor water in a region off the 
Peruvian coast at 80° W and out to 180° W, 
which 1s associated with a reduction, or 
even cessation, of the upwelling of colder, 
nutrient-rich water — are of great signifi- 
cance to the region’s fishermen 

Evidence for slight decreases ın the 
atmospheric '3C/!2C ratio has been 
obtained from mass spectrometer 
analyses? Both '3C/!2C and !4C/!2C 
ratios ın the cellulose of tree rings similarly 
reflect the ratios’ atmospheric values 
during successive year’s growing seasons 
It ıs concluded that biospheric processes, 
both soil and plant, acted as a net source of 
atmospheric CO, from 1860 until about 
1950, since then, biospheric sources and 
sinks of CO, have cancelled each other out 
For example, the present deforestation 1n 
the tropics could be balanced by reforest- 
ation at middle Jatitudes Also, '4C in 
corals gives information on CO, uptake by 
the surface water of the oceans and on 
surface water circulation Of course, the 
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radiocarbon concentrations of the 
atmosphere and ocean have risen consider- 
ably since the thermonuclear bomb tests of 
the 1950s 

To identify new trends, continuing and 
uninterrupted measurements of 
atmospheric CO, concentrations are 
required at up to 20 well distributed sites 
around the globe The required absolute 
accuracy Is +0 1 p p m , this 1s achievable 
only by performing very careful inter- 
calibrations, using standard gases, between 
the different experimental groups 
Further, there 1s a pressing need for 


additional observational studies of 
seasonal and annual variations of 
atmospheric CO, at particularly interesting 
sites Such observations, required to a 
relative accuracy of +0 1 ppm, can be 
interpreted ın terms of sources and sinks of 
CO,, and should lead to an improved 
understanding of the carbon budget With 
improved observational knowledge, and 
with the further development and 
validation of climate models, better pre- 
dictions may then be made of the environ- 
ment in which mankind will find itself in 
the coming decades and centuries o 


Mammary gland as an endocrine organ: 
implications for mastectomy 


from Jared M Diamond 


THE traditional view of the mammary 
gland ıs that ıt receives many hormonal 
signals but sends none Oxytocin acts on ıt 
to trigger milk ejection, prolactin to 
stimulate milk secretion, and oestrogens, 
progesterone, prolactin and growth 
hormone to stimulate gland growth during 
pregnancy The only direct signals that the 
mammary gland sends to the rest of the 
body have been thought to be concerned 
with its own regulation — nerve impulses 
(the suckling reflex) cause prolactin and 
oxytocin release from the pituitary and 
reflexly control milk production This 
traditional view has determined the 
assessment of the costs and benefits of mas- 
tectomy, an operation that has often been 
used to deal with mammary tumours 
Although mastectomy has been 
increasingly criticized for its psychological 
consequences, 1t has at least been thought 
that the operation 1s without physiological 
consequences since the mammary gland 
has no role outside of lactation 

This dogma has been undermined by 
important recent studies! of Peaker 
(Hannah Research Institute, Ayr) and 
Maule Walker (ARC Institute of Animal 
Physiology, Babraham), demonstrating 
that, ın goats, the mammary gland releases 
hormones into the general circulation and 
mastectomy causes major disturbances of 
other reproductive functions besides 
Jactation These observations clearly 
indicate the need for the study of possible 
physiological consequences of mastectomy 
In humans 

The roots of the new observations go 
back at least 75 years In 1906 Marshall and 
Kirkness*, studying urinary sugars ın 
mastectomized guinea pigs, briefly 
commented ‘‘Considerable difficulty was 
experienced in inducing the guinea pigs to 
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breed after the removal of the [mammary] 
glands, some of them failing to do so 
although kept for over eight months in 
company with males, and ın an apparently 
perfectly healthy condition’’ Four of these 
mastectomized guinea pigs did eventually 
become pregnant, resulting ın one pre- 
mature still-birth, one abortion and four 
normal births In the late 1950s Linzell 
worked out procedures for autotrans- 
planting mammary glands of goats, and in 
the following 20 years he used the improved 
experimental access provided by this 
preparation to answer many problems of 
mammary physiology Early in these 
studies he noted®, ın the course of a long 
paper on milk secretion, that loss of 
Mammary tissue in goats was associated 
with increased incidence of several repro- 
ductive disorders infertility, mastitis, 
abortion and maternal death at 
parturition Peaker and Maule Walker 
have now followed up these observations 
by studying mastectomized goats, four of 
which have been followed through three 
pregnancies The reproductive conse- 
quences of mastectomy in the first breeding 
season were a lengthened first oestrus (115 
h vs 30 h ın controls), shortened oestrous 
cycles (8-17 days vs 22-24 days in 
controls), reduced fertility and slightly 
shortened pregnancy In the second 
pregnancy, and even more ın the third 
pregnancy, there was peripheral oedema 
before term, premature onset of labour 
and prolonged labour with weak cervical 
contractions and no cervical dilation 

How does removal of the mammary 
gland lead to these reproductive dıs- 
turbances? Several possible mechanisms 
involve disruption of lactation, which 1s 
known to have systemic effects Nerve 
impulses from the mammary gland to brain 
during lactation stimulate reflex release of 
pituitary hormones that control not only 
milk production in mammals generally but 
also embryonic development in 
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marsupials’ Lactational amenorrhoea 
may similarly involve mammary reflex 
control of pituitary hormones, 1n this case 
inhibition of follicle-stimulating hormone 
and luteinizing hormone release With- 
drawal of large quantitites of glucose and 
other substrates for milk synthesis from the 
bloodstream leads to changes 1n levels of 
hormones that regulate blood concen- 
tration of these solutes, such as insulin and 
glucagon 

However, Peaker and Maule Walker 
observed no difference between lactating 
and non-lactating non-mastectomized 
goats in fertility or in oestrous cycle 
periodicity Furthermore, the mastec- 
tomized goats exhibited oestrous disorders 
and impaired fertility before they had ever 
become pregnant or lactated These facts 
suggest that interruption of lactation 1s not 
responsible for the reproductive disorders 
associated with mastectomy A more likely 
explanation comes from new evidence that 
non-lactating mammary gland releases 
hormones into the systemic circulation, in 
addition to producing local hormones such 
as prostaglandins during lactation From 
earlier observations by Linzell and 
colleagues®!° that the mammary gland of 


goat can metabolize steroid hormones, 
Maule Walker and Peaker! have gone onto 
find that the rise ın plasma concentration 
of oestradiol-178 during the last four days 
before term ıs due almost entirely to 
increased production of the hormone by 
mammary gland 

It remains to be seen whether repro- 
ductive disorders ın mastectomized goats 
are related to this mammary production of 
oestradiol-178, or of other known steroid, 
peptide, or protein hormones, or of ‘new 
hormones’, or else to a non-hormonal 
Mammary signal The great variability 
among mammals ın the control of repro- 
duction suggests that the goat 1s not 
necessarily a universal model and studies 
on other mammalian species, especially on 
humans, are now urgently needed o 
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Exciting Rydberg atoms in cavities 


from Peter Knight 


HIGHLY excited atoms with one electron 
orbiting at large distances from an 
unexcited core are termed Rydberg atoms 
and have remarkable properties Their size 
gives them a large polarizability, and they 
are easy to 10n1ze ın weak electric fields If 
they possess a large angular momentum 
they do not return rapidly to their ground 
state by radiative decay simply because 
decay photons cannot easily carry away all 
that excess angular momentum Rydberg 
atoms provide a unique vehicle for 
studying radiative processes over long 
times In mid 1981, Kleppner (Phys Rev 
Lett 47, 233, 1981) proposed using such 
atoms to study the effects of cavity mode 
confinement in partially ‘freezing out’ 
spontaneous decay rates (Nature 293, 514, 
1981) A recent experiment by Vaidyan- 
athan, Spencer and Kleppner (Phys Rev 
Lett 47, 1592, 1981) reports the obser- 
vation of such waveguide effects, not on 
spontaneous transitions but on transitions 
induced in the Rydberg atoms by thermal 
blackbody radiation 

Rydberg atoms have been used before as 
detectors of far-IR and microwave black- 
body radiation (Nature 279, 476, 1979) but 
only in effectively unbounded space 
Kleppner’s new experiment reports a 
sudden increase ın the induced lifetime of a 
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Fig 1 Schematic outline of experiment in 

which a sodium atomic beam 1s excited by 

lasers of wavelength A ,, A, to the 29d state 
between two conducting plates 


Rydberg atomic transition between two 
conducting plates when the resonant wave- 
length 1s increased beyond the waveguide 
cut-off (twice the plate separation d) The 
conducting plates are unable to support 
field modes of wavelength less than 2d ın 
the direction normal to the plates In 
addition, those modes parallel to the plates 
have their density altered but not turned 
off Thermal radiation can only be 
supported on these modes so that tran- 
sitions induced by blackbody radiation 
inside the plates are sensitive to the con- 
fining geometry 

The technique used to observe these 
waveguide effects by Kleppner and his 
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Fig.2 Blackbody radiative transfer signals 
29d-30p ın sodium between parallel con- 
ducting plates as the transition frequency 
v 1s Stark tuned through the cut-off fre- 
quency v,=c/2d (from Vaidyanathan et al ) 


group Js particularly ingenious and 1s out- 
lined schematically in Fig 1 The sodium 
29d Rydberg state ıs populated by stepwise 
absorption from two pulsed lasers of wave- 
lengths A, and à, which drive the transi- 
tions 3s to 3p to 29d ın an atomic beam 
travelling between two conducting plates 
separated by 1/3 cm The whole apparatus 
is placed ın a shielded box at 180K so that 
the photon occupation number at wave- 
length à~2d ıs approximately 86 All 
polarizations in the transition are possible 
The transition 29d to 30p at a wavelength 
of 2/3 cm (2d) 1s chosen for study and 1s 
excited by the thermal field at a rate of 300 
per second Transitions to other levels at A 
# 2d are of course also induced and con- 
tribute to a d-insensitive background 

The plate separation 1s kept fixed but the 
transition wavelength 1s varied by ex- 
dloiting the large polarizability of Rydberg 
states to Stark-shift energy levels in a smail 
dc voltage across the plates The cut-off 
frequency v, = c/2d ıs 1 48 cm7! As the 
electric field across the plates 1s varied from 
0 7to5 7 Vcm- |, the transition frequency 
vanes from 0 97 v, to 1 11 v, The transı- 
tion rate for the production of 30p atoms 1s 
measured by selectively 1onizing only those 
30p atoms making the transition, and 
counting the ions As the transition 
irequency v approaches the waveguide 
cutoff frequency v,, the rate of transition 
suddenly changes (Fig 2) on the right- 
hand side, blackbody photons can fit be- 
tween the plates, and on the left-hand side 
they cannot, decreasing the 30p production 
rate As v increases beyond v,, the modes 
normal to the plate surface are switched on 
The Einstein relationships between stimu- 
lated and spontaneous transition rates 
mply that spontaneous decay was similarly 
affected ın this experrment The exper- 
ment of Vaidyanathan et al 1s a beautiful 
example of how Rydberg atoms are sen- 
sitive to their 1mmediate environment, 
making them the perfect testbed for what 
would otherwise be minute and unmeasur- 
able effects o 
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A seasonal signal in ocean currents 
to abyssal depths 
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Long-term (9-32 month) current meter records from the eastern North Atlantic (41° N~59° N) suggest that, remote from the 
influence of the Western Boundary Current, eddy kinetic energy (Kg) at all depths ıs principally a function of wind stress 
and stratification, generated during the winter and early spring, propagating to abyssal depths and decaying to a minimum 
in late summer. Although this seasonal variation in Kg has not previously been described from the midlatitude ocean, some 


theoretical basis for ıt ts presented 





IN their analysis of long-term (644 days) current meter re- 
cords from the northern Rockall Trough (IOS Mooring I4, 
58°50' N 11°40’ W, Fig 1), Gould and Cutler’ report a well- 
defined seasonal signal in eddy kinetic energy estimated at 
depths of 200, 1,000 and 1,500 m ın 1,800 m water depth Each 
record was first low-pass filtered using a gaussian filter similar to 
that described by Schmitz’ with a high frequency cutoff around 
0 5 cycles per day (c p d ) Finding clear evidence of energetic 
winter fluctuations in the filtered time series, see for example, 


Fig. 1 Location of six current- 

meter moorings and three Ocean 

Weather Stations The 2,000-m and 
4,000-m tsobaths are also shown 
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Fig 2a, each record was then divided into 60-day pieces each 
overlapping by half their length, and for each piece the eddy 
kinetic energy (Kg) over a selected band of periods (2 92-40 
days) was estimated using spectral analysis techniques similar to 
those defined by Schmitz and Hogg? From this the seasonal 
nature of the fluctuations 1s obvious (Fig 25) 

We extend this analysis to a widely-scattered range of sites in 
the eastern North Atlantic and to water depths > 4,700 m using 
long-term (9-32 month) records obtained by the Ministry of 
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Agriculture, Fisheries and Food (MAFF), Fisheries Laboratory, 
Lowestoft and the Institute of Oceanographic Sciences (IOS), 
Wormley The 60-day piece-length and low-pass filtering tech- 
niques are standard throughout, however, the period bands used 
vary, to accommodate records of different spectral charac- 
teristics and because of differences in the spectral analysis 
procedures at the two laboratories By the Blackman-Tukey 
method* (MAFF) spectral estimates are derived for frequencies 
which are fractions of the number of lags (L = 20 throughout) 
while the FFT method” (IOS) obtains estimates at frequencies 
corresponding to fractions of the length of record (¢ = 60 days) 
Thus generally, 


Kelvina) =A f Ke(v) 


where Kg(viv2) 1s the fluctuation (eddy) kinetic energy between 


frequencies v, and vz, and A 1s the bandwidth of the spectrum ` 


(1/2L or 1/t according to method) In practice, Kg estimates are 
reported below for two bands of periods, Kp(3-27) covering 
periods from 3 to 26 7 days and Kz(3-80) covering those from 3 
to 80 days Where the earlier results of Gould and Cutler are 
described, Kz(3-40) denotes periods from 2 92 to 40 days 
K,(Rec) denotes the total kinetic energy per unit mass asso- 
ciated with the entire range of ‘eddy’ frequencies accessible ın 
the full low-passed record (y=1/2t to 1/2 cpd], that 1s 
K,(Rec) = 1/2[var u+var v], where var u and var v are the 
variances of the east and north velocity components respec- 
tively 


Kg (u)cm?s~? 
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Fig. 3 a, Mean noon wind stress at OWS LIMA [57° N 20° W], 
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Fig. 2 a, Low-pass filtered time-series of north and east current 

components at Mooring I4 (Rockall Trough, 58°50' N 11°40! W), 

200 m depth, July 1978-Aprıl 1980 b, Estimates of eddy kinetic 

energy in the period band 3-40 days [Ky(3—40)] at 200-, 1,000- 

and 1,500-m depth, Mooring I4 (Rockall Trough) Individual 

estimates are for 60-day pieces of record, each overlapping by half 
their length 


December 1978-September 1980 b, 0-450m temperature 
difference at OWS LIMA, from XBT observations c, Time- 
variation of eddy kinetic energy [Kg(3-27)] in the east-west cur- 
rent component at 3,050-m ( ) and 4,050 m-depth (---), 
NEADS-6 mooring [52°30'N 17°45'W] The 200-m curve of 
K,(3-40) from Mooring 14 (Rockall Trough) has been superim- 
posed with a 1-month lag (- - —) to show the close correlation and 
the apparent 1-month delay ın the deep water 





Seasonal signal in eddy kinetic energy 


The records from the Rockall Trough (Fig 2b) appeared to 
show three characteristics, apart from the obvious seasonality of 
K,(3-40) First, the amplitude of the seasonal peak ıs markedly 
depth dependent, varying from ~640cm?s~? at 200m to 
~120 cm’s™ at 1,500 m Second, the curves seem to lag in time 
with increasing depth, from 200 m to 1,500 m for example the 
primary winter peak 1s delayed by ~1 month Third, there are 
signs that the main winter peak centred on February-March 1s 
preceded by a secondary peak of smaller amplitude in Septem- 
ber—October at the time of the equinoctial gales (but before the 
complete eradication of the seasonal thermocline) 

Figure 3 extends this analysis to greater depths using the 
multiyear records from the NEADS-6 site [52°30' N 17°45’ W, 
North-east Atlantic Dynamics Study] on the continental rise at 
the mouth of the Rockall Trough (see Fig 1) This mooring has 
been operated continuously by MAFF since October 1977 
From 60 day overlapping pieces of the low-passed records, 
Fig 3c illustrates the time-variation of eddy kinetic energy 
[(Kx(3-27)] in the east-west (along isobath) current component 
for the 830 day record at 3,050 m and for the discontinuous 602 
day record at 4,050 m Water depth ıs ~4,100 m On the same 
time-base, Fig 3 a describes the mean noon wind stress for each 
month at OWS LIMA [57° N 20° W] calculated using a quadra- 
tic wind stress law with variable drag coefficient as defined by 
Heaps’, and Fig 3b shows the 0-450 m temperature difference 
at LIMA from XBT observations 

Figure 3 confirms many of the features found ın the Rockall 
Trough, though ın this case at abyssal depths roughly coincident 
with the winter windstress peak and with the eradication of the 
seasonal thermocline, there 1s evidence for a February-March 
peak ın the u contribution to K;(3~27) ın each of the 3 years, 
preceded by a lesser peak in October-November (at the time of 
the equinoctial gales but when some residual stratification 
remains ın the upper water column) 
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Figure 3 also gives some indication as to the scale of the 
forcing and on the phase lag with depth In Fig 3c the 200m 
curve of K_(3-40) at I4 (Rockall Trough) has been superim- 
posed on the NEADS-6 time series with a 1-month lag to show 
both the close correlation and the apparent 1 month delay ın the 
deep water Despite a horizontal separation of >800km 
between I4 and NEADS-6, the correlation 1s sufficiently close 
between the 200 m (14) and 3,050 m (NEADS-6) records at 
1-month lag to suggest a common broad-scale forcing (over the 
19-month overlap period r=0 76 though with independent 
estimates only every 2 months) Note that although the I4 
mooring had its main buoyancy close to the surface (150 m), the 
tidal constituents of the records are constant from season to 
season, suggesting that the records are free from wave-induced 
contamination’ In the case of the NEADS-6 mooring there 1s 
no possibility that the observed variation ın ‘eddy’ energy could 
be due to wave action or to mooring motion arising from ıt as the 
uppermost part of the mooring lay at 3,000 m depth throughout 
the 32-month period of record (The same 1s true for all other 
MAFF moorings described below, whose main subsurface 
buoyancy varied from 1,000 to 4,000 m depth ) Depth-modified 
Aanderaa RCM-4 instruments were used throughout 

The 3,050 m time-series ın Fig 3c was used to investigate the 
spectral composition of the additional ‘winter’ eddy kinetic 
energy The 343 day series from the second deployment at this 
depth was halved to provide two records of 172 day representing 
the quiescent ‘summer’ half year (1 July 1978-19 December 
1978) and the energetic ‘winter’ half year (19 December 1978-8 
June 1979) Figure 4a shows the winter minus summer spectral 
energy density for both the u and v spectra At the lowest and 
highest frequencies of the spectrum there 1s little difference in 
energy between summer and winter, but each component shows 
a sharp winter excess of energy at (different) intermediate 
frequencies The winter excess in the u (along isobath) 
component ıs of greater amplitude and peaks at a longer period 
(25 days) than the v component (12 5 days) in this particular pair 
of half-years It 1s also the more conservative ın time Of the 
three possible (overlapping) adjacent pairs of winter-summer 
periods ın the 3,050 m record, and in the single (discontinuous) 
winter-summer pairing of the 4,050 m record, the winter excess 
of eddy energy peaked at 33, 25, 25 and 25 days respectively in 
the u component while the corresponding peaks in the v 
component were much more variable and ill-defined (except for 
the pairing shown ın Fig 4a) 

Figure 5 examines records from four additional sites between 
January 1977 and May 1980 to test whether the seasonal signal 
in eddy energy ıs restricted merely to the Rockall area or 1s a 
more widespread and general characteristic of the eastern North 
Atlantic In most cases, estimates of K;(3-27) and K_(3-80) are 
superimposed Locations of the moorings and of the three 
Ocean Weather Stations discussed are shown ın Fig 1 

Figure 5 a-e displays results from the NEADS-5 site at 
~46° N 17° W, 1n the foothills of the Mid Atlantic Ridge close to 
its junction with the Porcupine Abyssal Plain Figure 5a, b 
shows IOS records (452 and 425 days respectively) from 600 
and 3,000 m depth, while Fig Sc-e (the deepest records dıs- 
cussed here) 1s from a later 1-yr reoccupation of the site by 
MAFF Of Fig 5/- (all MAFF) Fig 5f, g shows 253 day records 
at 2,977 and 3,977 m depth from the lower north wall of the 
Charlie Gibbs Fracture Zone, Southern Trench, at 52°09’ N 
31°00’ W®, Fig 5h 1s a 340 day record from 4,046 m depth on 
the hilly eastern flanks of the Mid Atlantic Ridge, north-east of 
the Azores [41°00’ N 23°18’ W] and Fig 5: 1s a 1-yr record at 
2,049 m depth from the European Continental Slope (48°59' N 
12°53’ W) 

Coupling these results with the earlier discussion of I4 and 
NEADS-6 we find 
(1) At all six sites, ranging in latitude from 41°N to 59°N, 
ranging ın sampling depth from 200 to 4,710 m and with records 
ranging in total eddy kinetic energy [Kz(Rec)] from the highest 
values yet encountered in the eastern basin [Kp(Rec)= 
196 cm’ s ? at 200 m, I4] to very nearly the lowest [Kg(Rec) = 
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Fig. 4 Winter minus summer spectral energy density for both the 

zonal (u) and meridional (v) current components at a, 3,050-m 

depth NEADS-6 (52°30'N 17°45'W), b, 4,050m depth, 

NEADS-5 (46° N 17° W), c, 2,049-m depth, mooring R (48°59' N, 
12°53' W, European continental slope) 
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0 6 at 4,200 m, NEADS-5 (ref 9)], there ıs a clearly-defined 
seasonal variation in Kg(3-27) or Kz(3-80) 

(2) All these sites are characterized by some degree of bottom 
slope, with either gently-sloping, hilly or abrupt topography 
Conversely (though not shown here), no clear seasonal variation 
in Kg could be detected at sites on the flat abyssal plains, for 
example, at MAFF sites N, O or P on the Porcupine Abyssal 
Plain” (within the NEADS-6-NEADS-5-R triangle) or at the 
NEADS-3 site on the Iberian Abyssal Plain (42° N 14° W) 

(3) The dominant period of the ‘excess’ winter energy has been 
examined for four records only (two at NEADS-6) but seems to 
be highly variable between sites The 25-day and 12 5-day 
dominant peaks of excess winter energy in the u and v spectra at 
NEADS-6 (3,050 m) have already been described (Fig 4a) At 
4,050-m depth on the NEADS-S5 site the corresponding peaks 
are at 33 days and 50 days (Fig 4b) while at 2,049 m at mooring 
R the excess winter energy 1s still increasing at the longest 
periods of the spectrum (+100 days, Fig 4c) 

(4) In each case the dominant winter excess of energy occurs in 
the along-isobath component (u for NEADS-6, v for NEADS- 
5 and ‘R’) and although any association with topography may be 
coincidental the dominance of one component over the other 
appears least on the gentle slope of the continental nse (Fig 4a) 


Fig. 5 Time sertes of eddy kinetic 
energy estimates in the period bands 
3-27 days (——) and 3-80 days (----) 
at a, 600-m depth, NEADS-5 [46°N 
17° W], b, 3,000-m depth, NEADS-5, 
c, 4,050-m depth, NEADS-5, d, 
'4,200-m depth, NEADS-S, e, 4,710- 
m depth, NEADS-5, f, 2,977-m 
‘depth, mooring B, Charlie—Gibbs 
Fracture Zone, southern trench 
[52°09 N 31°00’ WJ], g, 3,977-m 
depth, mooring B, Charlie-Gıbbs 
Fracture Zone, southern trench, A, 
4,046-m depth, mooring L, Azores 
Array [41°00 N 23°18’ W], :, 2,049-m 
depth, mooring R, European conti- 
nental slope [48°59’ N 12°53’ W] 


1980 


and greatest on the steep continental slope In the latter case the 
winter excess of energy 1s almost solely in the along-slope 
component (Fig 4c) 

(5) The apparent ~1-month phase-lag between the time varia- 
tions of Ky 1n the upper layer and the deep water 1s supported ın 
Fig 5, provided that the supposed link with wind stress 1s a valid 
(causal) one During July 1979-May 1980 deep current 
measurements to 4,710-m depth at NEADS-5 can be matched 
with wind stress at the neighbouring OWS ROMEO site (see 
Fig 1) AtOWS ROMEO the winter wind stress peaked sharply 
in December 1979, 1 month before the Kz at depth rose to its 
winter maximum (Fig 5c-e) 

(6) The supposed lınk between eddy kinetic energy and wind 
stress 1s given some credence by the general ‘shape’ of the curves 
in Fig 5 At all sites, depths and sampling periods shown, the 
time variation of Kg 1s surprisingly similar, following a broad 
summer minimum centred on September, the subsequent winter 
peak from January to April 1s characteristically bimodal, inter- 
rupted by asecondary minimum in February Curves of monthly 
mean noon windstress for the relevant years at OWS CHAR- 
LIE, LIMA and ROMEO and at Ponta Delgada, Azores (Fig 6) 
show that this midwinter ‘dip’ 1s also a characteristic feature of 
the windstress field in January/February 
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(7) To obtain some estimate of the seasonal contribution to the 
total kinetic energy of the long-term record, 1-yr records from 
the second deployment at NEADS-6 (3,050 m) and from 
4,050 m at NEADS-5 were split into equal ~6-month periods 
representative of the quiescent summer and energetic winter 
periods The total eddy kinetic energy per unit mass of the 
summer, winter and full-record time series was then calculated 
At 3,050m, NEADS-6, K,(Rec)summer=3 72cm? sg”, 
K,(Rec) winter=15 64cm’ s? and K,(Rec) for the full 
record = 9 72 cm’ s~’, for 4,050 m, NEADS-5, the correspond- 
ing figures are 0 48, 1 39 and 1 02 cm? s~? respectively Thus the 
summer winter eddy energy ıs in the ratio of 1 42 for the 
NEADS-6 record and 1 2 9 for that at NEADS-5 The cor- 
responding ratios of summer winter mean wind stress for 6- 
month periods, 1 month ın advance of the current meter data, 
are 1 22 (LIMA) and 1 1 9 (ROMEO) 


Theoretical mechanism 


From reviews’’*' of the known properties of linear wave pro- 
pagation in a rotating stratified ocean we can identify possible 
driving forces for the seasonally-varying low-frequency oscil- 
lations that we have observed Candidate mechanisms include 
(1) a response to local and/or remote forcing at the surface by 
wind and buoyancy effects, (2) instabilities and/or eddy-shed- 
ding over topography ın a seasonally-varying mean flow, 
(3) stabilities of large-scale wave motions (such as planetary 
waves) driven by surface forcing, (4) propagation from equa- 
torial regions of coastal or Kelvin waves on the eastern boundary 
which then propagate to the interior either directly as planetary 
waves or indirectly by following depth (h) or dynamical (f/h) 
contours as topographic or edge waves (f = 20 sin ¢, where Q ıs 
the Earth’s angular rate of rotation and @¢ ıs the latitude), (5) 
wave trapping by closed (f/h) contours, 

Many of these theoretical mechanisms have been observed ın 
the ocean but mechanism (1) appears be the most relevant in 
view of the close association with wind stress and stratification ın 
our results This mechanism was explored using an idealized 
model’? which includes a crude representation of stratification, 
rotation, topography, coastal boundaries and surface wind 
forcing 

It ıs umportant to decide whether the observed waves are 
likely to be forced or free The maximum frequency (wmax) of a 
free planetary wave 1s 


@ max — —3Ba 


where £ 1s the northward gradient of the Coriolis parameter and 
a 1s the local radius of deformation (that 1s the distance over 
which gravitational and rotational forces are balanced) Using 
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Fig. 6 Maximum, minimum and mean noon wind stress for each 

calendar month at a, OWS CHARLIE, 52°45’ N 35°30’ W (1977- 

79), b, OWS LIMA, 57° N 20° W (1978-80), c, Ponta Delgada, 
Azores (1977-79), d, OWS ROMEO, 47° N 17° W (1977-79) 





baroclinic/barotropic to refer to depth dependent/independent 
behaviour, we find that for barotropic modes a 1s ~2,000 km at 
midlatitudes so that wna, corresponds to a period of 3 6 days 
Thus barotropic waves could contribute to the observed oscil- 
lations but have no vertical dependence and so cannot account 
for the observed vertical structure For a first baroclinic mode a 
is ~30 km and wmax corresponds to a minimum period of ~8 
months Thus the oscillations observed at 12—50-day periods 
cannot be free baroclinic planetary waves (similar calculations 
for other wave modes are more difficult to make without addı- 
tional data) Therefore 1t was assumed that the observed oscil- 
lations are not free and we now discuss the forced response to 
wind In the present model, the ocean 1s considered to have two 
layers of mean depth H, and A>, (H, « H,) with mean densities 
pı and p2 (p1<2) The stratification 1s stable but unvarying 
Rigid boundaries run north-south but none east-west Any 
topography (of height T) ıs shallower than the lower layer 
thickness and does not vary north-south The ocean ıs driven by 
an eastward windstress acting on the upper layer such that the 
response 1s periodic north-south A full description of the model 
is given elsewhere” 

In view of the depth-dependence of the observed oscillations 
our attention ıs focused on the equation in ref 12 describing the 
baroclinic component of zonal flow Initial runs using realistic 
input parameters but flat topography confirm that for the 
seasonal cycle the planetary wave can propagate, with a rapidly 
oscillating solution across the basin, but at the (lower) ‘eddy’ 
frequencies observed no propagation ıs possible and |ûl (the 
magnitude of the zonal baroclinic component) ıs small away 
from the boundaries The solution 1s almost purely barotropic as 
anticipated 

To see if topography orientated north-south can produce a 
distinct baroclinic signal, the calculation was repeated with 
topography varying sinusoidally east-west, with amplitude 
1,500m (in an ocean of depth 5,400m) and wavelength 
1,250 km The results ın ref 12 show that ın these circumstances 
the topographic effect must be unrealistically large to overcome 
the tme-dependence effect and yield a sizeable baroclinic 
signal The ratio of the topographic to time-dependent terms 1s 
dimensionally g’Tx!(H,H>' Yo f, where g’ 1s the reduced 
gravity, [g(p2—p1)p2_ |, Tx the topographic slope, and / the 
north-south wave number of the forcing For the above 
parameters, this ratio ıs about 5x 107°? However, the ratio can 
easily be increased, by steeper topography, a shorter north- 
south length scale, or by increasing H, All three of these effects 
are probably relevant in the eastern North Atlantic the topo- 
graphical variations can be quite rapid, the confused topography 
may well induce shorter north-south scales in the oceanic 
response, and, most encouragingly, the increase in eddy kinetic 
energy at depth does not occur until a seasonally-strengthening 
wind stress 1s accompanied by the breakdown of the seasonal 
thermocline (that ıs a rapid increase in H,) Thus preliminary 
results from this sumple model seem capable of reproducing a 
baroclinic signal at depth and at the observed eddy frequencies 


Discussion 


There are many potential sources of error in the above type of 
analysis The spectral analysis techniques are strictly valid only 
for stationary time series which 1s not the case in the 60-day 
pieces of record that were used The current meter records 
themselves are relatively short, sparse or discontinuous and 
rarely provide concurrent full-depth coverage On the link with 
wind stress, there 1s an obvious need for caution ın exploring 
causality between time-series that are dominated by one nar- 
row-band signal such as the seasonal cycle With one exception, 
moorings are remote from the Ocean Weather Stations which 
provide the wind stress data, and although the degree of thermal 
stratification ıs thought to be important to the input of eddy 
energy to the deep ocean, time series of temperature in the 
upper ocean which define the breakdown and re-establishment 
of the stratification are very rare 
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Nevertheless, the seasonal signal 1n fluctuation kinetic energy 
is plainly visible ın time series which have been subjected to no 
more sophisticated processing than the application of a low-pass 
filter (for example, Fig 2a), and where spectral analysis has 
been used, the seasonal signal in Kg 1s so consistently shown 
over a wide range of sites, years and sampling depths as to 
suggest that 1t 1s both real and widespread, not merely an artefact 
of the analysis We conclude therefore that ın the eastern North 
Atlantic, remote from the influence of the Western Boundary 
Current, eddy kinetic energy at all depths ıs principally some 
function of wind stress and stratification, generated during the 
winter and early spring, propagating to abyssal depths and 
decaying to a minimum ın late summer If so a similar seasonal 
signal will probably be found to dominate other records from the 
eastern midlatitude oceans and may even be detectable within 
the fields of influence of the western boundary currents or 
further afield in the equatorial zone (A significant correlation 
between wind stress and deep ocean currents has recently been 
observed in the Atlantic North Equatorial Current, east of 
Barbados, at week to month time scales?) Note that the 
suggested mechanism seems to require some degree of bottom 
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slope, a point which 1s apparently confirmed ın the observa- 
tions 

The above conclusion 1s not meant to imply that mesoscale 
eddies as conventionally understood do not exist ın the north- 
east Atlantic Plainly they do, as demonstrated by much direct 
and indirect evidence’*"**®, but equally these random and 
presumably non-seasonal features are sufficiently sparse (or 
weak or shallow) to be undetectable against the dominant ‘eddy’ 
signal arising from wind stress. To paraphrase the conclusion of 
Bernstein and White for the north-east Pacific’’, the north-east 
Atlantic appears to be a ‘near void’ for mesoscale eddies This 1s 
a rather different conclusion to that of Wyrtki et al’® who 
suggest, from their analysis of ship drift data “that the eddy 
motion in the ocean ıs generated ın areas of strong mean shear 
flow and is subsequently distributed over the whole ocean with 
much less decay than the mean flow”. The difference 1s 
important, however If the eddy climate of the eastern midlati- 
tude ocean really ıs more properly described as a function of 
windstress and stratification than as the synthesis of random 
mesoscale events, then the problem of its parameterization ın 
general circulation models should be simplified 
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Petroleum has been dredged from an active hydrothermal mound area in the southern rift of Guaymas Basin, Gulf of 
California This organic matter is composed of gasoline-range aliphatic and aromatic hydrocarbons and predominantly 
residual polar asphaltic material The aliphatic hydrocarbons of two bitumen samples have very different boiling range and 
composition Both samples contain polynuclear aromatic hydrocarbons and olefins, which indicate formation at pyrolytic 
temperatures. The overall compositional data indicate an origin from biological detritus by thermal alteration and rapid 
quenching by hydrothermal removal, followed by condensation at the seabed. 
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THE Guaymas Basin 1s an actively spreading oceanic basin, part 
of the system of spreading axes and transform faults that extend 
from the East Pacific Rise to the San Andreas fault system? ? 
The basin ıs tectonically very active and consists of two rift 
valleys, the northern and southern troughs, separated by a 
20-km transform fault area The sediment blanket accumulates 
at a high rate (>1 mkyr7’), keeping the basin floor covered, 
while the ocean plate accretion process occurs by dyke and sill 
intrusions into the unconsolidated muds’* Both rifts have high 
conductive heat flow (locally exceeding 1 2 W m~)*5 

Petroliferous gasoline-range hydrocarbons were reported in a 
gravity core from the northern trough and interpreted to be of a 
thermogenic origin® Interstitial gas, bitumen and kerogen 
analyses of samples from Deep Sea Drilling Project Sites 477 
and 481 confirm the alteration of the indigenous organic matter 
by hydrothermal stress? 7° 
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The samples discussed here are derived from a deep-tow plus 
heatflow survey cruise by Scripps Institution of Oceanography ın 
1980 Numerous hydrothermal mounds rising 20-30 m above 
the rift floor (water depth ~2,000m) were mapped ın the 
southern trough (Fig 1) and some had active hydrothermal 
plumes*’ Photographs showed encrusted mounds and columns 
covered with tubeworms and other fauna A dredge haul (7D, 
Fig 1) across a 50 m-wide patch of sinter deposits which form a 
mound recovered claystones, massive sulphides, barite, talc and 
other hydrothermal minerals, together with tubeworm speci- 
mens Many of the fragments ın the dredge were stained with a 
petroleum-like oil and had a strong odour similar to diesel fuel 

Several hand-specimens of these odorous, o1l-stained samples 
were sealed ın foil and glass jars, then analysed some months 
later to determine the nature, composition and source of the 
petroliferous material One specimen (7D-2B) 1s a massive 
sulphide with approximately equal proportions of sphalerite, 
chalcopyrite and pyrrhotite, and interstitial barite, the others 
are claystones 
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Fig.1 Location map showing the dredge sıte (7D) and DSDP Site 
477 ın the southern nft of Guaymas Basin 


Experimental 


Two of the dredge sub-samples (7D-3B and -5A, Fig 1) were 
canned under water for analysis of the gasoline-range hydro- 
carbons as described® A packed column (stainless-steel, 2 m x 
2mmid,03% Carbowax 20M on Carbopac C) was used for 
the analytical gas chromatography (Hewlett-Packard Model 
5830A) The injector temperature was at 200°C and the 
temperature programme was 30°C (1 min), 30~225 °C (5 min) 
The headspace ın the cans was 150 cm’ and the concentrations 
of the hydrocarbons are reported as ng cm™° of headspace 

Two other dredge sub-samples (7D-2B and -4A, B, Fig 1) 
were first extracted as received with methanol and methylene 
chloride (CH,Cl,) The aqueous phase was re-extracted with 
CHCl, and the extracts were combined The residue was 
subsequently crushed and extracted further with CH.Cl,, which 
was also combined with the initial extract The total extracts 
were concentrated and aliquots were subjected to column 
chromatography on silica gel (column 1 x 17 5 cm) The samples 
were separated by elution with hexane (15ml as F1), 
hexane/benzene (3 2,25 ml as F2) and then methanol (20 ml as 
F3) into the respective fractions, which were analysed by cap1l- 
lary gas chromatography (GC) and gas chromatography—mass 
spectrometry (GC-MS) The total extracts were also quantified 
by weighing aliquots of dried extract (or fraction) on a micro- 
balance 

The capillary GC analyses were carried out on a Hewlett- 
Packard Model 5830 GC with a fused silica capillary column 
(25 mX0 20 mm1d ) wall-coated with SP-2100 The operating 
conditions were as reported earlier® The GC-MS analyses were 
conducted on a Finnigan Model 4000 quadrupole mass spec- 
trometer interfaced directly with a Finnigan Model 9620 GC 
and equipped with a 30 mx0 25 mm ıd fused silica capillary 
column (wall-coated with SE-54) The operating conditions 
were as reported earlier® The MS data were acquired and 
processed with a Finnigan-Incos Model 2300 data system 
Compound assignments were made from individual mass spec- 
tra and GC retention times, with comparison to authentic 
standards where possible 


Results and discussion 


The relative amounts of the major gasoline-range hydrocarbons 
of two dredge samples are listed in Table 1 Sample 7D-5A has a 





much greater amount of C;—C,, hydrocarbons than sample 
7D-3B and ın both cases the concentrations of branched and 
cyclic compounds (possibly also olefins) far exceed the abun- 
dance of the normal hydrocarbons The approximate total 
concentration of C,-Cio hydrocarbons for sample 7D-5A 1s 
about 10 times greater than for the other sample The relative 
distributions of all hydrocarbons are very similar for both 
samples in the range of C;—Cjo, but sample 7D-3B has only 
minor components from C; to C; (Table 1) The large amounts 
of C,—-Cio hydrocarbons and their structural diversity confirm 
their origin by thermal generation from the sedimentary organic 
matter 

The total bitumen (lipid) extract of sample 7D-2B ıs light 
amber in colour and black for sample 7D-4A, B, both extracts of 
the samples exhibit blue fluorescence ın solution (Table 2) This 
colour 1s typical for (naphtha) heavy condensates and the 
concentrated extract for sample 7D-4A, B does exhibit a yellow 
fluorescence, indicating a major amount of heavier oil 
components The total yield of bitumen 1s highest for sample 
7D-4A, B and it contains only traces of elemental or organic 
sulphur The ‘light’ bitumen (7D-2B), however, has a major 
proportion of elemental sulphur and also organic sulphur 
compounds (the minerals of this sample are massive sulphides) 
These two bitumens are clearly different, which 1s further 
substantiated by the following data The hydrocarbon yields are 
found in Table 2, where the aliphatic fraction (F1) 1s lowest for 
both samples and most of the bitumen 1s comprised of asphaltic 
(F3) and then aromatic/naphthenic (F2) material The aroma- 
tic-to-aliphatic ratio for sample 7D-2B ıs 9 3 and ıt 1s 4 7 for 
sample 7D-4A, B, typical for many crude oils’? 

The GC traces of the aliphatic hydrocarbons are given 1n Fig 
2 and they are dramatically different Sample 7D-2B (Fig 2a) 
exhibits a pattern typical of a petroleum, where the dominant 
n-alkanes, C,,H2,42, range from n = 12 to 33, with no carbon 
number predominance (CPI,23,;=103) and a maximum at 
n-C,, Carbon preference index (CPI)=odd carbon number 
n-alkanes/even over the range indicated for example, 


22 odd Ci3-Ca3 
2 even Cy2.—C39+ 2 even C.-C. 
Pristane and phytane are about equal (Pr/Ph=106) The 
complex, unresolved mixture of branched and cyclic hydro- 
carbons (that 1s, hump) ranges from C4, to C31, also typical of 


petroleum On the other hand, sample 7D-4A,B (Fig 2b) 
exhibits a much narrower GC profile, skewed to lower carbon 





Table 1 Volatile hydrocarbons in dredge samples from Guaymas 


Basin 
Approximate 
concentration 
(ng cm? of 
Retention headspace—150 cm? 
time total) 
Compound* (min) 7D-3B 7D-5A 
2-Methylbutane gL 26 14 
n-pentane 54 14 39 
Cyclohexane 73 05 6 
4-Methyl-2-pentene 8 0 08 63 
3-Methylpentane 83 14 11 
2-Methylpentane + benzene 8 6 09 44 
n-Hexane 97 92 260 
C.-Cyclopentane 103 33 46 
Methylcyclohexane 107 14 1,050 
3-Methylhexane 12 1 33 — 
2-Methylhexane 12 4 58 210 
n-Heptane + toluene 135 >130 950 
n-Octane 16 4 24 29 
n-Nonane 192 48 26 
n-Decane 22 2 17 40 
Total C,—-C;9 hydrocarbons (yg) 80 875 


* identifications based on GC retention time only 
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Table 2 Yields and composition of bitumen from dredge samples in Guaymas Basin 
Total bitumen extract Aromatic/ naphthenic Asphaltic (NSO) 
Sulphur Aliphatic HC (F1) hydrocarbons (F2) compounds (F3) 
Fluorescence _—_- Total yield (ug S° (ug (%oftotal (peg  (%oftotal (ug (% of total 
Sample Colour (UV) (mg) (ugperg) perg) perg) bitumen) perg) bitumen) per g) bitumen) 
7D-2B Light Sky blue 110 1,075 ~450 27 25 250 23 2 315 29 3 
amber 
7D-4A, B Black Dark blue 8,730 70,400 Traces 4,850 69 22,700 32 0 42,900 610 
(yellow on 
sample matrix) l 
21 
20 , 2293 
The major diagnostic molecular markers in this fraction 
181? 25 consist of triterpenoids, extenced diterpanes and steranes with 
7 | ne their rearranged analogs (diasteranes) Their relative dis- 
pr\Ph JT tributions are given ın Fig 3 with an example of the correspond- 
| is | ing compounds ın unaltered lıpıds of shallow sediment from 
14 | | i [Rs Guaymas Basın? The extended diterpanes (Fig 3a) range from 
13,1] Ue Its N mu ĝ 3031 Czo to Cz in a similar distribution pattern as observed for other 
r Ra a a a nee “Yasue < mature petroleum samples’* They are, however, not present in 
a 16,2172 7 the unaltered surface sediments (for example, Fig 3b)f? The 
S y is triterpenoids (Fig 3a) are surprisingly ‘mature’, they are for the 
> 142 most part in their thermodynamically more stable form, 
a 131 16 2 completely different from unaltered lipids of surface sediments 
a 15 11] |18 2 
E | | (for example, Fig. 3b) The triterpenoids are comprised pri- 
| Wi y h marıly of the 17a (H), 216(H)-hopane series ranging from C,, 
| k (no Cy) to C35 and the homologues from C}, to C3, are present 
p ! Si as 22-S and R diastereomeric pairs ın a ratio of about unity This 
BBM atest pp tet et aut aes ace series constitutes the stable mature form of these com- 
Time 15-18 and seems to have been generated by the hydro- 


Fig.2 Gas chromatograms of the aliphatic hydrocarbon fractions 
(F1) for a, sample 7D-2B, and b, sample 7D-4A,B The carbon 
chain length of the n-alkanes ıs indicated by the arabic numerals, 
olefins are indicated by chain length double bond equivalent, 
Pr = pristane, Ph = phytane GC conditions as cited ın the text 


numbers The dominant resolved peaks are various mono- and 
di-olefins ranging from C,, to Cis and the hump ranges from C 
to about C,, This 1s very unlike typical petroleum, as olefins are 
not found in mature crudes’*'* Olefinic hydrocarbons have 
been identified ın a crude oil from Bradford, Pennsylvania’ and 
they were found to consist of mid-chain normal, branched and 
cyclic analogues with the double bonds mainly ın the trans 
configuration The presence of these olefins was accounted for 
by a process of natural thermal cracking followed by the rapid 
disappearance of cis and terminal olefins! The n-alkanes of 
sample 7D-4A, B are present as minor components and range 
from Cio to C23, with essentially no carbon number pre- 
dominance (CPI;o_23 = 1 20) and a maximum at C,, Pristane is 
more abundant than phytane (Pr/Ph = 1 6) 

The GC-MS data for sample 7D-2B (F1) confirmed the minor 
presence of a similar range of mono- and d1-olefins ranging from 
Ci2 to Cy These compounds are not terminal olefins as were 
identified near the sills of DSDP site 481A (ref 9) They are 
slightly more stable ‘in-chain’ olefins with methyl branching, 
similar to those described by Hoering”™* 
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pounds 
thermal activity These compounds are not found in the 
unaltered sediments (for example, Fig 34)°” where the biogenic 
markers with the 178(H), 218(H) stereochemistry and various 
triterpenes predominate Minor amounts of 178(H), 21a(H)- 
moretanes (Coo, C30 and C31), 17B(H), 218(H)-hopanes (C27 and 
C39), #so-hop-13(18)-ene and 178(H)-moret-22(29)-ene are 
also present ın sample 7D-2B These are precursor relics and 
intermediates from the thermal conversion process 

The steroidal markers consist of primarily Sa(H), 14a(H), 
17a(H)-steranes (20R), with lesser amounts of 58(H), 
14a(H),17a(H)-steranes (20 R) and diasteranes [mainly the 
138(H), 17a(H)-20 R or S series]'? 1°! The steranes ranged 
from Cy. to C39, with cholestane as the major homologue (Fig 
3c) The distribution pattern indicates a marine autochthonous 
origin and fits best with similar data for DSDP Site 477 (ref 9) 
The large 5a(H)-sterane concentration 1s a result of the elevated 
thermal stress which probably converted other steroidal 
compounds to these hydrocarbons? 

The extended diterpenoidal, triterpenoidal and steroidal 
indicator compounds are not detectable by GC-MS in the 
hydrocarbon fraction of sample 7D-4A,B This fraction 1s 
composed of more volatile, lower molecular weight compounds 

The GC traces of the aromatic/naphthenic fractions (F2) of 
both samples are givenin Fig 4 Again, the hump of unresolved 
material ıs skewed to the lower molecular weight region ın the 
case of sample 7D-4A,B The GC-MS data indicate that the 
major resolved peaks are polynuclear aromatic hydrocarbons 


Lp) 





Fig. 3  Relattve distribution 
diagrams for triterpenoids ın a, 
sample 7D-2B, and b, an unaltered 
sample, station 30G, 3 5m subbot- 
tom , and steranes ın c, sample 7D- 
2B Relative concentrations are 
based upon GC responses and 
m/z 191 and 217 mass chromato- 
grams 


Relatıve concentration 
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Table 3 Polynuclear aromatic hydrocarbons ın dredge samples from 
Guaymas Basın 





7D-2B 7D-4A,B 
(ngperg (ng perg 


Compound No* Formula MW bitumen) bitumen) 
Indane CoHig 118 05 04 
Tetramethylbenzene 1 CioHig 134 06 45 
Naphthalene Ci oHe 128 4 12 
2-Methylnaphthalene Cii:Hig 142 8 6 
1 -Methylnaphthalene Ci 1Hi9n 142 6 4 
Biphenyl Cy2Hi9 154 3 12 
Dimethylnaphthalene Ci2Hi2 156 50 8 
Acenaphthene CioHig 154 08 28 
Trimethylnaphthalene Ci3Hi, 170 16 40 
Fluorene Ci3sHiqo 166 5 08 
Dibenzothiophene Ci2HsS 184 12 8 
Phenanthrene 2 CisHig 178 27 8 
Anthracene CisHig 178 5 10 
Fluoranthene CigHig 202 40 34 
Pyrene 3 CisHip 202 200 178 
2,3-Dibenzofluorene CizHi2 216 40 40 
Benz(a)anthracene 4 CisHi2 228 15 16 
Chrysene(triphenylene) 5 CisHi2 228 42 38 
Benzo(é)fluoranthene CooHi2 252 40 28 
Benzo(k)fluoranthene Coo9Hy2 252 10 6 
Benzo (e)pyr ene 7 CroH yp 252 62 45 
Benzo(a)pyrene 8 CooHy2 252 25 16 
Perylene 9 CooHi12 252 45 40 
1,2,5,6-Dibenz- C22H14 278 3 24 

anthracene 
Benzo(g,h,:)perylene 10 Co2H1. 276 100 24 
Coronene 11 Cy4H 12 300 64 5 
*See Fig 4 


(PAH), another group of compounds uncommon ın petroleums 
but ubiquitous in higher temperature pyrolysis residues (for 
example, smoke or from zn situ organic matter) **?? 7? 

The major components that were identified and resolved are 
listed in Table 3 The concentrations (ug per g of total oil) of the 
major analogues are of the same order of magnitude for both 
samples The dominant analogues for both samples are the 
peri-condensed aromatic series as for example pyrene, benzo- 
pyrenes, perylene, benzoperylene and coronene These peri- 
condensed structures are more reactive than their angularly 
condensed analogues? Thus, they must have been expelled 
rapidly after genesis to the seabed for their preservation A 
further indication for a pyrolytic origin ıs the presence of 
five-membered alicyclic rings (such as acenaphthene, fluorene, 
and fluoranthene, Table 3) which are found 1n all pyrolysates 
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Fig. 4 Gas chromatograms of the aromatic/naphthenic hydro- 

carbon fractions (F2) for a, sample 7D-2B, and b, sample 7D- 

4A, B GC conditions as cited ın the text 1, tetramethylbenzene, 

2, phenanthrene, 3, pyrene, 4, benz(a)anthracene, 5, chrysene, 

6, benzofluoranthenes, 7, benzo(e)pyrene, 8, benzo(a)pyrene, 
9, perylene, 10, benzoperylene, 11, coronene 


from organic matter, because once formed they do not easily 
revert to peri-condensed aromatic hydrocarbons”??? Note also 
that this fraction contains significant amounts of toxic PAH The 
benzopyrenes are major components and the highly toxic 
benzo(a)pyrene ıs present at levels of 25 and 16 ng per g of total 
bitumen Perylene ıs present ın these fractions and 1s also the 
dominant PAH ın the unaltered sedimentary lipids of samples 
deposited ın the Gulf from oxygen-minimum environments? 2* 
Thus, the chemical composition of this fraction indicates a 
source from pyrolysis with rapid quenching by hydrothermal 
removal and subsequent condensation at the seabed 


Conclusions 


The thermogenic origin of the petroleum-like organic matter ın 
the dredge samples has been confirmed This 1s based on the 
following chemical parameters (1) presence of gasoline range 
hydzocarbons (also the odorous compounds) (2) broad dis- 
tribution of hydrocarbons (hump, C,;—-C33) and presence of 
pristane and phytane, and (3) the relative amounts of aroma- 
tic/naphthenic (F2) and asphaltic (F3) material versus the 
alıphatıc hydrocarbons (F1) 

The mdications that these oils are derived from a higher 
temperature pyrolysis process rather than the normal petroleum 
genesis window (maximum ~ 150 °C)’” are as follows first, the 
presence of peri-condensed PAH, and second, a large amount of 
asphaltic material and possibly the presence of various branched 
and in-chain olefins 

Hydrothermal migration 1s suggested by the following data 
(1) the virtual absence of primary olefins (they were dominant 
components near sills at depth in for example DSDP Site 
481A)’, which are highly reactive and are not expected to 
survive migration in hot fluids, and (2) the same molecular 
marker fingerprint as im situ thermogenic bitumen at DSDP 
Sites 477 and 477A (ref 9) This ıs not a case of migration of 
mature petroleum from geologically old formations (>Quater- 
nary) through the younger sequences, where it could have 
dissolved the indicators just discussed Such an explanation 1s 
inconsistent with the dramatic differences ın boiling range for 
both the aliphatic and aromatic hydrocarbon fractions (F1 and 
F2) of the two samples It 1s more likely that a temperature 
gradient exists at the seabed away from the hydrothermal vent, 
which controls condensation and solution into ambient cold 
seawater of the emanating organic matter (oil) This needs 
further sampling ın more controlled conditions 

Another indication that these ols are derived from thermal 
alteration of the 1mmature organic matter (Quaternary) ın the 
basin 1s found ın the minor biogenic marker residues Traces of 
178(H), 218(H)-hopanes and triterpenes are present ın sample 
7D-2B and these compounds are not found in mature 
petroleum The distribution patterns of these molecular markers 
are very similar to examples from samples at depth (DSDP Sites 
477 and 481)? 

The sediments at depth (DSDP Sites 477, 478 and 481) 
contain large amounts of thermogenic (admixed with some 
original biogenic) interstitial gas? *°, and also thermally derived 
bitumen’ Thus, the presence of petroliferous condensate at the 
seabed indicates that the plume water must contain large 
amounts of methane and higher molecular weight organic 
matter This organic matter can represent a carbon source to 
microbes at the vent site, which 1n turn can be food for the higher 
fauna 
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The nucleotide sequence of cloned cDNA for preproenkephalin from bovine adrenal medulla indicates that the precursor 
protein contains four copies of Met-enkephalin and one copy each of Leu-enkephalin, Met-enkephalin-Arg®-Phe’ and 
Met-enkephalin-Arg°-Gly'-Leu®, a previously undetected opioid peptide. The enkephalin and extended enkephalin 
sequences are each bounded by paired basic amino acid residues. Preproenkephalin may represent a multi-hormone 


precursor, like the corticotropin—B-lipotropin precursor 





METHIONINE-enkephalin (Met-enkephalin) and _ leucine- 
enkephalin (Leu-enkephalin) are endogenous pentapeptides 
with opiate-like activity which were originally discovered ın the 
brain’ The Met-enkephalin sequence 1s contained ın the struc- 
ture of B-lipotropin (G-LPH), which ıs regarded as a pituitary 
hormone We have previously purified the bovine mRNA 
coding for the common precursor of B-LPH and corticotropin 
(ACTH)* and have elucidated the primary structure of this 
precursor protein by determining the nucleotide sequence of 
cloned DNA complementary to the mRNA? Although £g- 
endorphin, a 31-amino acid opioid peptide, which contains the 
Met-enkephalin sequence, has been shown to be produced from 
the ACTH-8-LPH precursor (alternatively designated pre- 
proopiomelanocortin) by post-translational processing, accu- 
mulating evidence indicates that Met-enkephalin itself 1s not 
derived from the same precursor (see ref 4 for review) 
Furthermore, several polypeptides containing Met-enkephalin 
and/or Leu-enkephalin sequences, and which are not related to 
B-endorphin, have recently been isolated from bovine adrenal 
medulla”! Thus, these polypeptides have been suggested as 
intermediates ın the biosynthesis of the opioid pentapeptides 

In an attempt to elucidate the primary structure of the tnitual 
enkephalin precursor (hereafter referred to as preproenke- 
phalin), we have now cloned DNA sequences complementary to 
the bovine mRNA coding for the precursor protein Nucleotide 
sequence analysis of the cloned cDNA has revealed the whole 
amino acid sequence of bovine preproenkephalin 


Isolation of cDNA clones and strategy 
of DNA sequencing 


The initial approach used to clone DNA sequences comple- 
mentary to preproenkephalin mRNA was to screen a library of 
cDNA clones by hybridization with a mixture of synthetic 
oligodeoxyribonucleotides, the sequences of which represented 
all possible sequences predicted from a known partial amino 
acid sequence of an enkephalin-contaiming polypeptide The 
Choice of appropriate hybridization conditions including 
temperature virtually eliminates the formation of mismatched 
duplexes without affecting the formation of perfectly matched 
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ones, thus ensuring the selection of desired clones (Such a 
screening principle” would be useful for isolating cDNA clones 
that carry mRNA sequences present ın low abundance ) After 
isolating cDNA clones carrying a partial mRNA sequence and 
determining the nucleotide sequence of the cDNA, a synthetic 
oligodeoxyribonucleotide primer complementary to a portion of 
the determined mRNA sequence was elongated by reverse 
transcription of preproenkephalin mRNA The cDNA tran- 
scripts thus formed were cloned and screened by hybridization 
with an appropriate restriction fragment derived from initially 
isolated cDNA clones to yield clones carrying mRNA sequences 
upstream from the site corresponding to the synthetic primer 
used 

Poly (A)-containing RNA was isolated from bovine adrenal 
medullas, and double-stranded cDNA was synthesized by 
reverse transcription of this RNA template using oligo (dT) as 
primer A cloned cDNA library was constructed by inserting the 
total cDNA population into the PstI endonuclease cleavage site 
of the bacterial plasmid pBR322 with the use of 
poly(dG) poly(dC) homopolymeric extensions Two 
oligodeoxyribonucleotides, 5’-TCCATCCACCATTC-3’ and 
5'-TCCATCCACCACTC-3' (Fig 1a), were synthesized by the 
modified triester method’? These tetradecamers represent the 
only two possible cDNA sequences corresponding to the unique 
pentapeptide sequence Glu-Trp-Trp-Met-Asp (excluding the 


Fig. 1 Synthetic oligodeoxyribo- 

nucleotides used for priming the reverse 
transcription of preproenkephalin 
mRNA and/or for probing cloned 
cDNA for preproenkephalin In a, all 

possible coding sequences and the cor- 

responding tetradecamers used are 
given for the unique pentapeptide 
sequence ın peptide I (amino acids 217- 
221 of preproenkephalin) In b, the 
coding sequences actually found and a 

mixture of the corresponding tetra- 
decamers used are shown for the four 
Met-enkephalin sequences composed 
of amino actds 97-101, 104-108, 133-137 and 182-186 of preproenke- 
phalin For the numbering of amino acid residues, see Fig 3 


j Glu Trp Trp Met Asp 
5'-GAR UGG UGG AUG GAU-3' 


3’-cTL ACC ACC TAC CT -5' 


Tyr Gly Gly Phe Met 
5'-UA GGG GGC UUC AUG-3” 


3'- TA CCC CCG AAG TAC-5! 
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Fig. 2 Strategy for sequencing the cDNA -100 


-Ii | 100 200 300 400 500 600 700 800 900 19000 
inserts in the plasmids pENK5, pENK45 ! Y I ! f l i j l! j i pr 
and pENK169 The clone pENKS5 was iso- es 
lated as follows Total RNA was extracted an 36R ig E «aw ARO 
from bovine adrenal medullas, and F SS saa S22 S FA mte oa KS 2 6 29KS 
poly(A)-containing RNA was isolated by = of sz 2 NN N i pom SST — 9 Se = © 8". 
Se baie ea P E PROP = = = == a jas = zs =z 7 = z = F = =e F = = = g 
according to the procedure used previously 2 £2 SS € 3 SSD n BES SHB Eu as & DER 
for the isolating of rat liver RNA” Singlee X FI T9 4 faq X EAT IAT La SE a: DER 


stranded cDNA was synthesized by avian 
myeloblastosis virus reverse transcriptase 
(provided by DrS W Beard), using 100 pug 
of poly(A)-containmg RNA as described 
previously’? The product was treated with 


00 





—}+-___——___» <<_—_|_——_—______}+-__—_—___> 
alkali to remove the RNA template?*, and ERE eee 
the second DNA strand was synthesized —_————_-+ O ~ 
with Escherichia colt DNA polymerase I S 2 = . o 
(Klenow fragment)** After treatment of pENK45 
the double-stranded cDNA with Asper- 
gillus oryzae S, nuclease, homopoly- #——>» /’————————> 
meric poly(dC) tails were added to its 3’ e AR ea e> 
ends by calf thymus _ terminal P l 
deoxynucleotidyltransferase** The O——————_> <—__—_—_-0 
poly(dC)-tailed cDNA was annealed to 
poly(dG)-tailed  Psfl-cleaved pBR322 pENK 169 
plasmid DNA’ E Col: y1776°’ or 
HB1017* was transformed with recom- ea —— 
binant plasmids*’, and tetracycline-resis- ee 
tant transformants were screened by SS 


hybridization with the probe specified in 


the text*®, hybridization was carried out at 42°C To isolate clones pENK45 and pENK169, single-stranded cDNA was synthesized with the specific 
oligodeoxyribonucleotide primers mentioned ın the text as described by Houghton et al! The subsequent procedures were the same as described above, except 
that hybridization for selecting clones was conducted at 65 °C (pENK45) or 60 °C (pENK169) with the probes specified in the text The restriction map displays 
only relevant restriction endonuclease sites, which are identified by numbers indicating the 5'-terminal nucleotide generated by cleavage, for the nucleotide numbers, 
see Fig 3 The poly(dA) poly(dT) tract and the poly(dG) poly(dC) tails are not included ım the restriction map, except the poly(dG) poly(dC) tails at the 3’ termim 
of pENK45 and pENK169, the location of these termini are approximate The sequences usec for specific priming of reverse transcriptase are indicated by closed 
boxes, and those used as hybridization probes for selecting clones by shaded boxes DNA sequencing was carried out by the procedure of Maxam and Gilbert!*, 
3'-end-labelling was conducted as described elsewhere*? The direction and extend of secuence determinations are shown by horizontal arrows under each clone 
used The sites of 5'-end-labelling are indicated by short vertical lines at the end of arrows, and those of 3’-end-labelling (PstI sttes) by open circles at the end of 
arrows The slash marks at the end of arrows indicate that the site of 5’-end-labelling was the Alul site on pBR322 plasmid DNA 56 bp from the Pst site flanking 
the cDNA insert** Further details of the sequencing procedures have been described previously? 


third nucleotide residue of the Asp codon), which 1s known to be 
a partial sequence of the enkephalin-containing polypeptides 
from bovine adrenal medulla, BAM-22P (ref 8), BAM-20P 
(ref 8) and peptide I (ref 10) An equimolar mixture of the two 
oligodeoxyribonucleotides was labelled with ?P at the 5’ end 
and used as a hybridization probe to screen for recombinant 
plasmids carrying DNA sequences complementary to prepro- 
enkephalin mRNA Nineteen hybridization-positive clones 
were isolated from about 190,000 transformants On restriction 
endonuclease analysis, at least six of them exhibited a common 
restriction fragment of 68 base pairs (bp) which corresponded to 
the PstI(609)—Rsal(677) fragment containing the coding region 
for Glu-Trp-Trp-Met-Asp (Fig 2), as inferred from possible 
coding sequences for the known amino acid sequence of peptide 
T° Clone pENKS, which carried the largest cDNA insert, was 
subjected to nucleotide sequence analysis by the procedure of 
Maxam and Gilbert’* according to the strategy indicated ın Fig 
2 (see Fig 2 legend for experimental details of cloning) 
Because clone pENKS (carrying nucleotide residues 297- 


1,113 given in Fig 3) evidently did not contain the entire 
protein-coding sequence, a further attempt was made to isolate 
cDNA clones carrying the remaining mRNA sequence For this 
purpose, one of the above-mentioned synthetic oligodeoxyr- 
bonucleotides, 5'-TCCATCCACCACTC-3’', the sequence of 
which was shown by DNA sequencing of the clone pENKS to 
encode the amino acid sequence Glu-Trp-Trp-Met-Asp, was 
used for specific priming of the reverse transcription of prepro- 
enkephalin mRNA, poly(A)-containing RNA from bovine 
adrenal medulla served as atemplate The transcripts formed by 
elongation of the primer were converted to double-stranded 
cDNA, which was cloned in plasmid pBR322 and screened by 
hybridization with the BstNI(350)-BstNI(440) fragment (Fig 
2) **P-labelled by nick translation’ Out of ~1,200 trans- 
formants, two hybridization-positive clones were 1solated which 
shared an internal PstI site (position 210) located upstream of 
the other internal PstI site (position 609) present in pENKS (Fig 
2) One of these clones, pENK45, which carried a larger cDNA 
insert, was subjected to DNA sequencing according to the 





Table 1 Codon usage in bovine preproenkephalin mRNA 





Phe UUU 2 Ser UCU 1 
UUC 8 UCC 4 
Leu UUA 1 UCA 0 
UUG 0 UCG 0 
Leu CUU 4 Pro CCU 3 
CUC 9 CCC 5 
CUA 4 CCA 2 
CUG 17 CCG 2 
Ile AUU 0 Thr ACU 3 
AUC 0 ACC 6 
AVA 0 ACA 0 
Met AUG 10 ACG 1 
Val GUU 1 Ala GCU 3 
GUC 2 GCC 5 
GUA 0 GCA 3 
GUG 3 GCG 4 


Tyr UAU 3 Cys UGU 1 
UAC 8 UGC 6 
Ter UAA 1 Ter UGA 0 
UAG 0 Trp UGG 4 
His CAU 0 Arg CGU 1 
CAC 3 CGC 3 
Gin CAA 0 CGA 2 
CAG 7 CGG 2 
Asn AAU 1 Ser AGU 3 
AAC 3 AGC 7 
Lys AAA 7 Arg AGA 8 
AAG 15 AGG 2 
Asp GAU 6 Gly GGU 4 
GAC 6 GGC 12 
Glu GAA 17 (16) GGA 5 
GAG 15 (16) GGG 9 





Numbers next to codons indicate the numbers of amino acids using particular codons The different numbers given for the Glu codons are due to the 


difference in residue 267 between the clones pPENK45 and pENK169 
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strategy shown in Fig 2, 1t contained a sequence of at least 85 bp 
identical to that present ın clone pENK5 

To confirm the nucleotide sequence 1n the region upstream of 
that encoding enkephalins, we attempted to isolate additional 
clones carrying sequences ın the 5'-terminal region, using cDNA 
species synthesized with another oligodeoxyribonucleotide 
primer which corresponded to sequences encoding Met-enke- 
phalin Analysis of the nucleotide sequences determined for 
clones pENK5 and pENK45 had shown that the coding 
sequences for the four Met-enkephalin sequences located on the 
amino-terminal side of the deduced preproenkephalin structure 
are complementary to either oligodeoxyribonucleotide 5’- 
CATGAAGCCCCCAT-3’ or 5’-CATGAAGCCCCCGT-3' 
(Fig 15) Therefore, we used a mixture of these two oli- 
godeoxyribonucleotides synthesized simultaneously’* as a 
specific primer for reverse transcription of preproenkephalin 
mRNA The cDNA transcripts thus formed were cloned ın the 
plasmid pBR322 as described above From ~100,000 trans- 
formants, one clone (pENK169) hybridizing with the 
Avall(—107)-HinfIl (—58) fragment (5’-end-labelled at the 
HinfI site) was isolated and subjected to DNA sequencing (Fig 
2) Clone pENK169 shared a sequence of at least 371 bp with 
clone pENK45, except that the residues at positions —44 and 
267 in pPENK169 were C and G, respectively, instead of Gand A 
in pENK4S, the latter substitution in the protein-coding region 
leads to a synonymous codon The observed nucleotide 
differences may be due to possible polymorphism ın the bovine 
preproenkephalin gene or to possible errors occurring during in 
vitro CDNA synthesis or DNA cloning 


Nucleotide sequence of preproenkephalin 


mRNA and assignment of protein sequence 


The primary structure of bovine preproenkephalin mRNA (Fig 
3) was deduced from the 1,222-nucleotide sequence (excluding 
the poly(dA) poly(dT) tract and poly(dG):poly(dC) tails) 
determined for the cloned cDNA inserts ın the plasmids 


PENKS, pENK45 and pENK169 The nucleotide sequence was 
determined on both strands of the cDNA for all but 113 residues 
in the 3’-terminal region The sequences of nucleotide residues 
310-411 and 574-690 correspond precisely to the amino acid 
sequences determined for peptide F° and peptide I’, respec- 
tively, provided that the third (Thr) and the eighth (His) residues 
of peptide I are interchanged Furthermore, the sequences of 
nucleotide residues 697-729 and 763-789 match the partial 
amino acid sequences determined for peptide B'® The codon 
for the phenylalanine residue at the carboxyl terminus of 
peptide B 1s followed by the translational termination codon 
UAA Thus the 3’-untranslated region of the mRNA ıs 324 
nucleotides long (excluding the poly(A) tract) All three poly- 
peptide sequences mentioned above, as well as the sequences of 
Met-enkephalin, Leu-enkephalin and Met-enkephalin with a 
carboxyl extension of Arg-Phe (Met-enkephalin-Arg°-Phe’), 
are each bounded by paired basic amino acid residues (except at 
the carboxyl terminus of preproenkephalin) 

In assigning the amino acid sequence of the cryptic portion of 
preproenkephalin, the reading frame of amino acid codons was 
determined by the frame corresponding to the amino acid 
sequences of the known polypeptides Thus, an as yet unknown 
polypeptide of 50 amino acids containing the opioid octapeptide 
Tyr-Gly-Gly-Phe-Met-Arg-Gly-Leu (Met-enkephalin-Arp®- 
Gly’-Leu’) at its carboxyl end was identified between peptides F 
and I Both the polypeptide and octapeptide within are bounded 
by paired basic amino acid residues Peptide F 1s connected by 
Lys-Arg with the preceding polypeptide which contains a Met- 
enkephalin sequence at its carboxyl end This Met-enkephalin 
sequence 1s also flanked by paired basic residues 

The translational initiation site was assigned to the 
methionine codon AUG at positions 1-3 because this 1s the first 
AUG triplet that appears downstream from the nonsense codon 
UGA (residues —96 to —94) found in frame This assignment 
seems plausible because the sizes of the specific cDNA tran- 
scripts formed by reverse transcriptase-mediated elongation of 


5! e-<----- AGGACCGCGAGAGUGAGGCCCECCCECUUUCCUGECUCUCCCCLCGCCGAGAGUCCCCCCGGACCGGGUUUCCACGACCGACCLGCGUGCCCCGAACAGCGGCAACCCC 


-100 -80 -60 -40 


20 


l 10 0 
Met Ala Arg Phe Leu Gly Leu Cys Thr Trp Leu Leu Ala Leu Gly Pro Gly Leu Leu Ala Thr Val Arg Ala Glu Cys Ser Gin Asp Cys 


-20 -1 ‘ 
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AUG GCG CGG UUC CUG GGA CUC UGC ACU UGG CUG CUG GCG CUC GGC CCC GGG CUC CUG GCG ACC GUC AGG GCA GAA UGC AGC CAG GAC UGC 


l 20 40 60 
40 50 


80 
60 


Ala Thr Cys Ser Tyr Arg Leu Ala Arg Pro Thr Asp Leu Asn Pro Leu Ala Cys Thr Leu Glu Cys Glu Gly Lys Leu Pro Ser Leu Lys 


GCC ACG UGC AGC UAC CGC CUG GCG CGC CCG ACU GAC CUC AAC CCG CUG GCU UGC ACU CUG GAA UGU GAG GGG AAA CUA CCU UCU CUC AAC 


100 120 140 
70 80 


Thr Trp Glu Thr Cys Lys Glu Leu Leu Gln Leu Thr Lys Leu Glu Leu Pro Pro Asp Ala Thr Ser Ala Leu Ser Lys Gln Glu Glu Ser 
ACC UGG GAA ACC UGC AAG GAG CUU CUG CAG CUG ACC AAA CUA GAA CUU CCU CCA GAU GCC ACC AGU GCC CUC AGC AAA CAG GAG GAA ACC 


200 220 240 
100 110 
His Leu Leu Ala Lys Lys |Tyr Gly Gly Phe Met]}Lys Arg [Tyr Gly Gly Phe Met|Lys Lys Met Asp Glu Leu Tyr Pro Leu Glu Val Glu 
CAC CUG CUU GCU AAG AAG [UAC GGG GGC UUC AUG] AAG CGG [UAU GGG GG AUG] AAG AAA AUG GAU GAG CUG UAC CCC CUG GAA GUG GAA 
280 300 320 
130 140 


Glu Glu Ala Asn Gly Gly Glu Val Leu Gly Lys Arg [Tyr Gly Gly Phe Mat Lys Lys Asp Ala Glu Glu Asp Asp Gly Leu Gly Asn Ser 
GAA GAG GCA AAU GGA GGU GAG CUC CUU GGC AAG AGA [UAU GGG GGC UC AYG] AAG AAG GAU GCA GAG GAA GAU GAC GGC CUG GGC AAC UCC 


380 409 420 
160 170 


Ser Asn Leu Leu Lys Glu Leu Leu Gly Ala Gly Asp Gln Arg Glu Gly Ser Leu His Gin Glu Gly Ser Asp Ala Glu Asp Val Ser Lys 
UCC AAC CUG CUC AAG GAG CUG CUG GGA GCC GGG GAC CAG CGA GAG GGG AGC CUC CAC CAG GAG GGC AGU GAU GCU GAA GAC GUG AGC AAG 


460 480 500 
190 200 
Arg|Tyr Gly Gly Phe Met Arg Gly Leu]Lys Arg Ser Pro His Leu Glu Asp Glu Thr Lys Glu Leu Gln Lys Arg [Tyr Gly Gly Phe Met 
AGA WAC GGG GGC UUC AUG AGA GGC_UUA! AAG AGA AGC CCC CAC CUA GAA GAU GAA ACC AAA GAG CUG CAG AAG CGA AC GGG GGU UUC AUS 
560 580 600 
220 230 
Arg Arg Val Gly Arg Pro Glu Trp Trp Met Asp Tyr Gin Lys Arg{Tyr Gly Gly Phe Leu] Lys Arg Phe Ala Glu Pro Leu Pro Ser Glu 
AGA AGA GUG GGU CGU CCA GAG UGG UGG AUG GAC UAC CAG AAA AGGIUAC CG c Yuc 
640 660 680 
250 260 


Glu Glu Gly Glu Ser Tyr Ser Lys Glu Val Pro Glu Met Glu Lys Arg |Tyr Gly Gly Phe Met Arg Phe 
GAA GAA GGC GAA AGU UAC UCC AAG GAA GUU CCU GAA AUG GAG AAA AGA [UAU GGA GCA AUG AGE UAA UCCCCUUUCCCAUCAGUGACCUG 
780 


740 760 


AAGCCCCAGCAAGCCUUCCUCUGCCCCCAGUGAAAGACUGCUGCGCUGGUGUGUUGUAUUGUCCCEUGUCGCUUGCAUUAUAUAGUUGACUUGAGAGUCCAGAUAAUUAACUAUACAAC 


820 840 860 880 


AAG CGC UUC GCC GAG CCC CUA CCC UCC GAG 


Fig 3 Primary structure of bovine pre- 
160 1€€ proenkephalıin mRNA The nucleotide 

90 sequence of the mRNA was deduced from 
those of the cDNA inserts 1n the plasmids 
pENK5S, pENK45 and pENK169, the 
nucleotide residues -44 and 267 given 
have been taken from pENK45, whereas 
those of pENK169 are C and G respec- 
340 360 tively (see the text) Nucleotide residues 

150 are numbered ın the 5’ to 3’ direction, 
beginning with the first residue of the 
440 AUG triplet encoding the initiative 
methionine, and the nucleotides on the 5’ 
side of residue 1 are indicated by negative 
numbers The 5'-terminal sequence 
presented does not extend to the 5’ end of 
220 the mRNA (see the text), whereas the 
3'-terminal sequence shown is followed by 
650 a poly(A) tract of 12 nucleotides, thus 
apparently representing the complete 
sequence of this region The predicted 
amino acid sequence 1s displayed above 
the nucleotide sequence, and amino acid 
residues are numbered beginning with the 
initiative methionine The sequences of 
800 Met-enkephalin, Leu-enkephalin and 
Met-enkephalin with a carboxyl exten- 
sion, which are each bounded by paired 
basic amino acid residues (or by the 
carboxyl terminus of preproenkephalin), 

are boxed 
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520 540 


240 


700 729 


920 


CUGAAAGCUGUGAUCCCAGGUUCUGUGUUCUGAGAAUCUUUAAGCUUUUAAAUAUUGGUCUGUUGCAGCUGUCUUGUUUCCAUGCUCAGUUUUUGUUAUCACUUUGUCCUUUAUUUULG 


940 960 980 1000 
ACACAAUGCCAAUAAAUGCCUACUUGUGUGUAGAUAUAAUAAACCCAUUACCCCAACUGC------~- 3' 
1960 1p80 1100 


1020 1040 
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Fig 4 Schematic representation of the 
Structure of bovine preproenkephalin 
The sequences of Met-enkephalin, Met- ı, 1 i 
enkephalin-Arg®-Phe’ and Met-enke- 
phalin-Arg®-Gly’-Leu® are indicated by 
closed boxes, the sequence of Leu-enke- 
phalin by a shaded box and the putative 
signal peptide by a stippled box All the 
paired basic amino acid residues and 
cysteine residues are shown Amuno acid 
numbers (see Fig 3) are given above The 
known peptide structures, peptide F 
(residues 104-137), peptide I (residues 
192-230) and peptide B (residues 233- 
263), are displayed underneath by open 
bars, the known peptides representing 
partial sequences of peptide I-—peptide E 
(restdues 206-230), BAM-22P (residues 
206-227), BAM-20P (residues 206-225) 
and BAM-12P (residues 206-217)—are 
not shown 


Putative 
signal 
peptide 


the Avall(—107)-Hinfl(-58) and Avall(—48)—Hinfl(18) 
fragments (Fig 2) derived from the 5'-terminal region of the 
clone pENK45S suggest that no more than ~65 nucleotides are 
missing from the cloned sequence shown ın Fig 3 Furthermore, 
the first 24 residues starting with the putative initiative 
methionine (residue 1) include many hydrophobic amino acids 
(19 nonpolar residues including 7 leucines) Because the signal 
peptide characteristic of secretory proteins’® generally contains 
a region rich in hydrophobic amino acids with large side chains in 
its central portion and terminates in a residue with a small 
neutral side chain*’ (for example, alanine, glycine or serine), a 
possible site for cleavage of the signal peptide of preproenke- 
phalin seems to be after the alanine at position 24 Assummg 
that the cysteine residue at position 8 1s eliminated with the 
signal peptide, the remaining prohormone would contain sıx 
cysteine residues, all of which are located ın 1ts amino-terminal 
region Other peptide hormones, such as insulin and growth 
hormone, contain an even number of cysteine residues which 
form disulphide bonds’? 

The structure of bovine preproenkephalin ıs schematically 
illustrated in Fig 4 The precursor protein ıs composed of 263 
amino acid residues, having a calculated molecular weight of 
29,786 It contains four copies of Met-enkephalin and one copy 
each of Leu-enkephalin, Met-enkephalin-Arg®-Phe’ and Met- 
enkephalin-Arg°-Gly’-Leu® The amino-terminal region of the 
prohormone contains cysteine residues and 1s preceded by a 
putative signal peptide There is no structure corresponding to 
a-neo-endorphin’’ or dynorphin?°, both of which contain a 
Leu-enkephalin sequence The sequences of Met-enkephalin, 
Leu-enkephalin, Met-enkephalin-Arg®-Phe’ and Met-enke- 
phalin-Arg®-Gly’-Leu® are each bounded by paired basic resi- 
dues, Lys-Arg, Lys-Lys or Arg-Arg (except at the carboxyl 
terminus of preproenkephalin), implying that these enkephalins 
with and without a carboxyl extension can be formed by pro- 
teolytic processing of the precursor molecule!” It1s also possible 
that larger enkephalin-containing peptides do not merely 
represent intermediates 1n the formation of the opioid peptides 
of 5-8 amino acids, but possess specific physiological 
functions’ **°"* A survey of various prohormones suggests that 
the Lys-Arg pair may be a primary site of proteolytic 
cleavage? 7- Assuming that this 1s valid for proenkephalin 
and that the signal peptide 1s cleaved after the alanine residue at 
position 24, the primary products formed by proteolytic 
processing of proenkephalin would be peptides composed of 
residues 25-101, 104-130, 133-179, 182-189, 192-203, 206- 
223, 226-230, 233-254 and 257-263, ıt ıs possible that the 
glycine residue at position 130 ıs eliminated to amidate the 
preceding leucine residue*** These products include Leu- 
enkephalin, Met-enkephalin-Arg®-Phe’ and Met-enkephalin- 
Arg®-Gly’-Leu® All the remaining Met-enkephalin-containing 
polypeptides, except the amino-terminal peptide, would have an 
enkephalin sequence at their amino-terminal end, as 1s the case 
for $-endorphin, a-neo-endorphin and dynorphin This 
processing pattern seems to be consistent with the known opioid 
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activities of the larger enkephalin-contaiming peptides’ £1! 
Those with an enkephalin sequence at their amino-terminal end, 
such as peptide E**, BAM-22P® and BAM-20P®, but not 
peptide F°, exhibit potent opioid activity It 1s conceivable that 
the peptide sequence next to the enkephalin portion of a large 
opioid peptide may modify the latter’s physiological activity by 
conferring additional specificity for recognition of cell surface 
receptors, by increasing the binding affinity or by affecting its 
stability ın vivo Furthermore, the activity of a large opioid 
peptide may be modified by glycosylation, the sequence Asn- 
Ser-Ser at positions 149-151 ıs a possible glycosylation sıte?” 

Note that the structural organization of preproenkephalin 
resembles that of the ACTH-8-LPH precursor? Both precursor 
proteins are composed of multiple repetitive units connected 
with a cyste:ne-containing amino-terminal sequence preceded 
by a signal peptide We have previously proposed that the 
different component peptides of the ACTH-8-LPH precursor, 
acting coordinately ın the central nervous system as well as ın 
peripheral tissues, may be involved ın the defence mechanism of 
the living organism and that the biological significance of a 
multi-hormone precursor may be to produce multiple peptides 
with coordinate functions*”° Assuming that the enkephalin- 
containing component peptides of preproenkephalin perform 
relatea but different physiological functions, their coexistence 
with catecholamines in the chromaffin granules of adrenal 
medullary cells’? seems to support the view that they are 
involved in conditions of acute stress Thus, preproenkephalin 
may represent another multi-hormone precursor from which 
difierent peptides are elaborated by proteolytic processing to 
function coordinately ın the central nervous system and in 
peripheral tissues 


Characteristic features 
of preproenkephalin mRNA 


Computer analysis of the nucleotide sequence of preproenke- 
phalin mRNA reveals that there are, ın addition to the coding 
regions for the enkephalin sequences, many segments that seem 
to represent direct duplications (for example, residues 29-43 
and 50-64, 121-136 and 807-822, 195-207, 462-474 and 
597-609, 237-253 and 800-816, 352-367 and 421-436) This 
Suggests that the structural gene for preproenkephalin has 
evolved by a series of direct duplications of certain common 
ancestral DNA segments followed by substitution, addition or 
deletion of some regions A large number of direct duplications 
was also observed for mRNA coding for the ACTH-8-LPH 
precursor’ 

Codon utilization for preproenkephalin mRNA, like other 
eukaryotic mRNAs”, occurs nonrandomly (Table 1) Specific 
codon choices are preferred for some amino acids, generally 
reflecting a preference for G or C ın the third position of the 
codons 

The translational termination codon UAA ıs followed by 
eight in-frame nonsense codons (residues 814-816, 898-900, 
907-909, 919-921, 1,066-1,068, 1,084-1,086, 1,090-1,092 
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and 1,093-1,095) Two copies of the sequence AAUAAA 
(residues 1,064-1,069 and 1,091-1,096) are present ın the 
3'-untranslated region, the latter being located about 20 
nucleotides upstream from the poly(A) tract This sequence, 
which commonly occurs at the equivalent position of eukaryotic 
mRNAs?”’, 1s probably involved ın poly(A) addition after tran- 
scription 

After completion of tnis work, Gubler ef al *° published the 
sequence of 45 nucleotides of bovine adrenal preproenkephalin 
mRNA (residues 613-657) encoding a partial sequence of 
peptide I Their data, which were obtained by sequencing a 
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cDNA transcript formed by reverse transcriptase-mediated 
elongation of a specific oligonucleotide primer corresponding to 
the sequence Trp-Trp-Met-Asp-Tyr-Gln, differ from ours in 
two residues (G for residue 648 and T for residue 627) 
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Molecular cloning and DNA sequencing have yielded considerable structural information about proenkephalin All 
previously characterized intermediate peptides of the enkephalin pathway tn bovine adrenal medulla have now been aligned 
into an unambiguous primary structure Two basic amino acid residues serve as processing signals for release of each of the 


different components 


ADRENAL medulla, brain and intestinal mucosa from a variety 
of animal species possess enkephalin-containing polypeptides 
(ECPs) in addition to free enkephalin’? Ten to twelve ECPs, 
ranging in molecular weight (M) from ~500 (0 5K) to 12K, have 
been purified to homogeneity from beef adrenal medulla, many 
of these have been completely sequenced, others only 
partially?” It has been suggested that these peptides are inter- 
mediates ın a biosynthetic pathway starting with ‘proenke- 
phalin” This protein has not yet been purified to homogeneity, 
but ıs known to have a M, of 40-50K and to contain one Leu- 


and six or seven Met-enkephalin sequences” Such a protein 
precursor is a likely candidate for the primary translation 
product in the enkephalin biosynthetic pathway To avoid the 
problem of purification and sequencing of such a large and 
scarce protein, we cloned and sequenced proenkephalin mRNA 
and deduced the primary structure of the protein from its DNA 
sequence A previous report’® of the partial characterization of 
proenkephalin mRNA included a limited nucleotide sequence 
analysis which clearly established the presence of mRNA 
sequences encoding a previously described Met-enkephalin- 
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Ser - Pro - His -Leu-Glu-Asp- Glu-Thr-Lys-Glu-Leu- Gin- Lys- Arg - Tyr -Gly-Gly- Phe- Met- Arg 
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5' uGG UGG AUG GAY ual 6 mRNA 
3! ACC ACC TAC CTG ATG G 5! ONA primer 


Fig. 1 The amino acid sequence and corresponding mRNA 
nucleotide sequence of one of the bovine adrenal ECPs (peptide I) 
that was used to derive the synthetic decahexamer described ın ref 
10 Note that DNA sequencing has allowed us to correct two errors 
in the published* amino acid sequence of peptide I residue 3 has 
been changed to a histidine, residue 8 to a threonine The top line 
shows the structure of peptide I and the middle line shows the 
derived mRNA sequence for the region of interest Note the 
extremely low degeneracy of the codons The synthetic deca- 
hexamer 1s shown at the bottom 


containing polypeptide The mRNA was estimated to be 1,400- 
1,500 nucleotides long (consistent with a protein of 40-50K) 
and to represent 0 1% of the total poly(A*)RNA ın beef adrenal 
medulla 

We now report the primary structure of most of the pro- 
enkephalin molecule as deduced from nucleotide sequences of 
cDNA clones These data show unequivocally that a pro- 
enkephalin containing at least six Met-enkephalins and one 
Leu-enkephalin 1s indeed the :mtial product of translation ın the 
enkephalin biosynthetic pathway 


Cloning and sequencing strategy 


Total poly(A*)RNA from bovine adrenal medulla was tran- 
scribed into double-stranded cDNA and molecules >8S were 
inserted into the SphI restriction site of the plasmid pBR322 by 
the GC-tailing technique’* Recombinant plasmids containing 
~300 ng of cDNA were then introduced into Escherichia coli 
RR1 by transformation, resulting in ~70,000 clones’! Clones 
were screened by the Hanahan—Meselson colony hybridization 
procedure’* A synthetic decahexanucleotide was used as the 
radioactive probe The sequence of this probe was predicted 
from the available amino acid sequence of one of the charac- 
terized ECPs (Fig 1) This probe has also been used in the 
partial characterization of proenkephalin mRNA as described 
elsewhere’® The conditions for hybridizing the decahexamer 
directly to colony-bearing filters were identical to those used for 
probing RNA biots’® Twelve positive clones were obtained 
after initial screening of ~15,000 recombinants The plasmid 
DNA of each of these recombinants was analysed and the largest 
cDNA insert (1 kilobase (kb)) was sequenced using the tech- 
nique developed by Messing etal © This cDNA insert proved to 
be a copy of proenkephalin mRNA incomplete with respect to 
the 3’ and 5’ ends Knowledge of 1ts sequence, however, allowed 
us to select another of the recombinants that contained the 
complete 3’ end and 1ts sequence was established as above The 
cloning and sequencing of the rest of the mRNA 1s 1n progress 
and will be reported ın detail elsewhere 


Structure of proenkephalin deduced from 
DNA sequencing 


We used recombinant DNA technology ın conjunction with 
microprotein chemistry to establish the structure of the mayor 
part of proenkephalin Several of the ECPs comprising pro- 
enkephalin have been isolated and their amino acid sequences 
determined** The nucleotide sequence of the partial cDNA 
clones has now allowed the alignment of these ECPs into an 
unambiguous primary structure and elucidated the amino acid 
sequences that link them (Fig 2) All the ECPs previously 
reported from the adrenal gland are represented ın the cloned 


DNA sequences, which clearly establishes that proenkephalin 1s 
their common precursor (Fig 3) The largest ECP found (12 6K, 
Fig 3) actually extends beyond the 5’ terminus of the largest 
cDNA analysed The total size of the proenkephalin segment 
characterized ın these combined studies 1s 27 3K, the initial 
translation product 1s certainly larger Earlier experiments’° 
estimated proenkephalin mRNA to be 1,400-1,500 nucleotides 
long and we have accounted for ~1,000 of these 1n the sequence 
described here Therefore, we can estimate proenkephalin to be 
no larger than ~40K Cloning and sequencing of the 5'-terminal 
region of the mRNA should resolve this issue and also deter- 
mine whether proenkephalin contains additional enkephalin 
sequences 

The sequence of the proenkephalin cDNA indicates that each 
isolated ECP 1s flanked by two basic amino acid residues (Lys- 
Lys, Lys-Arg, Arg-Arg), demonstrating that the ECPs purified 
from the bovine adrenal medulla are immediate products of 
proenkephalin processing rather than artefacts of isolation The 
arrangement of two basic amino acid residues 1s known to be a 
typical pronormone processing signal’* Moreover, each of the 
seven enkephalins 1n the precursor 1s preceded immediately by 
these processing signals, thus the N-terminal tyrosine of each of 


Glu Cys 
Ser Gln Asp Cys Ala Thr Cys Ser Tyr Arg Leu Ala Arg Pro Thr Asp Leu 


Asp Pro Leu Ala Cys Thr Leu Glu Cys Glu Gly Lys Leu Pro Ser Leu Lys 
f}-——— GCT TGC ACT CTG GAA TGT GAG GGG AAA CTA CCT TCT CTC AAG 


Thr Trp Glu Thr Cys Lys Glu Leu Leu Gln Leu Thr Lys Leu Glu Leu Pro 
ACC TGG GAA ACC TGC AAG GAG CTT CTG CAG CTG ACC AAA CTA GAA CTT CCT 


Pro Asp Ala Thr Ser Ala Leu Ser Lys Gln Glu Glu Ser His Leu Leu Ala 
CCA GAT GCC ACC AGT GCC CTC AGC AAA CAG GAG GAG AGC CAC CTG CIT GCT 


ys Lys] Tyr Gly Gly Phe Met [Lys Arg]Tyr Gly Gly Phe Met [Lys Lys] Met 
G AAG TAC GGG GGC TTC ATG AAG CGG TAT GGG GGC TTC ATG AAG AAA ATG 


Asp Glu Leu Tyr Pro Leu Glu Val Glu Glu Glu Ala Asn Gly Gly Glu Val 
GAT GAG CTG TAC CCC CTG GAA GTG GAA GAA GAG GCA AAT GGA GGT GAG GTC 


Leu Gly [Lys Arg|Tyr Gly Gly Phe Met [Lys Lys}Asp Ala Glu Glu Asp Asp 
CTT GGC AAG AGA TAT GGG GGC TTC ATG AAG AAG GAT GCA GAG GAA GAT GAC 


Gly Leu Gly Asn Ser Ser Asn Leu Leu Lys Glu Leu Leu Gly Ala Gly Asp 
GGC CTG GGC AAC TCC TCC AAC CTG CTC AAG GAG CTG CTG GGA GCC GGG GAC 


Gln Arg Glu Gly Ser Leu His Gln Glu Gly Ser Asp Ala Glu Asp Val Ser 
CAG CGA GAG GGG AGC CTC CAC CAG GAG GGC AGT GAT GCT GAA GAC GTG AGC 


4 
[Lys Arg) Tyr Gly Gly Phe Met Arg Gly Leu([Lys Arg]Ser Pro His Leu Glu 
AAG AGA TAC GGG GGC TTC ATG AGA GGC TTA AAG AGA AGC CCC CAC CTA GAA 


Asp Glu Trr Lys Glu Leu Gln [Lys Arg Tyr Gly Gly Phe Met (Arg Arg]Val 
GAT GAA ACC AAA GAG CTG CAG AAG CGA TAC GGG GGT TTC ATG AGA AGA GTG 


Gly Arg Pro Glu Trp Trp Met Asp Tyr Gln [Lys Arg] Tyr Gly Gly Phe Leu 
GGT CGT CCA GAG TGG TGG ATG GAC TAC CAG AAA AGG TAC GGT GGC TTC CIC 


ILys Arg]Phe Ala Glu Pro Leu Pro Ser Glu Glu Glu Gly Glu Ser Tyr Ser 

AAG CGC TTC GCC GAG CCC CTA CCC TCC GAG GAA GAA GGC GAA AGT TAC TCC 
** 

Lys Glu Val Pro Glu Met Glu [ys Arg] Tyr Gly Gly Phe Met Arg Phe 

AAG GAA GTT CCT GAA ATG GAG AAA AGA TAT GGA GGA TIT ATG AGA TTTTAAT 


CCCCTT7CCCATCAGTGACCTGAAGCCCCAGCAAGCCTTCCTCTGCCCCCAGTGAAAGACTGCTGCG 
CTGGTGTGTTGTATTGTCCCGAGTCGCTTGCATTATATAGTTGACTTGAGAGTCCAGATAATTAACT 
ATACAASCTGAAAGCTGTGATCCCAGGTTCTGTGTTCTGAGAATCTTTAAGCTTTTAAATATTGGTIC 
TGTTGCAGCTSTCTTGTTTCCATGCTCAGTTTTTTGTITATCACTTTIGTICCTTTATTTTTGACATAAT 


GCCAATAAATGCCTACTTGTGTGTAGATATAACTAAAA-=3' 


Fig. 2 Complete nucleotide sequence and derived amino acid 
sequence for the 27 3K ECP The enkephalins are underlined, with 
the flanking basic amino acids boxed * Octapeptide, Met-enke- 
phalin-Arg -Gly’-Leu®, ** heptapeptide, Met-enkephalin-Arg?- 
Phe’ (see text) Note that the DNA sequence obtained from the 
clone does not cover the entire amino acid sequence of the largest 
ECP The stop codon ıs underlined, as 1s the sequence AATAAA 
in the 3’-untranslated region of the mRNA 
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—-—————-- Fig. 3 Partial structure of proen- 


kephalın and its processing At the 
top ıs -shown schematıcally the 
cDNA clone, the next line 
represents the deduced primary 
structure of the 273K length of 
proenkephalin Below the broken 
line are shown the various ECPs 
whose structures are known K 
represents M, of 1,000 
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the enkephalins, which ıs required for opioid activity’, 1s 
exposed 1n these partially processed ECPs 

Five of the enkephalins (four Met- and one Leu-enkephalin) 
are also immediately bounded on the C-terminal side by two 
basic amino acid residues, indicating that they are ultimately 
destined to be released as pentapeptides As mentioned above, 
however, they have also been 1solated as parts of large ECPs 


from adrenal medulla (Fig 3) This observation indicates that, 


differential processing of proenkephalin and ECPs may occur in 
the tissue 

Two of the Met-enkephalin peptides ın proenkephalin are 
probably not processed to pentapeptides This 1s indicated by 
the presence of additional amino acid residues between the 
C-terminus of the enkephalin and the dibasic amino acid 
processing sites, for example, the heptapeptide Met-enke- 
phalin-Arg®-Phe’, which occurs at the carboxy-terminus of the 
precursor This heptapeptide is found ın the adrenal medulla 
evidently as a result of processing from proenkephalin at the 
Lys-Arg signal preceding the peptide It had previously been 
placed at the carboxy-terminus of proenkephalin because a 
chymotrypsinlike cleavage at the phenylalanine seemed an 
unlikely processing event* In certain assays, Met- enkephalin- 
Arg®-Phe’ has higher biological activity than free enkephalin’®, 
as does peptide E” Processing of proenkephalin also releases a 
Met-enkephalin Arg®-Gly’-Leu® peptide The presence of this 
octapeptide in adrenal medulla? reinforces the validity of this 
processing mechanism These data suggest that intermediates in 
the enkephalin pathway may be physiologically important and 
that proenkephalin yields more than free enkephalins alone 

Two technical points need further comment We have not 
been able to substantiate the previous findings of a compound 
Leu-enkephalin-Arg® (ref 2) Due to low yields after isolation, 
however, this particular hexapeptide was never purified to - 
homogeneity” DNA sequencing now clearly establishes that the 
Leu-enkephalin sequence 1s followed by a lysine Comparison of 
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the partial sequence from proenkephalin mRNA reported 
earlier? with the sequence given here shows two discrepancies, 
but these do not alter the deduced amino acid sequence The 
earlier sequencing was performed on cDNA transcripts of total 
adrenal mRNA from several animals, the cDNA clone used 
here ıs a copy of only esingle mRNA molecule Therefore, these 
discrepancies could reflect some polymorphism ın the pro- 
enkephalin gene among the bovine population or the presence 
of multiple proenkephalin genes per genome 

Two other ECPs found ın hog tissue, dynorphin’’ and a@-neo- 
endorphin’’, are also extensions of enkephalin at its carboxy 
terminus and are known to have much greater biological activity 
than the free enkephalins These peptides are probably products 
of a different ECP processing pathway as they show no apparent 
homology with any region of proenkephalin analysed so far 
except in the enkephalin sequences which they have 1n common 
However, the adrenal heptapeptide Met-enkephalin-Arg°-Phe’ 
is found ın brain and intestine as well as ın guinea pig adrenal 
gland’? The tissue distribution of proenkephalin biosynthesis 
has yet to be determined, as ıs the origin of this heptapeptide in 
tissues other than the adrenal gland 

B-Endorphin represents another ECP, produced in the 
anterior pituitary gland’°, that has enhanced biological activity 
relative to free Met-enkephalin, like peptide E and the 
heptapeptide from proenkephalin Indeed, the carboxy] exten- 
sions that distinguish these molecules may serve several roles, 
including that of stabilizing them against degradation, or ın 
targeting 

Proenkephalin 1s a unique precursor ın that ıt contains several 
copies of a biologically active peptide, each in a different amino 
acid sequence context Complete processing of the precursor 
yields several enkephalins and larger ECPs The isolation of 
larger ECPs that are partial products of proenkephalin process- 
ing indicates that the full potential of a multivalent precursor of 
this kind to yield a diversity of ECPs 1s probably realized in vivo 
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_Proviruses of avian leukosis virus (ALV) are located in the vicinity of a putative cellular oncogene (c-myc) in 
ALV-induced bursal lymphomas, Enhanced expression of c-myc occurs in association with proviruses found in any of three 
configurations: (I) on the 5' side (‘upstream’) of c-myc in the same transcriptional orientation; (II) on the 3' side 
(‘downstream’) of c-myc in the same orientation; (III) upstream, in the transcriptional orientation opposite to that of c-myc. 
Thus, activation of adjacent cellular genes by retroviral DNA can involve mechanisms other than provision of a 


transcriptional promoter. 





AVIAN leukosis viruses (ALVs) are replication-competent 
retroviruses which lack transforming genes but cause tumours, 
most commonly bursal (B lymphocyte) lymphomas, after a 
lengthy latent period’’. Three recent observations indicate that 
tumour induction by ALVs may depend on activation of cellular 
genes by proviral DNA, rather than on expression of viral genes. 
First, all bursal lymphomas are clonal populations of tumour 
cells containing at least one ALV provirus*”, but solitary pro- 
viruses are often defective and many tumours are devoid of 
normal virus-specific mRNAs**. Second, in most ALV-induced 
bursal lymphomas, proviral DNA is found in the same region of 
the host genomet; Hayward et al. have identified this locus as 
c-myc’, the cellular homologue of the putative transforming 
gene (v-myc) of myelocytomatosis virus-29 (MC-29)*”. Third, 
many tumours contain unusual species of polyadenylated RNA 
which anneal with cDNA specific for the U5 domain of the long 
terminal repeat (LTR) in proviral DNA (cDNAs, see Fig. 1c), 
but not with other viral probes**. These novel RNAs, presumed 
to be initiated in proviral LTRs and extended into flanking 
cellular DNA, appear to contain c-myc sequences and are many 
times more abundant than the usual transcriptional product of 
the c-myc locus’. 

Hayward etal.’ reported that 31 of 37 lymphomas contained 
proviral DNA linked to c-myc, and the structures of proviral 
DNA and RNA in many of these tumours were consistent with a 
model in which the abundant c-myc transcripts were initiated 
within a proviral LTR positioned upstream from c-myc in the 
same transcriptional orientation. Six tumours did not show 
enhanced expression of c-myc. On the basis of these findings, it 
was proposed that a ‘promoter insertion’ mechanism operates to 
enhance expression of cellular oncogenes such as c-myc during 
ALV tumorigenesis. 

In our previous study of four defective ALV proviruses in 
bursal lymphomas’, all seemed to be located in the same region 
of the host genome, but two (from tumours LL1 and LL4) were 
in one orientation with respect to flanking DNA and two (from 
tumours LL2 and LL3) were in the opposite orientation. Further 
analysis of the tumour DNAs with probes for c-myc has shown 
that all four proviruses are located in or near the c-myc locus, 
upstream from sequences homologous to v-myc. The two pro- 
viruses (in LL1 and LL4) which conform to the promoter 
insertion model were associated, as predicted, with RNA species 
detectable with cDNAs», but similar species were not observed 
in LL2 or LL3 in which the proviruses and c-myc had opposite 
transcriptional orientations. — 

The findings with LL2 and. LL3 were thus inconsistent with a 
promoter insertion mechanism and suggested that other kinds of 
regulatory events might occur in the apparent oncogenic 
collaboration between proviral DNA and c-myc. We have 
therefore surveyed additional ALV-induced lymphomas for the 


disposition of proviral DNA with respect to c-myc and for the 
composition of ALV and c-myc-related RNA. Our results 
demonstrate that at least three arrangements of proviral DNA in 
the c-myc locus are associated with enhanced levels of c-myc 
RNA: one of these arrangements is consonant with a promoter 
insertion mechanism but the other two—viral DNA down- 
stream from c-myc in the same orientation and viral DNA 
upstream from c-myc in the opposite orientation—imply that 
hypotheses other than promoter insertion are required to 
account for the enhancement phenomena. 


Strategies for studying c-myc activation 


We have used restriction mapping procedures described by us 
previously* (see Fig. 1c) to characterize the structure of ALV 
proviruses and their integration sites in 12 chicken bursal 
lymphomas and 4 lymphoid cell lines. Cloned restriction frag- 
ments from the v-myc region of MC-29 viral DNA (see Fig. 15) 
served as additional hybridization reagents for determining the 
location and transcriptional orientation of ALV proviruses with 
respect to at least part of the coding domain of c-myc. In each 
case examined, an ALV provirus was situated at the c-myc locus. 
Physical maps of the interrupted c-myc loci from lymphoma 
DNA were compared with a map of the normal c-myc locus 
generated from restriction endonuclease digests of chicken 
DNA and from digests of a cloned fragment of chicken DNA 
containing most or all of the c-myc locus (Fig. 1a). With these 
methods, we have identified seven tumours and one cell line with 
proviruses positioned on the 5’ side of c-myc in the same 
transcriptional orientation (configuration I), one tumour with a 
provirus on the 3’ side of c-myc in the same orientation 
(configuration II), and four tumours with proviruses on the $’ 
side of c-myc but in the opposite transcriptional orientation 
(configuration IID. We are unsure of the proviral orientation in 
the remaining three cell lines, each with multiple proviruses, 
although there is a provirus upstream from c-myc in every case. 

We have explored the functional consequences of these 
arrangements of proviral and c-myc DNA by identifying species 
of polyadenylated RNA from representative tumours with 
hybridization probes for myc and for ALV sequences (parti- 
cularly U3 and U5, see Fig. 1c). In some cases we also deter- 
mined whether multiple hybridization reagents were annealing 
with separately co-migrating RNA species or with a single 
species. Below we present analyses of tumour DNA and RNA 
from samples illustrating the three arrangements of viral and 
c-myc sequences. 


Configuration I: promoter insertion 


EcoRI digestion of DNA from uninfected chicken cells produces 
a 14-kilobase pair (kbp) fragment detected by the PstI fragment 
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of cloned MC-29 DNA which served as our v-myc probe (refer- 
red to hereafter as myc probe, see Fig. 1b and Fig. 2b, lane 2). 
myc probe anneals with two fragments from EcoRI digests of 
DNA from tumour LL4—a new fragment of 3.1 kbp and the 
normal 14-kbp fragment (Fig. 2b, lane 1). The 3.1-kbp fragment 
was apparently generated by an EcoRI site in an ALV LTR 
adjacent to c-myc, as coincident bands were produced by 
hybridization to either cDNA, or cDNA, (Fig. 24, lanes 3, 5). 
(Fragments of other sizes observed after hybridization of 
cDNAs and cDNA,, to parallel digests of control DNA (lanes 
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Fig. 1 a, Map of restriction endonuclease sites in the region of the chicken 
genome containing c-myc. The physical map of c-myc was generated using 
restriction endonuclease digests of chicken DNA. An identical map has been 
obtained from a cloned DNA fragment isolated from a recombinant phage 
library of chicken DNA (B. Vennstrom, manuscript in preparation). The 
domains homologous to v-myc are shown as shaded boxes and were deter- 
mined using as probe a PstI fragment of cloned MC-29 viral DNA ™, which 
was subcloned in pBR322. This PstI fragment, as shown schematically in b, is 
1.5kbp long and contains, in addition to v-myc sequences, a short 
(<0.3 kbp) sequence from the env region of MC-29. As a result, the v-myc 
probe anneals weakly to restriction fragments of ALV -related proviral DNA 
containing env sequences, but the signal is too weak to interfere with our 
analyses (see Figs 24, 3b, 4b). The PstI site which marks the 5’ end of the 
v-myc fragment cleaves within the v-myc sequences (compare with $); thus, 
a small segment (probably <200 bp) of v-myc-specific nucleotides are not 
represented in the probe, and the shaded boxes may not represent all the 
c-myc coding sequences. The v-myc sequences in MC-29 are joined to gag 
sequences encoding viral structure protein®’ generating, on translation, a 
fusion protein, P110*®*™* (ref. 32). Thus, the structure of the c-myc locus is 
still incompletely defined, and the map does not indicate transcriptional or 
translational boundaries for the cellular gene. The direction of transcription 
of c-myc is indicated by the arrow-like shape of the right-hand exon and was 
determined by preparing restriction fragments from a Sall digest of the Psrl 
v-myc fragment as probes specific for the 5’ and 3’ domains of v-myc. The 
length of the intervening sequence was determined by heteroduplex analysis 
of the cloned c-myc DNA fragment and MC-29 viral DNA (B. Vennstrom er 
al. in preparation). (This analysis also confirmed the transcriptional polarity 
of c-myc.) R, EcoRI; B, BamHI; S, Sacl; K, Kpnl; H, HindIII; Bg, Bell. b, A 
diagram of cloned MC-29 viral DNA. The MC-29 DNA was cloned by 
linearizing circular MC-29 viral DNA with EcoRI and inserting the DNA 
into AgtWES - AB (ref. 35). The Psd sites (P) and Sal site (Sa) used to 
generate v-myc-specific probes are shown. The v-myc region is shown as a 
shaded box. c, Maps of restriction endonuclease sites in RAV-2 DNA. This 
map was generated as described by Payne er al.*. The LTRs, ~330 bp, are 
drawn as boxes at the ends of the DNA. The open box represents sequences 
specific to the 3' end of the viral RNA (U3) and the shaded boxes sequences 
specific to the 5’ end of viral RNA (U5). The approximate location of viral 
genes are indicated on the diagram of viral RNA. ‘Signature fragments’, 
which distinguish RAV-2 DNA from proviruses endogenous to the chickens 
used in the present study, are marked by lines connecting the two restriction 
sites. Some of the probes used in our studies represent regions delineated by 
the labelled lines between the diagrams of viral RNA and DNA. Descrip- 
tions of each probe are included in the text and by Payne er al*. 


4,6) contain sequences from ALV-related endogenous pro- 
virus'”''.) The EcoRI site in the ALV LTR is known to be in the 
U3 domain***; if the same EcoRI restriction fragment anneals 
to probes for myc, U3 and US, the provirus must be oriented so 
that it is transcribed in the same direction as c-myc. We have 
previously shown that the single ALV provirus in LL4 is highly 
defective, composed mostly, if not entirely, of a single LTR; 
hence, only two new ALV-related EcoRI fragments were 
detected with cDNA, and only one with cDNA» (Fig. 2b, lanes 
3-6). Tests with several additional endonucleases have 
confirmed the conclusions drawn from the EcoRI data and have 
located the integration site of the defective provirus in LL4 
~0.5 kbp to the left of a SacI site near the 5’ end of the c-myc 
sequences detectable with our myc probe (data not shown). 
Figure 2a shows schematically the arrangement of this provirus 
with respect to c-myc. 

The configuration of the ALV provirus in LL4 suggests that 
transcription originating in the proviral LTR could proceed into 
c-myc, in the manner proposed by the promoter insertion 
model**7, The data presented in Fig. 2c substantiate this pre- 
diction. A single poly(A)" RNA species of 2.5 kb was detected 
with cDNA, (Fig. 2c, lane 7). No other species of RNA were 
observed with probes for other regions of the viral genome, 
including U3 (Fig. 2c, lane 8), a result compatible with the 
truncated structure of the LL4 provirus. The myc probe also 
anneals to a 2.5-kb species of RNA from LL4 (Fig. 2c, lane 9), 
suggesting that the transcripts observed with cDNAs also carry 
myc sequences. Uninfected chick embryo fibroblasts also 
contain 2.5-kb transcripts which anneal with myc probe and 
presumably represent the normal transcription products of c- 


myc™ (Fig. 2c, lane 10); c-myc RNA of the same size and 





myc 5’ 3 5 


Fig. 2 Configuration I: ALV and c-myc DNA and RNA in tumour LL4. a, 
Diagram of the structure of the single ALV provirus in tumour LL4* and its 
position and transcriptional orientation relative to c-myc. The symbols for 
the proviral LTR and c-myc DNA are as described in Fig. 1 legend. Cell 
DNA is represented as a single line. The proviral EcoRI site responsible for 
the 3.1-kbp fragment detected in b is enclosed in a box. The sequences 
detected by the probes used in b and c are delineated under the diagram of 
the DNA, The virus-specific RNA in this tumour is shown schematically 
below the probes. (As these transcripts are equivalent in size to normal 
c-myc transcripts, we presume the hybrid RNA is processed but we are 
unsure of its precise composition.) b, 5g each of LL4 tumour (odd- 
numbered lanes) and DNA from uninfected tissue (even-numbered lanes) 
from the same bird were digested with EcoRI, electrophoresed through 
0.8% agarose, transferred to nitrocellulose and annealed sequentially to the 
probes indicated beneath the lanes*. Sizes in kilobases are shown beside the 
lanes. c, Lanes 7-9, poly(A)” RNA was prepared from the tumour as 
described by Varmus et al.” except that frozen tissue was homogenized 
using a tissumizer (Tekmar) and 20-yg samples were electrophoresed 
through 1.2% methyl mercury agarose, transferred to diazobenzy]- 
methoxy(DBM)-cellulose paper™ and annealed sequentially to the desig- 
nated probes“. Lane 10, 50 ug poly(A)’ RNA from uninfected chick 
embryo fibroblasts was prepared and analysed as described above. The 
autoradiogram of lane 10 was exposed 8.7 times as long as the autoradio- 
gram of lane 9. 
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Fig.3 Configuration II: ALV and c-myc DNA and RNA in tumour LL6, a, 
Diagram of the provirus and c-myc and the resulting transcripts in LL6 as 
revealed using the indicated probes in analyses shown in b and c. The 
symbols and the preparation of the Sal A and Sal B probes are described in 
Fig. 1 legend. Proviral DNA is represented as two parallel lines, cell DNA as 
one line. The EcoRI site introduced by the provirus is boxed. As explained in 
the text, a large deletion of cellular DNA has occurred on the 3' side of c-myc 
but the precise position and size of the deleted DNA are unknown. The 
HindIII, KpnI and EcoRI sites on the right-hand side of the provirus lie 
beyond the region depicted and have been omitted here. b, Lanes 1-8, 
11-14, tumour DNA (odd-numbered lanes) and uninfected DNA (even- 
numbered lanes) were analysed with EcoRI, KpnI and HindIII using 
methods described in the legend to Fig. 2b. Lanes 9, 10, uninfected chicken 
embryo DNA analysed as for Fig. 2b. c, tumour RNA was analysed as for 
Fig. 2c. 


abundance is present in normal bursal tissue (D. Sheiness and T. 
Gonda, personal communication). The concentration of c-myc 
RNA in LL4 was ~70-fold greater than in normal tissues as 
determined by densitometry, with adjustments for the amounts 
of RNA and the autoradiographic exposure times for lanes 9 and 
10 (see Fig. 2 legend). Although the transcripts revealed in lanes 
9 and 10 are similar in size, we do not know the precise 
composition of the stable species. It is likely that the transcripts 
in tumour LL4 have been initiated at a novel promoter provided 
by the ALV LTR, elongated through the c-myc locus and 
processed to remove at least some intervening sequences. 


Configuration II: proviral insertion 
downstream from c-myc 


EcoRI digests of DNA from tumour LL6 do not contain a novel 
c-myc fragment (Fig. 3b, lanes 1, 2). Hybridization with cDNA, 
(Fig. 36, lanes 3, 4) confirmed that c-myc and ALV proviral 
sequences are not present in the same EcoRI restriction frag- 
ment. However, KpnI digestion of tumour DNA produced a 
new myc-specific fragment of ~19 kbp in addition to the normal 
c-myc 13-kbp fragment (Fig. 3b, lanes 5, 6). The relative 
intensity of the bands representing the two KpnI fragments 
implies that the uninterrupted c-myc allele is less abundant than 
the normal locus. This finding has been confirmed with other 
enzymes (see, for example, the analysis with HindIII in lane 11) 
and observed with several other tumours in our collection; we 
presume that the tumour cells in these cases are aneuploid for 
the chromosome bearing c-myc. 

The annealing of cDNA, to the 19-kbp KpnI fragment (Fig. 
3b, lane 7) provides evidence for an ALV provirus between the 
EcoRI site at the 3’ end of c-myc and a Kpnl site positioned 
further to the right. Confirmatory data for an insertion on the 3’ 
side of c-myc were derived from BamHI, Beil, and HindIII 
digests (not shown). Further support was obtained using Sa/I- 
PstI fragments of v-myc as probes to distinguish between the 5’ 
and 3’ exons of c-myc. When uninfected chicken DNA is 
digested with an enzyme (for example, HindIII) which cleaves 
within the only identified c-myc intron (B. Vennstrom et al., 
manuscript in preparation), the Sal A probe (from the 3' end of 
v-myc) detects a 1.8-kbp HindIII fragment in digests of normal 


chicken DNA, whereas the Sal B probe (from the 5’ end of 
v-myc) detects a 10-kbp HindIII fragment (Fig. 3b, lanes 9, 10). 
Using the Sal A probe to analyse digests of LL6 DNA, we 
identified a new HindIII fragment (6.6 kb) that also contains 
ALV sequences (Fig. 3b, lanes 11-14), confirming the position 
of the ALV provirus near the 3' end of c-myc. Further data (not 
presented here) show that the ALV provirus in LL6 has incurred 
a large deletion, leaving only the 3’ LTR and ~0.7 kb of 
adjacent viral DNA. Furthermore, a large deletion spanning at 
least 15 kb of cellular DNA on the 3' side of c-myc has occurred 
in this tumour, removing the HindIII, KpnI and SacI sites 
normally proximal to the 3’ exon of c-myc (compare with Fig. 
la). (This deletion explains why the apparent increments in size 
of KpnI and HindIII fragments in LL6 greatly exceed the size 
of the proviral insert.) Additional mapping results (not shown) 
place the defective provirus within 500 bp of the EcoRI site on 
the 3' side of the v-myc-related sequences in the same tran- 
scriptional orientation (Fig. 3a). 

LL6 contains polyadenylated RNA of 3.7 kb which anneals to 
myc probe and cDNA, but not to cDNAs (Fig. 3c, lanes 15-17). 
The increase in transcript size over the size of normal c-myc 
transcripts may be partly due to ALV sequences; a probe 
homologous to the 3’ end of env also hybridizes to the 3.7-kb 
transcripts (not shown). The concentration of this RNA was 
estimated to be 20 times greater than that of c-myc RNA in 
normal bursa or fibroblasts. The arrangement of the template 
and the size and content of the RNA suggest that transcription of 
c-myc in LL6 originates upstream from c-myc, perhaps at the 
normal initiation site, and proceeds into the ALV provirus, with 
termination or polyadenylation occurring in or near the end of 
U3 (see Fig. 3a). The ALV provirus has therefore altered the 
normal biogenesis of c-myc RNA, probably by replacing the 
c-myc sequences normally recognized as signals for transcript 
termination or polyadenylation. 
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Fig.4 Configuration III: ALV and c-myc DNA in tumour LL3. a, Diagram 
of the ALV provirus and c-myc in tumour LL3; the triangles represent 
deletions. The provirus in the primary tumour LL7 and its liver metastasis 
have a similar configuration to those in LL3 except there is no deletion in the 
cell DNA and the deletion within the ALV provirus is smaller. b, Lanes 1-6 
represent analysis of EcoRI digests of tumour DNA (odd-numbered lanes) 
and uninfected tissue DNA (even-numbered lanes) using probes for myc, U3 
and US as described in the legends to previous figures. Lanes 7-10 contain 
DNA from ALL3E, a recombinant bacteriophage carrying c-myc and part of 
the ALV provirus from LL3 tumour DNA. Lane 7, a photograph of the 
ethidium bromide-stained EcoRI digest of ALL3E DNA visualized by 
transillumination with UV light; lanes 8-10, autoradiograms of the results of 
sequential hybridizations with myc probe, cDNA, and cDNA, to cloned 
DNA transferred to nitrocellulose. ALL3E and two others containing 
different DNA fragments from the c-myc region of LL3 tumour DNA were 
isolated from a recombinant DNA library of partial products of Sau3A 
digestion of tumour DNA cloned in the bacteriophage vector A1059"*. 
Size-fractionated DNA, ~20 kb long, was selected by preparative elec- 
trophoresis of 200 ug of digested DNA through low-melting agarose 
(Seaplaque)*. After recombinant molecules had been packaged in vitro” 
and used to infect Escherichia coli Q359"*, recombinant phage carrying the 
ALV provirus were detected using cDNA» (ref. 36). 
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Fig. § Configuration III; ALV and c-myc RNA in tumour LL7 and its 

metastasis. Lanes 1-3, analysis of virus-specific RNA from bursal tumour 

LL7 was performed as in Fig. 2c. Lanes 4 and 5 represent an analysis of RNA 

from a liver metastasis from tumour LL7. 5 wg of poly(A)” RNA was 

electrophoresed through 1.2% formaldehyde agarose and transferred to 

nitrocellulose*’, The sequential hybridizations using the indicated probes 
were performed as with the DBM-filter bound RNA. 





Configuration III: proviral insertion upstream 
from c-myc in the ‘opposite’ orientation 


Hybridization of EcoRI-digested LL3 DNA with myc probe 
reveals a 2.9-kbp fragment in addition to the normal 14-kbp 
fragment (Fig. 4b, lanes 1, 2). Unlike the new EcoRI fragment 
seen in digests of LL4 DNA (see Fig. 2b), the 2.9-kbp fragment 
from LL3 DNA anneals with cDNA» but not cDNA. (Fig. 4b, 
lanes 3-6). The most likely interpretation of these data (Fig. 4a) 
is that the LTR adjacent to c-myc has assumed a transcriptional 
orientation opposite to that of c-myc. Digestion of LL3 tumour 
DNA with KpnI and HindIII followed by sequential annealings 
with Bam C probe and myc probe confirmed the proposed 
orientation (data not shown). Our conclusion is further suppor- 
ted by previously reported evidence that the ALV proviruses in 
LL3 and LL4 are in opposite orientations within the same 
chromosomal context’. 

We have constructed a recombinant DNA library of LL3 
DNA by inserting tumour DNA partially digested with Sau3A 
into the bacteriophage vector A1059 (ref. 14). Three recom- 
binant phage containing the ALV provirus and flanking cell 
sequences were isolated from the library. Figure 4c shows 
ethidium bromide-stained, EcoRI-digested DNA from one of 
our isolates (lane 7) and the results after Southern transfer and 
hybridization with myc probe, cDNA, and cDNA» (lanes 8- 
10). The 2.9-kbp fragment derived from the cloned DNA 
anneals to cDNA, and myc probe but not to cCDNA.~. These 
data and a more detailed analysis of our three isolates (not 
shown) are in complete agreement with the results obtained 
using tumour DNA. 

Three other bursal tumours (LL2 (ref. 4), LL5 and LL7) have 
an arrangement of ALV DNA and c-myc similar to that 
described for LL3. We previously reported that LL2 and LL3 
lack polyadenylated RNA detectable with cDNA ep or cDNA. 
These results, together with the conclusions from restriction 
mapping, imply that if the c-myc locus is activated by the 
adjacent ALV DNA in these tumours, a viral promoter is not 
directly responsible. To address this issue with reagents specific 
for c-myc as well as ALV sequences, we examined RNA from 
the primary tumour and a large hepatic metastasis of LL7. m ye 
probe reveals a species of RNA in the LL7 bursal tumour 
migrating at 2.5 kb (Fig. 5, lane 1). Surprisingly, this RNA also 
seemed to react with cDNAs (Fig. 5, lane 2) but not with probes 
for other regions of the genome, including cDNA, (Fig. 5, lane 
3). Because our cDNAs probe is strand specific (it only detects 
RNA with the same polarity as the viral RNA genome), the 


orientation of the ALV provirus and c-myc in tumour LL7 
precludes the possibility that ALV U5 sequences from this 
provirus are physically joined to a transcript of the c-myc coding 
strand (see Fig. 4a). This type of transcript might be produced by 
a subset of cells in LL7 containing a provirus upstream from 
c-myc in the same orientation. These cells could produce high 
levels of transcripts with US sequences joined to c-myc 
sequences and remain undetected in our DNA analyses if they 
represented <10% of the total tumour cell population. 

In an attempt to isolate a homogeneous population of tumour 
cells, we examined a liver metastasis from the LL7 tumour. 
Metastases are often clonal expansions of single tumour cells*'’: 
restriction enzyme analyses of the metastasis DNA (not shown) 
indicated that the arrangement of ALV and c-myc DNA in the 
LL7 metastasis was identical to that in the predominant cell 
population in the primary tumour. However, the major 2.5-kb 
species of RNA from the metastasis which annealed to the myc 
probe did not react with cDNA. (Fig. 5, lane 5) or anneal to 
probes for other regions of the ALV genome (data not shown), 
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Fig.6 Tests for linkage of ALV and myc sequences in tumour RNAs. The 
sandwich blot procedure of Dunn and Hassell'®, modified as described 
below, was used to assess physical linkage of ALV sequences and myc 
sequences in RNA prepared from BK 4484A cell line RNA (lane 2), LL6 
RNA (lane 3) and LL7 liver metastasis RNA (lane 4). The 10-kbp BamHI 
fragment containing c-myc (see Fig. la), obtained from a digest of the 
recombinant DNA described in Fig. 1a legend, was subcloned into pBR322 
(D. Sheiness, unpublished). 1 yg of this plasmid, pCMC-2, was digested with 
BamHI and Bg/l and electrophoresed through 1.2% agarose. The DNA was 
detected as described in Fig. 4 legend, then transferred to nitrocellulose. 
5 ug of poly-(A)* RNA was resuspended in 200 ul of an annealing mix 
consisting of 50% formamide, 0.5 M NaCl, 20 mM PIPES pH 6.8, 5mM 
Na EDTA, 0.4% SDS, 250g ml"! poly(A), 2x Denhardt's solution®, 
200 ug ml” carrier yeast RNA. This solution was applied to the filter-bound 
DNA and incubated for 24 h at 41 °C. The filter was washed twice at 53°C 
for 15 min, each with 0.1 x SSC, 0.1% SDS. The filter was blotted dry and 
annealed to cDNAs or CDNA, as described by Quintrell er al.™*. This filter 
was washed twice for 1 h each time at 37 °C with 0.1 x SSC. 0.1% SDS, dried 
and autoradiographed. Lane 1, photograph of ethidium bromide-stained 
Bgll-BamHI digest of pCMC-2 DNA. The bands labelled A, B and C result 
from the c-myc insert and are shown schematically in b. The other bands 
consist of pBR322 DNA sequences. Lanes 2, 4, filters annealed to cDNA». 
Lane 3, filter annealed to cDNA y. b, Diagrams of transcriptional patterns in 
configurations I, II and ITI based on sandwich blots shown in a and analyses 
of tumour RNA from BK cell line (not shown), LL6 (Fig. 3c) and LL7 (Fig. 5, 
lanes 4, 5). The restriction sites are labelled as in Fig. la and the fragments 
designated A, B and C in a are shown. The arrowhead marks the position of 
the ALV provirus and indicates its transcriptional orientation. The tran- 
scriptional pattern of each configuration is shown as an arrow below the 
diagram. The inclined tail of an arrow marked with a serrated line indicates 
ALV US sequences detected with cDNA, in configurations I and III, and 
ALV U3 sequences detected with cDNA, in configuration II. 
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Thus, the metastatic process seemed to isolate a population of 
tumour cells with an ALV provirus upstream from c-myc in the 
opposite orientation and with enhanced expression of c-myc in 
the absence of a fused transcript. The analysis of metastasis 
RNA in Fig. 5 revealed minor transcripts (3.7 and 3.2 kb in lane 
4; 8.4 and 3.2 kb in lane 5) which were apparently absent from 
the primary tumour. However, long autoradiographic exposures 
of the filters carrying primary tumour RNA revealed faint bands 
corresponding to these species (not shown). The 8.4- and 3.2-kb 
transcripts revealed by cDNA, represent normal ALV mRNAs 
and imply the presence of a few cells which harbour non- 
defective ALV. proviruses, either superinfected metastatic 
lymphocytes or infected normal liver cells. The coincidence of 
the 3.2-kb transcript detected by the probes in Fig. 5, lanes 4 and 
5, can be attributed to co-migrating transcripts (see below). 


The myc and ALV sequences are covalently 
joined in RNA from tumours 
with configurations I and II but not HI 


Using the ‘sandwich blot’ procedure of Dunn and Hassell’® (Fig. 
6), we assessed whether ALV US sequences were physically 
linked to myc sequences in tumour transcripts. BamHI-BglI 
double digests of cloned chicken c-myc DNA were electro- 
phoresed (Fig. 6a, lane 1) and transferred to nitrocellulose. 
Unlabelled tumour RNA was annealed to the filter-bound 
DNA, the filters were washed, and RNA containing ALV U5 or 
U3 sequences detected by hybridization to labelled cDNAs or 
cDNA,,.. An autoradiographic signal in a position corresponding 
to one of the BamHI-BgllI restriction fragments indicates phy- 
sical linkage in RNA of sequences homologous to both the 
restriction fragment and the ALV LTR. When we used RNA 
from a tumour cell line (BK 4484A) containing an ALV provirus 
upstream from c-myc in a parallel orientation (configuration I), 
we observed bands corresponding to fragments A and C but not 
B when cDNA. was used as a radioactive probe (Fig. 6a, lane 
2). This result proves that these cells contain transcripts consis- 
ting of ALV U5 sequences physically linked to the c-myc 
sequences in fragments C and A. This conclusion is shown 
schematically in configuration I of Fig. 65 and conforms to the 
promoter insertion model. 

Figure 6a, lane 3, demonstrates that ALV U3 sequences and 
myc sequences are physically linked in RNA from tumour LL6. 
The signal observed with cDNA, at the position of fragment B 
locates the 5’ end of these transcripts at least 1 kb upstream from 
the SacI site marking the 5’ end of the c-myc sequences detected 
by our probe (see Figs la, 66). If these transcripts originate at 
the normal c-myc promoter, these data place that promoter to 
the left of the BglI site which defines the right end of fragment B 
(see configuration II in Fig. 65). Studies of three tumours (LL4, 
LLS and LL7) and one cell line (BK 4484A) showed that each 
provirus is integrated to the right of this Bg/l site. Thus, pro- 
viruses integrated 5’ to c-myc in configurations I and HI (see 
below) would be positioned between the normal promoter and 
the myc sequences that we have detected at increased concen- 
trations in tumour RNA; this could mean that a secondary 
initiation site is used for myc RNA in these cases. We cannot, 
however, exclude other possibilities; for example, the tran- 
scripts in tumour LL6 may be initiated aberrantly, thus obscur- 
ing the location of the true c-myc promoter, or viral sequences 
could be transcribed in configuration II] and removed from 
RNA by splicing. 

RNA from the LL7 metastasis contains transcripts with U5 
joined to sequences in fragments C and B but not A (Fig. 6a, 
lane 4), Because restriction mapping data (not shown) place the 
ALV provirus in LL7 5’ to the c-myc sequences detected by our 
probe, the sandwich blot indicates that transcription probably 
originates in the proviral LTR and proceeds through the region 
represented in fragment C and into that contained in fragment 
B. It also confirms that ALV U5 sequences are not joined to the 
identified c-myc coding sequences in transcripts (Fig. 5). Thus, 
the 3.2-kb RNA species revealed in Fig. 5, lanes 4 and 5, 
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probably represents co-migration of env mRNA and a minor 
c-myc transcript containing no ALV sequences. 


The ALV provirus can act as 
an insertional mutagen 


We have assessed the relative configurations of ALV proviruses 
and c-mycin 12 ALV-induced bursal lymphomas and 4 cell lines 
derived from ALV-induced tumours. Each tumour or cell line 
harboured an ALV provirus situated in the region of c-myc, and, 
in every case examined (five tumours and four cell lines), this 
insertion was associated with levels of myc-containing tran- 
scripts elevated 20-100-fold over levels of c-myc transcripts in 
uninfected bursa. These data further support the proposal’ that 
ALV exerts its oncogenic effects by increasing the expression of 
c-myc, 

Based on the structures of c-myc DNA and RNA in their 
tumours, Hayward et al.’ have argued that the increased level of 
c-myc transcription is uniformly due to the insertion of an ALV 
promoter upstream from the gene, thus subverting the expres- 
sion of c-myc by supplying a promoter more efficient than its 
own. In contrast, we have shown that ALV proviruses can 
assume three different configurations with respect to c-myc, and 
that each configuration is associated with increased transcription 
of c-myc. We have been unable to identify a significant diver- 
gence in experimental protocol that might explain the 
differences between our results and those of Hayward ef al. In 
view of our results, we propose that the ALV provirus 
(specifically the LTR) can act as an insertional mutagen capable 
of enhancing the expression of a cellular gene, c-myc, by as yet 
unknown mechanisms, one aspect of which may be reflected in 
promoter insertion. 

The belief that these phenomena are instrumental in 
lymphomagenesis is founded primarily on the extraordinary 
frequency with which proviral insertions in the c-myc locus and 
high levels of c-myc RNA are encountered in ALV-induced 
bursal tumours. However, the techniques used thus far have not 
identified the stage of tumour induction at which c-myc is 
affected, nor have they fully assessed the possibility that 
sequential rearrangements have occurred at the proviral 
integration sites within the c-myc locus. (In fact, deletions 
affecting proviral or flanking cellular sequences have been 
encountered at a much greater frequency in this experi- 
mental context*® than in others (see ref. 17).) In addi- 
tion, transformation experiments with DNA from bursal 
lymphomas indicate that oncogenic loci devoid of viral or 
c-myc sequences may also be activated during the neoplastic 
process'*"*, 

The transcriptional enhancement exerted by the ALV pro- 
virus during leukaemogenesis constitutes one of two possible 
mutagenic effects on the host genome following retroviral DNA 
insertion: proviruses can also inactivate host genes. The aboli- 
tion of v-src expression due to the insertion of Moloney murine 
leukaemia virus (Mo-MLV) DNA into a Rous sarcoma virus 
provirus has recently been observed in culture’’. Also, the 
mouse genotype dilute may be due to an endogenous MLV 
provirus inserted at a coat colour-determining locus’’. The 
mutagenic properties of retroviral proviruses, as well as struc- 
tural features’’, are shared with transposable elements found in 
bacteria and yeast. Although transposable elements have usu- 
ally been reported to inactivate genes when they induce muta- 
tions”, this probably reflects the genetic selection used; ISZ in 
bacteria” and TyJ in yeast’*?° also alter the expression of 
adjacent genes in a positive manner by mechanisms still 
incompletely defined. 


The mechanism of transcriptional 
enhancement 


The mechanism of ALV-induced enhancement of c-myc 
expression also remains obscure. However, two general, non- 
exclusive proposals can be considered. First, the increase of 
c-myc expression in each of the three observed configurations 
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may reflect properties of c-myc. c-myc could be under the 
control of cis-acting regulatory elements either 5’ or 3' to the 
gene. Integration of ALV DNA into these sequences could then 
release c-myc from their influence. Experiments of Cooper et 
al.°® suggest that cis-acting sequences regulate expression of 
endogenous chicken proviruses, and cis-acting regulators on the 
3' side of a gene have been reported for the mating type locus in 
yeast” and the fetal globin genes in humans”. A second, more 
likely proposal postulates that enhancement reflects a distinctive 
property of the provirus rather than a property of c-myc. For 
example, the provirus could increase the accessibility of c-myc to 
the host cell’s transcriptional machinery by altering the 
nucleosome positions in the region of c-myc. This could account 
for increased c-myc expression in each configuration. Alter- 
natively, the mechanism of enhancement could be unique for 
each configuration. The proviral LTR could act as a c-myc 
promoter if inserted in the correct orientation upstream from 
c-myc. If inserted in the proper orientation downstream from 
c-myc, the provirus could act to stabilize the c-myc transcripts. If 
inserted upstream from c-myc but in an opposite orientation, it 
could affect chromatin structure or bind accessory transcrip- 
tional factors in ways which might increase transcription in both 
directions. 

The hypothesis that a retroviral LTR can enhance the 
expression of a linked gene may find support in experiments 
which introduce selectable genes into cultured cells either as a 
calcium phosphate precipitate or by microinjection. The 
Moloney murine sarcoma virus LTR markedly augments the 
frequency of morphological transformation of NIH-3T3 cells by 
a restriction fragment containing the putative transforming gene 
of murine sarcoma virus (v-mos). This augmentation occurs 
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when the LTR is positioned on either the 5’ or 3’ side of the viral 
oncogene”. When the LTR has been positioned downstream 
from v-mos with the same transcriptional polarity, transcripts 
which proceed through v-mos and terminate in the U3 region 
are observed in the transformed cells (T. Wood and G. Vande 
Woude, personal communication). This situation is analogous to 
the transcriptional pattern found in tumour LL6. Placement of 
the Rous sarcoma virus LTR at either the 5’ or 3’ end of a 
complete herpes simplex virus thymidine kinase (HSV-7k) gene, 
including the true HSV-tk promoter, enhances the number of 
cells (P. Luciw and M. Capecchi, personal communication), It is 
unclear whether the effect of the retroviral LTR in these cell 
culture experiments is to increase transcription of the adjacent 
genes. 

In conclusion, we have proposed that the ALV provirus 
contains a previously unknown ability, independent of its 
configuration, to affect the transcriptional activity of adjacent 
cellular DNA. The transcriptional enhancement provided by the 
ALV provirus suggests that novel mechanisms may control the 
expression of eukaryotic genes. 
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Many emission features have been discovered, in dusty ionized 
regions such as planetary nebulae or HH regions, with 
wavelengths longer than 2 pm (ref. 1). Some are gaseous emis- 
sion lines but many that are too broad to be due to single atoms 
are attributed to emission from dust grains in or near the ionized 
gas. The feature at 3.28 pm (‘the 3.3-j1m feature’) has been 
observed in H I regions*’ in planetary nebulae* and in par- 
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ticular, in the following extragalactic objects: 3C273 (ref. 5) 
(quasar), NGC4151 (ref. 6), M82 (ref. 7), NGC253 (ref. 8), 
NGC2903 (ref. 9), NGC5195 (ref. 9) and NGC6946 (ref. 9). 
We report here new measurements which contradict some of 
these results. In particular, we find the feature in the late-type 
galaxy M83 but do not observe it in either the Seyfert galaxy 
NGC4151 or the quasar 3C273. 

The mechanism that produces the line is thought to be due 
either to fluorescence of the grains in a UV radiation field’? (but 
this requires very high efficiencies) or to the heating of very small 
grains to high temperatures (several hundred degrees)'’. The 
presence of the feature in extragalactic objects such as late-type 
galaxies is not surprising because these objects contain many 
H H regions. Measures of equivalent width of the feature will 
indicate the chemical composition, once studies of galactic 
objects have established the exact nature of the mechanism. In 
objects such as Seyfert galaxies and quasars, however, the 
presence or absence of the 3.3um feature is important as it is one 
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Fig. 1 The circular variable filter spectra of the three objects: 
NGC4151, M83 and 3C273. The wavelengths are rest wavelengths 
and broad-band filter measurements are also plotted for the quasar 
3C273 as solid symbols. The error bars are +1s.d. 


of the few unambiguous dust indicators available to settle the 
question of the presence of dust grains in the nuclei of active 
galaxies. 

As part of a programme to observe a larger number of objects, 
we have measured the spectra of 3C273, M83 and NGC4151 in 
the region of the local rest wavelength of the 3.3-ym feature. 
This was carried out on the nights of 21, 22 and 23 May (UT) 
1981, one object being measured each night. In addition, 
NGC4151 had been observed on 12 April 1981. During these 
nights the sky was clear above Mauna Kea summit and the 
visibility good. The telescope and instrumentation used were the 
UK Infrared Telescope (3.8 m) with an InSb CVF spectropho- 
tometer (1% resolution). Apertures and chopper throws 
respectively were 7.3 and 13 arcs for 3C273, 10.8 and 18 arcs 
for M83, and 14.4 and 18 arc s for NGC4151. The wavelengths 
at which measurements were taken were spaced at 0.02-pm 
intervals near to the position of the feature and a few more 
widely spaced points were also measured. In addition broad- 
band data were obtained. At each observed point several 10-s 
integrations were made and total integration times were 5,600 s 
for 3C273,4,820s for M83 and 5,640s for NGC4151. The 
spectra are shown in Fig. 1, where the flux density F, is plotted 
against the rest wavelength. For both 3C273 and M83 two 
spectra were averaged, while for NGC4151 the April data are 
shown. 

The April data on NGC4151 are the more extensive in 
wavelength and of better signal-to-noise ratio. These data seta 
3g upper limit of 8% of continuum on line height above the 
continuum (while the May data set a poorer upper limit of 23%). 
For 3C273, the corresponding limit is 9% of continuum. These 
limits are conservative, being based on the assumption of a flat 
baseline, and the spectral profile of the CVF. If the continuum 
outside the region of the line were to be slightly curved this 
would reduce the upper limits by a factor of ~2. These limits 
should be compared with previously*® suggested values of 30% 
and 40% respectively. Although both 3C273 and NGC4151 are 
variable by a few tens of percent, our continuum levels are 
sufficiently close to, and also fainter than, the previously 
measured continuum levels, and this cannot cause such a 
discrepancy. 

In M83, a late-type galaxy with H II regions in its nuclear 
region'’, the 3.3-ym feature is clearly seen in Fig. 1. Equally 
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clearly, at the levels discussed above, the feature is not present in 
either the Seyfert galaxy NGC4151 or the quasar 3C273. The 
excellent transparency in the 3-um region at the summit of 
Mauna Kea and high instrumental instantaneous signal-to-noise 
ratios mean that previous detection of the 3.3-jm feature must 
be considered suspect. This experiment shows no evidence for 
dust in the Seyfert galaxy NGC4151 or the quasar 3C273, but 
clearly demonstrates that the dust in M83 and in H H regions in 
our Galaxy share similar properties. 
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The theory‘ that electron—positron pairs in magnetospheres of 
pulsars are created by the interaction of y-quanta with the 
magnetic field B is the basis of the modern theory of pulsars”. 
When considering the process y + B > e* +e” + B in pulsars it is 


` usually accepted that the y-quanta produced by the curvature 


irradiation of the primary particles are emitted tangentially to 
the curved line of force of magnetic field and propagate directly. 
As they do so the pitch angle between the photon wave vector K 
and the magnetic field B increases until a certain value y, when 
the absorption of the photon through pair creation becomes 
possible. We emphasize here that if the resonant behaviour 
characteristic of the vacuum polarization in a magnetic field** is 
considered this picture changes considerably. Namely, the tra- 
jectories of y-quanta are strongly bent towards the direction of 
the magnetic field if the latter is sufficiently intense and at the 
same time the creation is suppressed. We also discuss the effect 
this may have on the energy yield of pulsars. 

In a medium possessing a space-non-uniform refraction 
index, to which a strong magnetic field with curved lines of force 
in a vacuum is an example, a photon must propagate along a 
curved path. However, in this case the path would be curved 
negligibly as long as the traditional expression’ for the refraction 
index is used which differs from unity only by ~10™ (for the 
fields B~ 10’? G). The expressions given in ref. 6, as well as 
those in later publications, however, do not cover the resonant 
situation which occurs in the vicinity of the pair creation 
threshold. This resonant situation has been examined" on the 
basis of the first off-mass-shell calculation of the polarization 
operator in an external magnetic (with electric, as well) field 
outlined in ref. 7 for arbitrarily strong fields. It was found that 
the dispersion curve deflects from its conventional shape w/c = 
IK| which survives only in the region far away from the resonance 
(w is the frequency). The resonant dependence of the 
component K, of the photon wave vector parallel to the 
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Fig. 1 Two disconnected branches of the dispersion curve of the 
photon in a magnetic field. 


magnetic field B on its component K, across B with w kept fixed 
is shown in Fig. 1. Part of the dispersion curve near the first 
threshold 


w? 4m’? 
ct Oh? 

is shown as the solid line in Fig. 1. For Kj <(K? }u, electrons 
and positrons are virtually created. Other thresholds, if the value 
of w is large enough, are located between the lines K? = (Kj) im 


and Kj =0. The solid dispersion curve near the threshold is 
given by the relation 


(Ki har = (1) 
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Near the threshold (1) both K? and the refraction index tend to 
infinity. This singularity may be traced back to the fact that the 
spectra of electron and positron in magnetic field are partially 
discrete. The infinite behaviour of K? is just what we described 
as the resonance. Away from the threshold the dispersion curve 
in Fig. 1 approaches the sloping line w?/c? = K? + K? = K?. The 
dashed line in Fig. 1 shows the real part of the dispersion curve in 
the region of absorption. The frequency here has an imaginary 
part which is responsible for pair creation. The analytical 
expressions for the real and imaginary parts of the dispersion 
curve in this region are given elsewhere’. Note that above the 
horizontal threshold line in Fig. 1 no pair creation by the photon 
is possible. Figure 1 relates to the case when the magnetic field is 
constant in magnitude and direction. The stronger the field, the 
larger is the gap between the two branches of the dispersion 
curves in Fig. 1: 
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The flattening of the dispersion curve (2) near the threshold 
causes the group velocity component across the field v, = 
dw/dK, to tend to zero when K? >(K?),, from inside the 
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region Kj > (Kf Jan the energy of the photon thus being carried 
along the magnetic field. Previously a constantly-directed 
magnetic field was considered and this chanelling effect dis- 
cussed as a refraction on its edge.*°. With the present knowledge 
of the pulsar phenomena, however, it is more reasonable to 
consider a constant magnetic field B, but with curved lines of 
force, and a photon which appears inside it and is directed under 
a certain initial pitch angle 


_,K.(0) 
K(0) A 


with respect to the line of force. Assuming that the curvature 
radius of the line of force is much greater than the wavelength 
and other characteristic length parameters, we may also apply 
the above dispersion pattern to the present case of non-uniform 
magnetic field. Because the dispersive properties of the 
‘medium’ are directionally non-uniform but constant in time, 
the frequency of the photon is conserved whereas its wave- 
vector components are not, and the photon ‘travels’ along its 
dispersion curve in Fig. 1. Classically one allows for the possi- 
bility that the photon may travel along the sloped straight line in 
Fig. 1, which is the empty space dispersion law. In this case the 
path of the photon in space is also straight. After the photon 
reaches the threshold line in Fig. 1 (when the pitch angle reaches 
the value tan y; = (2mc/h)(w?/c? —4m7c7/h?)"'/*, and crosses 
it) the pair creation becomes allowed kinematically. 

However, as long as the dispersion law (2) may be taken 
seriously (restrictions will be discussed below), the photon 
travels along the true dispersion curve (solid line in Fig. 1) and 
never crosses the threshold. Its frequency remains real and the 
pair cannot be created in the experiment under consideration. 
This does not stop a photon creating a pair if the former has been 
prepared below the threshold line, for example, has appeared 
with the pitch angle exceeding #,. The present situation is 
analogous to that known in the theory of polaritons®. Instead of 
creating the pair, the photon, in accordance with the above 
comment on the vanishing of v,, should turn in the space along 
the magnetic field when approaching the threshold. 

To describe the trajectory of the photon we restrict ourselves 
to the case of magnetic field whose strength is constant and lines 
of force are concentric circles. These simplifying assumptions 
allow us to solve the refraction problem analytically and produce 
a model sufficiently representative to allow the situation in the 
more realistic dipole magnetic field to be assessed. Within 
geometrical optics, the law of refraction may be derived using 
the fact that the photon travels in a medium whose refraction 
index is different in each spatial point depending on the direction 
of the magnetic field in it. For the special case under considera- 
tion and the photon moving away from the centre the 
infinitesimal form of the refraction law is dK, = K, da where Ki 
is understood as the function of K , given by equation (2). Taken 
in conjunction with the equations dr = v, dt, r da = vidt which 
describe the motion of the centre of the wave packet, with v 


Uo = tan 





Fig.2 The photon trajectory in a constant concentrical magnetic 
field (the solid line). The circles denote the lines of force. 





Nature Vol. 295 21 January 1982 


217 





being the group velocity 
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this leads to the law of motion of the y-quanta 





E wr(0)K,(0) o dx 





E Kid) Ki (x *) 
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Here the polar coordinates of the photon r, œ and the time t are 
expressed as depending on the unique parameter K, which gives 
the corresponding position of the photon on the dispersion 
an The function Kj (x7) is equation (2) using x° in place 
of Ki. 

If the traditional dispersion law Kj = w7/c’—K* is substi- 
tuted into equations (5) the latter describe the photon propagat- 
ing along a straight path with the constant speed c. If we 
approximate the dispersion law (2) by the broken line: f(K 4%) = 
—K? for K? <4m’c*/i’ and f(K7)=—4m’c*/ for K} > 
4m’*c*/h° we find that the photon moves directly until it gains 
the pitch angle y, (which happens at r(t))=r,= 
riw /c? K? (0)]}"[w?/c?—-(4m’c*)/h 7"), it then bends 
abruptly and propagates along the magnetic field (as now v, = 0) 
with the constant angular velocity (da/dt)= 
(cloro c? —(4m?c*)/h’)'*?. For the very energetic y- 
quantum hw »4mc’, the group velocity v,=c and (da/dt) = 
(c/r,). With the more exact function f(K 7 ) (3) used in equation 
(5) the bending is less steep (see Fig. 2), the centre of the packet 
travels along a spiral which approaches asymptotically (from 
inside) the limiting circle, whose radius is 


K0) _ 


r(oo) = r(0) Ko)” 





We call this phenomenon the capturing of y-quantum by 
magnetic field. 

Previously, we have been dealing with photons of only one 
polarization mode—that which has its electric field lying in the 
plane containing the magnetic field B and the direction of 
propagation K. The other mode whose electric field is ortho- 
gonal to this plane, has its first virtual pair creation threshold at 
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and not at threshold (1), because the two particles created by the 
photon of this mode cannot both be in the ground state—one,of 
them must occupy the first excited Landau level’. This level 
being unstable, the threshold level also acquires some width. 
However, this does not affect the above conclusions about 
capture. As for the pair creation it does occur but only through 
tunnelling and is suppressed to this extent. 

Consider now the restrictions on the magnetic field necessary 
for the above treatment. As already noted, the direction of the 
group velocity changes abruptly in the bending point if one uses 
the broken-line approximation for the dispersion curve. It 
follows from equations (2), (3) and (5) that the time 7 during 


which this change occurs is about 
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The geometrical optics used above is justified if rc > A, where A 
is the photon wavelength. This is only if the magnetic field 
exceeds ~0.18,,. Other restrictions on the magnitude of the 
magnetic field are supplied by the following consideration. The 
derivation of dispersion law (2) was based on calculations which 
formally treated the magnetic field as external, that is, one which 
does not undergo any recoil. This approximation should be 
subjected to an a posteriori verification. This reduces to check- 
ing whether a given magnetic field can indeed provide the 
momentum transfer necessary to make the photon follow the 
law of motion (5). The corresponding analysis indicates that 
approximately the same condition as above is sufficient to 
provide the capturing, whereas a lesser field is required to keep 
the photon on the trajectory along the field once it has been 
captured. 

We now discuss the consequences of the capturing of the 
y-quanta in the magnetospheres of pulsars. According to Stur- 
rock’s model’ of pulsars there is a gap near their magnetic poles 
wherein the component of the electric field E, parallel to B is 
nonzero and equal to (OQhma/c)Bp=(QR/c Y "Bp, where Q= 
27/P is the angular velocity of the pulsar, Bp is the magnetic 
field at its pole, R is the radius of the neutron star and Ama the 
length of the gap equal to Amas = (Q.R/c)'’R. Using this model 
one could explain the energy yield of the system: the pulsar 
NP0532-—Crab Nebula’’. A quantitative theory was also pro- 
posed which explains rather well the radiation spectrum of 
NP0532 and Crab Nebula’™'', However, the length of the gap? 
cannot in fact exceed the free path /,, which the y-quantum of 
the curvature irradiation passes before converting into the 
e*e’ -pair, as the pairs created screen E, and the length of the gap 
decreases to the value /,. For old (slowly rotating P= 1s) 
pulsars, 1, ~ Amas ~ 10* cm, that is the pair creation does not 
affect the gap in this case. For fast rotating pulsars the path /,, 
when evaluated using the assumption of the straight-line pro- 
pagation of the photons, is essentially <A,,,, for most of the 
y-quanta of the curvature irradiation. For example, for NP0532 
(P = 0.033 s) 1, is less than ha, by ~1.5 orders. Consequently, 
in the framework of the existing theory of pulsars one cannot 
explain either the luminosity of Crab Nebula or that of the pulsar 
NP0532. The analogous difficulty is encountered, although to a 
lesser extent, with the pulsar PSR0833 — 45 in the remnant of 
Vela. 

The effect considered here may overcome this difficulty. At 
B20.1B,, the y-quanta of curvature radiation generated by the 
primary particles are captured by the magnetic field and leave 
the gap region without having created pairs at the ratio sufficient 
for its screening. Later the y-quanta leave the domain of strong 
field. As the field becomes insufficient to keep them in its orbit 
we go beyond the range in which the above consideration is 
valid. One may assume, however, that the y-quanta are released 
and may create pairs; this would occur at the distance of several 
radii of the neutron star. 

We thank Professor V. L. Ginzburg for helpful discussion. 
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New evidence for degassing 
processes during explosive eruptions 


R. S. J. Sparks & S. Brazier 
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Measurements of pore size distribution in five samples of 
pumice, formed during explosive eruptions of plinian type, show 
three distinct sizes of vesicle. The characteristics of the three 
pore size populations are similar in the samples although they 
were collected from plinian deposits of five different volcanoes. 
We interpret the pore size populations as representing the 
degassing of silicic magma on three very different time scales. 
The coarse population (>60 pm) represents slow vesiculation 
within the magma chamber over periods of weeks. months or 
years at small levels of gas supersaturation. The medium-sized 
population (50-5 jm) represents rapid vesiculation of magma 
on ascent to the surface during the plinian eruption over periods 
of minutes to hours. The fine population (5-0.5 pm) represents 
bubbles formed during explosive disruption of magma and rapid 
ejection into the atmosphere, involving short time scales (a few 
seconds), but large decompression rates. 

The pore size distribution of five individual samples of pumice 
collected from plinian deposits was measured using mercury 
porosimetry? (a detailed description of the technique is given in 
ref. 2). The porosimetry method involves the forcing of mercury 
into a porous material under increasing pressure. The technique 
is based on the principle that when mercury is forced under 
pressure into a pore of characteristic dimension rand length /, an 
amount of work W is required which is proportional to the 
increased surface area exposed by the mercury at the pore wall. 
Theory’ shows that the pressure P is related to the pore size, the 
surface tension of mercury y and contact angle @ as follows: 


P=(2y cos @)/r 


The method allows the determination of pore size distribution 
from 300 to 0.003 um, surface area per unit weight of sample for 
pores greater than any specified value, and an approximate 
estimate of density. The method strictly measures the dimen- 
sions of entrances to pores rather than the internal dimensions. 
Duplicate runs on the same material using this method typically 
show a standard deviation of mean pore size of only 2-3%. The 
actual shapes and dimensions of pores have been examined by 
scanning electron microscopy (SEM) for comparison. The 
present results are preliminary but are the first measurements of 
the detailed pore size characteristics of volcanic ejecta. 

The five samples studied were collected from the 18 May 
plinian deposit of the 1980 eruption of Mount St Helens 
(STH15), the Avellino plinian deposit of Vesuvius (IT540), the 
1975 plinian deposit of Askja volcano, Iceland (AS10), the 
plinian deposit of the Tierra Blanca tephra, Lago de llopango, 
El Salvador (TBJ) and the plinian deposit of the Bronze Age 
Minoan eruption of Santorini, Greece (MIN). Table 1 lists some 
relevant properties of the pumice samples and results of density 
and surface area determinations. 

Figure 1 shows differential pore volume plotted against pore 
diameter. The most striking feature of the data is that three 
discrete ranges of pore size are observed in all five samples 
despite the different localities. The Vesuvius sample shows the 
same pattern although the glass composition is trachytic whereas 


the other four samples are rhyolitic. The relative volumetric ; 


proportions of the three populations differ from sampie to 
sample. For example, the finest-size population is dominant in 
the Vesuvius and Tierra Blanca samples, but is subsidiary in the 
Minoan sample. However, measurements on two other samples 
of Askja pumice clasts show considerable variation in the am- 
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Table 1 Properties of pumice samples and results of density and 
surface area determinations 


Surface 
Density area 

Sample Locality Composition (gem `“) (em? g`?) 

STH15 3 km east of Dacite with 0.91 8.47 x 104 
Mount St Helens rhyolite glass 

MIN Thera Quarry, Rhyodacite with 0.81 0.79 x 104 
Santorini rhyolite glass 

IT540 Ottaviano Trachyte 0.62 8.04 x 104 
Village, Vesuvius 

TBJ Lago di Ilopango, Rhyolite 1.03 0.54x10* 
Nicaragua 

AS10 15km east of Rhyolite 0.69 5.57x 10" 
Oskjuvatn 


Caldera, Askja 





The measurements of surface area are for all pores down to a nominal 
diameter of 0.003 um. 


plitude of the three peaks. This implies that many more analyses 
would be required to demonstrate significant differences in the 
overall size population distribution of the five pumice deposits. 
From the distributions in Fig. 1 we separated each pore size 
population and plotted the data on a graph of log pore diameter 
against cumulative volume per cent. The range of pore sizes in 
each population, as measured by the diameters at the 16th, 50th 
and 84th percentiles on the cumulative plot, is strikingly similar 
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Fig. 1 Plots of differential volume against pore diameter for five 
pumice samples. 
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for the five samples. Table 2 lists the median pore diameter, pore 
size range and pore volume per gramme of sample for each 
population. In three samples (IT540, STH15 and AS10) 
Significant proportions of pore sizes are observed down to 
0.02 um (Fig. 1) whereas in samples MIN and TBJ there are no 
significant proportions of pore sizes beneath 1.0 um. The 
porosimetry method only measures pores <300 um across. 
Much larger vesicles are observed in all our samples. 
Consequently the coarsest population cannot be completely 
determined. 

Examination of the pumice samples by SEM establishes that 
the pore dimensions determined by porosimetry are represen- 
tative of the true sizes of vesicles. Furthermore the different size 
populations of vesicles are also apparent. Figure 2 shows 
micrographs of sample IT540. Figure 2a shows a group of 
vesicles in the approximate size range 10-20 um surrounded by 
areas characterized by much smaller vesicles. Figure 26 illus- 
trates an area of the smaller-sized vesicles which are typically in 
the size range 1-4 um. The size ranges of the two groups of 
vesicles observed with the SEM are comparable with the 
middle-sized and fine-sized pore size populations (Table 2). 

The three populations of pore sizes provide intriguing new 
evidence on the processes of degassing during major explosive 
volcanic eruptions. The occurrence of essentially the same pore 
size populations in samples from five different plinian deposits 
suggests a coherent pattern of degassing in this style of volcanic 
activity. 

Models of explosive volcanic eruptions’ involving high 
viscosity magmas recognize three stages of vesiculation. Before 
an eruption magma oversaturated in volatile components will 
form bubbles within the chamber. Bubbles can reach substantial 
dimensions because the time scale for growth can be large 
(weeks, months, years, even centuries), although the over- 
saturation pressure causing gas to diffuse into the bubbles may 
be small*. We suggest that the population of coarse pore sizes 
represents vesiculation of gas within the chamber before erup- 
tion. 

The second stage of vesiculation occurs as magma ascends to 
the surface just before and during the eruption. Plinian erup- 
tions typically last a few hours to a couple of days with discharge 
rates of magma in the range 10°-10° m° s ' [ref. 3]. During this 
period magma is transported from depths of a few kilometres to 
near the surface where explosive disruption occurs. Models of 
this process** suggest that explosive disruption occurs at pres- 
sures of a few tens of bars. Thus the magma decompresses from a 
few kilobars to a few tens of bars in typical periods of many 
minutes to a few hours. We propose that the medium-sized 





Table 2 Data on three pore size populations 


Median pore 


Pore diameter Pore volume Pore size 
population Sample (um) (cm° g` ') range (um) 
STH15 166 0.11 234-110 

MIN 98 0.14 173- 60 

Coarse IT540 119 0.07 202- 46 
TBJ 117 0.04 202- 71 

AS10 174 0.38 245-119 

STH15 20.1 0.09 37.0-10.5 

MIN 14.4 0.60 28.1- 7.8 

Medium IT540 12.3 0.21 27.9- 6.6 
TBJ 13.8 0.11 28.8- 6.3 

AS10 20.1 0.30 34.7-10.2 

STH15 2.04 0.37 3.05-1.10 

MIN 3.80 0.05 4.90-3.02 

Fine IT540 2.69 0.77 4.17-1.45 
TBJ 2.88 0.40 3.98-1.80 

AS10 1.91 0.25 2.91-1.17 





The pore size range shows the 16th and 84th percentiles of each log 
normal distribution on a plot of cumulative volume versus pore diameter 
(see Fig. 1). The pore volume values are approximate estimates of the 
volume of each population group per gramme of sample. 





Fig. 2 Scanning electron micrographs of Avellino pumice sample 

(IT540). a Shows a group of large vesicles in the centre which 

correspond to the middle-sized pore pupulation and areas of small 

vesicles which correspond to the fine-sized pore population. Scale 

bars, 10 um. b Shows an area of small vesicles which are prominent 
in the upper left-hand part of a. Scale bars, 1 pm. 


population of pores are nucleated at this stage. We note that 
although decompression is rapid in this period, the loss of gas 
(assumed to be largely H20) from silicic magma causes a sharp 
increase in viscosity. For viscosities >10° poise bubble growth 
will be significantly retarded*. During this second stage the 
bubbles that had formed in the chamber will continue to grow by 
diffusion and decompression resulting in the clear separation of 
the two generations of bubbles observed in Fig. 1. 

The final stage of vesiculation occurs during explosive dis- 
ruption of the magma into the atmosphere. Velocities of the 
order 300-600 ms ` and decompressions of the order of a few 
tens of bars are attained during plinian eruptions’. Rapid 
quenching of disrupted magma (pumice and ash) occurs as cold 
atmospheric air is mixed turbulently into the explosion column. 
Time for bubble nucleation and growth is restricted to a few 
seconds. However, we propose that the large pressure drop 
nucleates a large number of small bubbles and that the popu- 
lation of fine pores forms at this stage. 

The data reveal an unexpected and distinctive pattern of three 
pore size populations in plinian pumice clasts. The three periods 
of vesiculation proposed to explain these populations seem to be 
the most obvious explanation. However, much further work is 
required to confirm this hypothesis. If our interpretations of the 
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data are correct, the degassing history of magma can be traced 
back into the chamber. We suggest that studies of pore sizes and 
surface area in volcanic ejecta may prove a fruitful way of 
studying the processes of volcanism. Studies of ejecta from 
different types of volcanic activity could provide new insights 
into volcanic mechanisms. 

Measurements of pore size distribution were made on the 
Micromeritics Mercury Penetration Porosimeter Model MIC 
9200 at Coulter Electronics Laboratory, UK. We thank R. 
Wenham for advice on the method and its interpretation. This 
research was carried out under NERC grant 6234. 
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Recent measurements'” on ice samples from Camp Century 
(Greenland, 77°10'N, 61°08’ W), Byrd Station (Antarctica, 
80°01'S, 110°31'W) and Dome C (74°40'S, 125°10' E) 
suggest that during the late part of the last glaciation the 
atmospheric CO, concentration was significantly lower than 
during the Holocene. Further investigation of this natural 
increase of the atmospheric CO, concentration in the past 
should aid our understanding of the climatic implications of the 
man-made CO, increase since the beginning of industrializa- 
tion’. Here we report new and precise measurements of the CO, 
concentration of the air occluded in bubbles of ice samples from 
Camp Century and Byrd Station, using a new dry extraction 
technique. The extracted gases were analysed with an IR—laser 
spectrometer (IRLS). Samples from 22 different depths were 
analysed from each core. The samples are distributed over a 
depth interval corresponding approximately to the past 
40,000 yr. In addition results for ice samples from selected 
depth horizons from a colder region (North Central, Greenland 
74°37 N, 39°36’ W) and from a warmer region (Dye-3, Green- 
land 65°11’ N, 43°50’ W) are given. Based on these results we 
estimate the trend of the atmospheric CO, concentration during 
the past 40,000 yr. 

Samples of ~1 g were cut from the ice core with a band saw. 
The sample was placed into a cooled (-20°C) container 
between two needle matrices. The system was then evacuated 
and the ice cube crushed by pressing the needle matrices against 
each other. The gas originally trapped in the bubbles of the ice 
escaped and flowed into an absorption cell, where the CO, 
concentration was determined using an IRLS. The crushing 
process was very quick and the absorption peak was measured 
repeatedly for a few minutes. The fast extraction and the 
continuous monitoring of the CO, concentration of the escaped 
gas allowed us to check whether the measurement was affected, 
for example, by a small leak or CO, contamination from the 
surface of the container (R. Z., A. N. and H. O., in preparation). 
The precision of the measurements was 1.5% . Between two and 
eight samples were measured at each depth. 

To determine the total inorganic carbon content, ice samples 
of 300 g were melted in an evacuated glass container and the 
gases extracted for 7 h. The samples were analysed with a gas 


chromatograph*. If the melt water was alkaline, CO,-free 
phosphoric acid was added to complete the extraction of CO.. 
The total inorganic carbon content consisted of the CO, in the 
bubbles, the CO, dissolved in the ice matrix, the carbonates 
from dust incorporated in the ice and carbonates from the 
surface of the ice. Both the IRLS and the gas chromatograph 
were calibrated with three standard gases prepared by the 
Scripps Institution of Oceanography’. 

Figure 1 shows the measured CO, concentrations plotted 
against depth, together with a simplified '"O/'°O ratio curve 
derived from the detailed curve given by Johnsen er al.°. The 
originally recovered Camp Century and Byrd Station cores are 
generally of poor quality between the 400 and 1,200 m depths 
and the ice is heavily fractured. In these depth intervals the 
measured CO, values exhibit large scattering. This might be due 
to contamination by drilling fluid, a mixture of diesel fuel (88%) 
and trychlorethylene (12%), penetrating through small cracks 
into the ice. In these fractured ice zones, we measured several 
samples at each sample depth. Its small size meant that the 
sample was probably uncontaminated and we conclude that the 
lowest CO, values best represent the CO, concentrations of the 
originally trapped air of these depth intervals. In the larger 
samples (300 g) contamination is almost inevitable and the 
measured CO, concentrations tend to be higher than the air 
originally occluded in the ice. This is one reason for the high CO, 
values obtained during the climatic optimum given by Berner et 
al.' for the Camp Century core. 

The CO, concentrations measured on 22 samples spaced over 
11 cm from the 103-m depth, from North Central (Greenland), 
a colder location than Byrd Station and Camp Century, have a 
mean value of 271 p.p.m. The standard deviation of the 
measurements is only 9 p.p.m. This depth horizon corresponds 
to an age of ~680 yr. The gas enclosure occurs between 60 and 
80 m corresponding to an age interval of 350-500 yr. 

Figure 2 shows the CO, concentration variations measured on 
a 13-cm long ice core segment drilled in 1979 at Dye 3 (Green- 
land)—a location that is subject to frequent summer melt at the 
surface. Figure 2 thus shows the increased CO, concentrations 
that are usually associated with a melt feature, 

Cold ice which forms by diagenetic processes and sintering of 
cold dry snow contains samples of atmospheric air in the bub- 
bles. (This has also been shown for N;, O, and Ar (ref. 7).) The 
results of the samples from North Central show that reproduci- 
ble values are obtained for the CO, content using our improved 
extraction technique. 

Due to atmospheric mixing, the CO, concentration in the 
Northern and the Southern Hemispheres should not differ by 
more than a few p.p.m. (ref. 8). For corresponding times one 
would expect the same CO, concentration in the bubbles in very 
cold ice from Antarctica and Greenland. Indeed, the CO, results 
of Camp Century and Byrd Station agree qualitatively. In both 
cores the decrease of the CO, content corresponds to the 6'°O 
decrease which marks the transition from the Wisconsin to the 
Holocene. 

However, there are differences between the Byrd Station and 
the Camp Century values which exceed the analytical errors. 
The higher CO, values in the Camp Century core during the 
Holocene may be due to the influence of melt water during the 
ice formation. In fact many melt layers have been observed in 
the Camp Century core (C. Langway and H. Clausen, personal 
communication). If meltwater is involved during the ice forma- 
tion, the CO, concentration in the bubbles increases as shown by 
the results from the Dye 3 sample (Fig. 2). Although a detailed 
stratigraphical examination for the melt features was not made 
in the Byrd ice core the overall melt in this core is substantially 
less than recorded in the Camp Century core (C. Langway, 
personal communication). Therefore, for the Byrd core this 
effect should be negligible. At the end of last glaciation, when 
the CO, concentration was at a minimum, the Camp Century 
CO, concentration in the bubbles was slightly lower than those 
from the Byrd core. During this time the impurity content in the 
Camp Century core is an order of magnitude higher than in the 
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Fig. 1 CO, concentrations in the bubbles and total carbonate content of: a, the Camp Century core; b, the Byrd core. The CO, concentrations 
are presented with the lowest, highest and median values for each depth. The dashed lines indicate depths where drill fluid was observed in the 
large samples. All samples marked by a star were alkaline and acid was added during the wet extraction. 
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Holocene” and the melted ice samples are alkaline. At present, 
we cannot rule out the possibility that the alkaline ice matrix 
absorbs a minor fraction of the CO, in the bubbles. Such a 
mechanism would explain the slightly lower Camp Century 
values for this period. While the carbonate content is an order of 
magnitude higher in Camp Century ice at the end of last 
glaciation than during the Holocene (Fig. 1), it remains almost 
unchanged in the Byrd core. The qualitative agreement between 
the two CO, concentration time series rules out the possibility of 
large interaction between CO, in the bubbles and the carbonates 
in the ice. 

Note that the oldest samples in the Byrd Station and Camp 
Century cores (near the bottom of the ice sheets) again exhibit 
higher CO, values which are of the same magnitude as the 
Holocene values. 

A generalized estimate of the history of atmospheric CO, 
concentration is shown in Fig. 3. The age of the Camp Century 
ice was calculated according to the method of Hammer et al.. 
Several depth—age relationships for the Byrd core are given by 
Johnsen et al.*. We selected the time scale for Byrd Station, 
where the 5'°O decrease from the Holocene to the Glaciation 
coincides with the 5'"O decrease in the Camp Century core, that 
is, we assume the climatic events to be synchronous in both 
hemispheres. Due to the low data density and the uncertainties 
in the age calculations the estimate of the atmo- 
spheric CO, range in the oldest sections of the ice cores are more 
difficult to ascertain. 

The increase of the atmospheric CO, content at the transition 
from the Ice Age to the Holocene and its climatic implications 
has to be discussed with regard to the global carbon svstem. The 
temperature change of the sea surface water and the change of 
ocean volume at this transition accounts for only a 5% increase 
of atmospheric CO, concentration’. Both cannot explain the 
measured CO, increase of a factor 1.2-1.4 between the two time 
periods. The atmospheric CO, level depends on the carbonate 
chemistry of the surface ocean water, especially on the concen- 
tration of dissolved inorganic carbon (DIC) which in turn is 
controlled by biological productivity. Biological activity is 
limited by the amount of phosphorus available. Broecker links 
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Fig. 2 CO, concentration in the bubbles of a 13-cm piece at a 
depth of 124 m of the Dye 3 core (southern Greenland). 
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Fig. 3 Estimate range of atmospheric CO, during the past 
49,000 yr. 


the atmospheric CO, increase at the Glacial/Holocene tran- 
sition with a change in the phosphorus available'”. He considers 
the following sequence of events. At the transition a higher 
sedimentation rate of organic material decreases the amount of 
phosphorus in the seawater. This leads to less biological 
productivity and therefore the difference in DIC between sur- 
face water and deep water decreases. This leads to a higher 
concentration of DIC in the surface layer and a higher atmos- 
pheric CO, concentration. The difference in DIC concentration 
between surface water and deep water is accompanied by a 
difference in 6'°C of the DIC. Simultaneous 6'°C measurements 
on foraminifera living at the surface and at the sea floor do 
indicate a higher vertical §'°C gradient during the Glacial than 
during the Holocene, which agrees with Broecker’, theory. The 
measurements of 5'°C values in the CO, gas extracted from ice 
samples could help us to understand the mechanisms which lead 
to the atmospheric CO; variations during climatic change. 

Because CO, absorbs IR radiation, it is an important gas in 
the global radiation budget. Climatic models predict a global 
warming of between 1.5 and 4 °C for a doubling of CO, concen- 
tration in the atmosphere’. The relationship between the global 
temperature change and the CO, concentration change is 
approximately logarithmic’*. A change in the atmospheric CO, 
concentration of 30% would lead to a global warming of 0.9+ 
0.5°. It has been reported that the global warming at the Glacial 
to Holocene transition was at least 2.3 °C (ref. 15). It therefore 
seems that the CO, increase alone was not large enough to 
explain all this global warming. Considering part of the 
temperature increase is due to an albedo change by a diminished 
ice or snow covered surface, the increased CO; level in the 
atmosphere contributes significantly to the global warming at 
the transition from the last glaciation to the Holocene. In this 
context it would be interesting to know whether the CO, 
increase preceeded or followed the temperature change. Our 
data suggest that the time lag between the CO, increase and the 
climatic change cannot have been more than +2,000 yr. 

More accurate estimates of the atmospheric CO, history will 
be possible when samples from very cold locations, such as the 
South Pole, become available. 

We thank Drs C.C. Langway, B.L. Hansen, H. Clausen and 
Professor W. Dansgaard who envisaged the potential of ice 
cores for studies of this kind and made them available for the 
present investigation, also Dr U. Siegenthaler for valuable 
discussions. This work was supported by the Swiss NSF the 
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Steroid hydrocarbons and 
the thermal history of sediments 
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Assessment of the extents to which certain organic chemical 
reactions have occurred in sedimentary rocks with increasing 
burial depth and the associated temperature rise, can distinguish 
differences in the extent of their thermal maturation’. Heat- 
ing experiments with sediments have suggested that these 
different reaction types have different kinetic constants”. 
Therefore, a measurement of the extent to which one reaction 
type has occurred might be expected to correspond to different 
values of a measurement based on a different reaction type, 
depending, for example, on the average sedimentary heating 
rate (°C Myr™")’? of the sample. We use here two reaction types 
to investigate this hypothesis: (1) configurational isomerization 
in steroid alkanes, represented by the conversion of the bio- 
logically inherited configuration, 5a(H), 14a(H), 17a(H), 20R, 
in a C- sterane to an approximately equal mixture of itself and 
the corresponding 20S configuration formed in the sediment’; 
and (2) apparent aromatization of two C monoaromatic 
steroid hydrocarbons(Fig. 2) assumed to be isomeric at C-5 (refs 
14-21), based on retention time comparisons with synthesized 
C-27 analogues, to a presumed product, the Cz triaromatic 
steroid hydrocarbon”. Comparison of the extents to which 
these two reactions have occurred in suites of sediment samples 
has allowed three basins [Pannonian Basin (Pliocene), 
Mahakam Delta (Miocene), Paris Basin (Toarcian)] with 
different thermal histories to be distinguished. Extension of the 
hypothesis to two other sedimentary sequences suggests a higher 
average heating rate for the Oligocene of the Zhanhua Depres- 
sion (north-east China) than for the Cretaceous of the Wyoming 
Overthrust Belt. 

The thermal history of a sediment, that 1s, the temperature 
versus time profile since deposition, 1s important for estimating 
the time at which the sediment was capable of generating 
petroleum? A simple means of describing thermal history is the 
average heating rate, defined as the product of average sedi- 
mentation rate (km Myr“) and geothermal gradient 
(°C km‘)? Table 1 hsts the rates (based on present depth/age) 
for three sample suites (1) 12 Pliocene shales from a borehole in 
the Pannonian Basin ın south-east Hungary’*. (2) three shales 
and six coals from boreholes around the Handil oilfield of the 
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Mahakam Delta, Kalimantan, Indonesia’, and (3) 14 Toarcian 
shales sampled from outcrops and boreholes across the Paris 
Basin?” Although different types of organic matter occur ın the 
sequences”***, the present comparison ıs valid because the 
carbon skeletons of the products of the reactions are only 
formed by thermal maturation and not by biological processes. 
Where there has been a period of erosion [(2) and (3)] corres- 
ponding heating rate values are given 1n Table 1, which do not 
include the periods of erosion In either case there are major 
differences ın heating rates over the three sample suites 

All the samples contain complex mixtures of stereoisomers of 
steroid alkanes with both a non-rearranged and a rearranged 
carbon skeleton, covering a range of carbon numbers’ *”°, and 
can be partly separated by combined gas chromatography—mass 
spectrometry (GC-MS)°° The complexity of the mixture 
increases with increasing thermal maturation due to 1s0- 
merization at various chiral centres in skeletons® Using non- 
polar GC columns the ratio (%) of the unresolved mixture”® of 
the 24R and 24S isomers of (20S)-24-ethyl-5a(H), 14a@(H), 
17a@(H)-cholestane to itself and the corresponding 20R mixture 
can be measured from the appropriate peak areas in GC-MS 
fragmentograms of the ion m/z 217 (refs 5, 6) (Fig 1) The value 
of this measurement rises from zero ın very immature sediments 
to a maximum of ~50-55% ın mature sediments” É, that is the 
equilibrium constant ıs ~1, although ıt may vary slightly with 
temperature 

The samples also contain complex mixtures of monoaromatic 
and triaromatic steroid hydrocarbons The latter are thought to 
derive from the monoaromatics as a result of thermal matura- 
tion’ ** The ratio (%) of the Cz. triaromatic component ın Fig 2 
to itself and two presumed precursors, thought to be the 5a and 
58 (H) isomers of the Cz component in Fig 2, can be measured 
from mass fragmentograms of the ions m/z 231 and 253 
respectively’ The two C monoaromatic components are 
suggested to be the 5a and 58(H)1somers of the structure ın Fig 
2, the assignment being based on 400 MHz *H NMR analysis of 
a 1 1 mixture (GC analysis) of two stero1someric ring C 
monoaromatics isolated from acidic treatment?’ of cholesta- 
3,5-diene Comparison of chemical shifts with literature 
compounds’**? in conjunction with decoupling and n O e 
experiments indicates (1) ring C 1s aromatic (confirming the 
m/z 253 base peak ın the mass spectra’*), (2) there 1s a methy! 
group at C-17, consistent with the structures ın the triaromatic 
series’ ‘*1°, and at C-10, (3) the A/B ring junction 1s trans with 
the 108(CH;), Sa(H) stereochemistry, (4) the 1 1 mixture 
results from isomerism at C-17 or C-20, that the latter 1s the case 
1s suggested both by the structures and distribution of the 
low-molecular weight triaromatics® and by the method of pre- 
paration?” The two isomers coeluted (GC-MS) on OV-1 and 
Carbowax 20M with two major C-27 monoaromatics in the 
aromaiic fraction of Semécourt shale (Paris Basin, see Fig 3a) 
The other two major C-27 monoaromatics ın this fraction are 
inferred to be the 58(H), 20R and 20S isomers Comparison of 
elution orders of the C-27 and C-29 monoaromatic components 
suggesis that the two C-29 components used in the measure- 
ment are those ın Fig 2 [before completion of this work it came 
to our attention that certain monoaromatic hydrocarbons of this 
structural type had been assigned and found to occur in sedi- 
mentary rocks and petroleum (W K Seifert and J M 
Moldowan, personal communication). The above conclusions 
are also consistent with structual assignments reported 
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Fig. 1 Isomerization at C-20 of (24R +24S)-—(20R)-24-ethyl- 
5a(H), 14a(H), 17a(H)-cholestane with increasing thermal 
maturation 
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Fig. 2 Proposed aromatization of the 5a(H) and 58(H) isomers 

of (24R+24S)-(20R)-24-ethyl-178 -methyl-18-norcholesta-8, 

11,13-triene to (24R + 24S)-(20R)-24-ethyl-178-methyl-18,19- 

dinorcholesta-1,3,5(10),6,8,11,13-heptaene (numbering based on 
steroid skeleton) 


recently”°?*] Again the 24R and 24S isomers are not resolved 
on non-polar columns ın the conditions used The maximum 
value of the measurement ıs ~100% (ref 11), and values as low 
as zero can occur in immature sediments” 

Figure 3a shows the isomerization measurement plotted 
against the aromatization measurement for the three sample 
suites In the Paris Basin Toarcian shales, whose values and 
maximum burial depths have been reported previously’ °, there 
ıs a steady increase, with some scatter, in both measurements 
with increasing burial depth such that the presumed end points 
of both reactions are approached in the two deepest shales 
Heating an immature Toarcian shale at elevated temperatures in 
the laboratory resulted ın aromatization values approaching the 
deepest shales, whereas only minor changes were observed in 
the extent of isomerization at C-20 ın the steranes’’ It has been 
suggested that the rate of aromatization of the monoaromatic 
steroid hydrocarbons 1s more temperature dependent than the 
rate of isomerization of 5a(H), 14a@(H), 17a(H)-steranes at 
C-20 (ref 11) 

Although the two reactions seem to have simular average rates 
at the lower temperatures (<100 °C) experienced by the Toar- 
cian shales (Fig 3a), comparison with the laboratory experi- 
ments (201, 257°C) suggests that the aromatization reaction 
occurs at a faster relative rate at higher temperatures If the 
reactions follow pseudo first-order kinetics, then according to 
the Arrhenius equation, the rate constant for the aromatization 
of steroid hydrocarbons would appear to have higher values of 
activation energy and pre-exponential factor than the 1so- 
merization at C-20 ın 5a(H), 14a(H), 17a(H)-steranes 
(log.k =log. ko- E/RT, where k=reaction rate, ko=pre- 
exponential factor, E=activation energy, T =absolute 
temperature and R = gas constant) 

This hypothesis has been examined by comparing the extents 
of the two reactions ın the Toarcian shales with the sample suites 
from the Pannonian Basin and Mahakam Delta (Fig 3a) The 
Pliocene of the Pannonian Basin has average heating rates at 
least 20 times higher than the Paris Basin Toarcian shales (Table 
1) Details of aspects of the sedimentation and petroleum geo- 
chemistry of the Pannonian borehole have been reported else- 
where? The four shallowest samples (between 2,051 and 
2,500m) show a trend (Fig 3a) of enhanced aromatization 





relative to isomerization akin to that seen in the laboratory 
heating experiments’, the aromatization (more temperature 
dependent) reaction 1s effectively complete by sample 4 
(2,500m, ~105°C present temperature) At this depth the 
isomerization (less temperature dependent, and more time 
dependent) has reached a value of only 16% of the 20S isomer as 
a proportion of the Czy Se (H), 14a (H), 17a (H)-steranes (Fig 

3a) High values (~50-55%) in the curve are not reached until a 
further depth increase of ~800m (3,328m, sample 15, 137 °C) 

The coal and shale samples from the Mahakam Delta derive 
from boreholes around the Handil oilfield Detailed information 
about the geology and geochemustry ıs given elsewhere” ** The 
heating rate represents an intermediate situation between the 
Paris and Pannonian Basins (M Vandenbroucke, personal 
communication) The path followed by the Mahakam Delta 
samples seems to refiect this intermediacy, although the Der 
sample from the Paris Basin has similar values to Mahakam 
samples 3, 9 and 10 The apparently anomalous behaviour of 
Der (and perhaps Colombotte) may relate to the fact that the 
Paris Basin samples derive from a wide geographical area® and 
that Der (and Colombotte) may have experienced a period of 
higher sedimentation”? not apparent from a study of the present 
record of sedimentation”” 

Average sedimentary heating rates can only reflect the overall 
thermal history of a sequence It might be expected, however, 
that the molecular measurements could also reflect variation in 
the heating rate at a later stage If the heating rate declines 
markedly, or even 1f cooling occurs, the decrease ın the rate of 
the isomerization reaction (less temperature dependent) would 
be less than the decrease in the rate of the aromatization 
reaction (more temperature dependent) During such a period, a 
trend reflecting a high heating rate such as in the Pannoman 
Basin (Fig 3a) would be displaced towards the Paris Basin 
trend In the case of the Mahakam Delta suite, the samples have 
experienced heating rates of at least 30°C Myr™* (M Vanden- 
broucke, personal communication) during the late Miocene, 
which are much greater than the average values for the 
Pannonian Pliocene Since then, they declined such that they 
never exceeded 3°CMyr™ during the late Pliocene and 
subsequent cooling of the samples has occurred during the past 
3 Myr, because ~300m has been eroded from the sequence 
studied (M Vandenbroucke, personal communication). These 
events explain both the occurrence of samples of late Miocene 
age at the same depths as late Pliocene Pannonian samples, and 
the proximity of the Paris Basin and Mahakam Delta trends (Fig 
3a) which are not obvious from the heating rate differences 
(Table 1) 

Figure 3b includes the two measurements plotted for (1) six 
Cretaceous shales from the Wyoming Overthrust Belt’’, all but 
one are shallow (20-40m) core samples and derive from a 
sequence of increasing age within a single thrust slice Cal- 
culation of average heating rates 1s difficult because of the 
structural complexity of the area*’, (2) sıx Oligocene (Shaheyte) 
cored shale samples irom the Zhanhua Depression ın north-east 
China, of varying burial depth and location** Because the area 





Table 1 Average heating rates for sample sequences 


a 


Sequence Ref Age*(Myr) 
Pannonian Basin 16 Pliocene (5-7) 
Mahakam Deltal| 17 Miocene (12-14) 
Paris Basin 6, 9, 25 Toarcian (180) 
Overthrust Belt 13 Cretaceous (80-130) 
Zhanhua Depression 32 Oligocene (25—40) 


Average Average 
Geothermal gradient sedimentation rate heating ratet 
(°C km’) (m Myr *)t (°C Myr’) 

38 360-420 14-16 

34 160-200 (250-290)§ 6-8 (8 5-10)§ 

33 0-15 (5-15)§ 0-0 5 (0 2-0 5)§ 

NK NK - 

36 NK - 


=‘ SSS en ene eee ae 


NK, not known 


* Age of samples for which changes 1n one or both of the two molecular measurements are seen 


t Depth/age 

+ Assuming constant geothermal gradient 

§ Excluding erosion phases 

ÌM Vandenbroucke, personal communication Data for Handil field 
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Fig.3 Plots of the extent 

of isomerization at C-20 O04 a 
in Cz% steranes (Fig 1) 
against the extent of 
aromatization of Czy 
monoaromatic to Cog tri- 
aromatic steroid hydro- 
carbons (Fig 2) for a, 
(maximum burial depths 
in brackets, where avail- 
able) Toarcian shales of 
the Paris Basin (®) where 
S, Semécourt (700m), J, 
Jouy (700m, G62, G6-2-2 
(600m), G65, G6-5-6 
(600m), Cl, Colombotte 
(500m), Cr Creveney 
(500m), D, Der (1,280m), 
Cs, Cesarville (2,040m), 
Cp, Coupvray (2,100m), 
G, Grandville (2,100m), 
N, Nangis (2,130m), B, 
Belou (2,207m), M, 
Montmuirail (2,433m), Cg, 
Courgivaux (2,460m) 
Miocene coals (@) and 
shales (O) from the 
Mahakam Delta (Handil 
field except 3,4,5) where 7 
(2,285m), 8 (2,283m), 9 
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(2,538m), 10 (2,537m), 11 (2,903m), 12 (2,905m) For samples 3, 4, 5 only Tmax values’” are available and are 430, 440 and 448 °C respectively 
(M Vandenbroucke, personal communication) Pliocene shales and siltstones from a borehole ın the Pannonian Basin (@) where 1 (2,051m), 2 
(2,291m), 3 (2,386m), 4 (2,500m), 7 (2,702m), 8 (2,759m), 10 (2,953m), 12 (3,098m), 15 (3,328m), 19 (3,548m), 27 (4,269m), 32 (4,888m) b, 
(Present depths) Cretaceous shales (O) from Wyoming Overthrust Belt (all shallow core samples (20-40m) except 334, present depth 2,760m) 

Oligocene (Shahejie) shales from the Zhanyua Depression (@), present burial depths ın brackets), Ken 37 (1,850-1,860m), YI 51 (2,339m), YI 
21 (2,758m), YI 32 (2,899m), LO 14 (2,978m) The isomerization for LO 14 ıs an average of the C2) measurement and the corresponding 
measurement for the C27 skeleton, because there ıs a reworked component in the steranes with a very high relative abundance of C29 steranes? 


which was sampled has been affected by faults active till the 
Quaternary, and the samples are from separate boreholes of 
different location separated by up to 15 km, they presumably 
have some differences 1n their average heating rates, the range of 
which 1s difficult to estimate Although the sample coverage 1s 
less extensive than ın the other sequences (Fig 3a), measure- 
ments suggest that the Overthrust Belt shales (Fig 35) have a 
similar average heating rate to the Paris Basin samples (Fig 3a), 
whereas the Zhanhua Depression shales seem to have had a 
recent heating experience of a similar order to that which has 
affected the shallow Pannonian Pliocene samples Such obser- 
vations are consistent with available geological information for 
the two areas” ?? 

Comparison of proposed maximum temperatures for the 
Pannonian?’ and Paris*? ** Basins provides further evidence that 
the aromatization has the greater temperature dependence For 
a given aromatization value the maximum temperature 
difference in samples from the two basins ıs of the order of 10 °C, 
whereas for a piven isomerization value differences of up to 
60°C are apparent 

Confirmation and extension of the hypothesis requires (1) 
determination of the appropriate activation energies and pre- 
exponential factors, both from laboratory heating experiments™* 
(with consideration of the difficulties involved**) and from 
integration with mathematical models for the evolution of 
sedimentary basins*°?’, which include temporal variations in 
sedimentation rate and heat flux Preliminary studies of the 
latter type, using estimated kinetic constants for the reactions, 
suggest that the trends (Fig 3) follow S-shaped curves (A S M 
amd D P McKenzie, unpublished results) (2) An examination 
of the effect which extreme differences in lithology could have 
on the measurements In the present study, all the samples are 
shales or silt-stones except for the six coal samples from the 
Mahakam Delta ın which little significant variation was obser- 
ved between the coals and shales from comparable depths (Fig 
3a) (3) Asearch for other measurements which might preserve 
arecord of earlier high heating rate events, although subsequent 


lower heating rates and/or cooling result in a trend which 
suggests an overall low average heating rate (see Mahakam) 

Care should be taken with the measurements the mixtures 
are complex and overlap with other components can occur 
Attention should be paid to peak shapes ın various diagnostic 
fragmentograms, to examination of full mass spectra when 
required, and to the potential presence of migrated components 

This approach has not been extended to a study of crude ols, 
where migration and subsequent thermal effects in the reservoir 
(as opposed to those in the source rock) could affect the 
measurements Preliminary studies’? **** suggest that the 
configuration at C-20 1s not altered significantly by either 
process, although the proportion of triaromatic to monoaroma- 
tic steroid hydrocarbons can decrease in certain cases with 
increasing distance of secondary migration (unpublished results 
on Mahakam Delta oils) 

If the hypothesis 1s correct there are other implications For 
example, there ıs no reason why variation ın the reflectance of 
vitrinite, commonly used to determine the onset of petroleum 
generation in sediments, should follow the same kinetic 
behaviour as the petroleum generation process Reflectance 
values are different for the threshold of petroleum generation 
from different types of organic matter*”, but the hypothesis 
suggests that there may also be differences within a single type of 
organic matter, depending on heating rate differences 

We thank the following for providing samples, geological 
information and/or GC-MS measurements (recorded 1n this 
laboratory in similar conditions and ın identical conditions 
within each suite) Drs B Durand and M. Vandenbroucke (Paris 
Basin), Drs J M Moldowan and W K Seifert (Overthrust belt), 
DrJ Gudin (Mahakam Delta), Dr Cs Saygo (Pannonian Basin), 
and Dr Shi Ji-yang (Zhanua Depression) We also thank the 
NERC (GR3/2951 and GR3/3758) for GC-MS facilities and 
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The isotopic composition of Sr and Nd in oceanic basalts reflects 
the character and chemical evolution of their source regions with 
respect to Rb/Sr and Sm/Nd. Combined studies of the Sr, Nd 
and Pb isotopic systems in mid-oceanic ridge basalts (MORB)*” 
have confirmed previously recognized heterogeneities on a 
relatively large scale for the oceanic mantle. These hetero- 
geneities have been ascribed to both long- and short-lived 
mantle processes and to mixing between enriched and depleted 
mantle sources (for example, see refs 1-4). However, data for 
the mid-Atlantic ridge (MAR) remote from known hot spots are 
available for only 14 samples of which only 3 are basaltic glass, 
the most ‘reliable’ sample type. Thus, attempts to explain 
MORB mantle heterogeneities are founded on limited data and 
remain largely speculative. The extent of variation in isotopic 





composition of ‘normal MORB?’ over a limited area of the MAR 
is critical to any isotopic model for the oceanic mantle. Using 
high resolution seafloor mapping and sampling techniques, we 
can evaluate isotopic composition on a fine scale both within a 
ridge segment and across the fracture zones terminating that 
segment. We report here studies of a series of basaltic glass 
samples from the MAR intersection with the Kane Fracture 
Zone located at 22°-24° N (Fig. 1) which have implications for 
the dynamics of mantle melt segregation and the role of 2 major 
transform in mantle convection. 

The Kane Fracture Zone 1s particularly interesting as it 1s one 
of the few areas of the MAR where the basalts are interpreted to 
represent ‘normal MORB’ and for which geochemical data 
indicate a relatively simple history of fractional crystallization 
and partial melting’ The basalts of the Kane Fracture Zone do 
not display geochemical complications such as crossing rare- 
earth element patterns and complex mixing relationships that 
have been identified for the MAR axis north of 30° N (refs 6, 7) 
In addition, phase relations and geochemical models” indicate 
that, ın many cases, the magma batches that erupted ın the 
22°-24° N region have evolved independently, and mixed only 
over a limited geographical area This minimizes the likelihood 
that large magma chambers or extensive melt segregation and 
mixing in the upper mantle have homogenized the isotopic 
systems, and this ın turn, enhances the possibility of exposing 
and resolving fine-scale mantle heterogeneity 

All analyses were performed on glass samples to minimize the 
problem of seawater contamination After separation by hand 
picking, the glasses were washed in acetone and leached ın 
6 2 HCl Sr and Nd were isolated by 10n exchange following the 
techniques of Hart and Brooks® and Richard et al ° respectively 
All samples were analysed on a modified, automated NBS 
12-inch mass spectrometer at the Université de Montréal Nd 
and Sm were analysed on a double Ta—Re filament arrangement, 
whilst all other elements were run on a single Ta filament The 
data for the glass samples plus Sm, Nd and ““3Nd/*“*Nd data for 
the rock standard BCR-1 and Nd oxide JMC-321 are given in 
Table 1 The sample identification conforms to the usual Woods 
Hole Oceanographic Institution’s designation where G104-25- 
1 indicates sample number 1 from station 25 of RV Gilles Cruise 
104 

When all the data from 22°-24° are considered, the composi- 
tions fall at the low *’Sr/*°Sr and high ‘“?Nd/‘“4Nd end of the 
Sr-Nd correlation’ ?™" and extend the range for oceanic basalts 
to the most depleted values yet reported from the sea floor 
Figure 2 shows that the fracture zone clearly marks a barrier to 
isotopic domains The compositions of the samples from the 
ridge axis and from the fracture zone walls from the northern 
section are isotopically distinct from those of the southern 
section. The range in variation in “?Nd/*“*Nd isotopic 
composition exceeds that of ®’Sr/*°Sr, resulting in a vertical 
distribution across the oceanic trend simular to that observed for 
Iceland” and for the Marianas??? 

The abundances of the most lithophile elements show 
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Fig. 1 Sample location map for the Kane Fracture Zone 
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Fig. 2 “?Nd/'*Sr and ®7Sr/*°Sr data for the Kane Fracture 
Zone basalt glasses (open symbols, southern intersection, solid 
symbols, northern intersection) 


considerable variation both within a ridge section and between 
the northern and southern sections K/Rb varies from 1,250 to 
1,820 in the southern ridge section relative to a variation of 
680-760 1n the northern section, whilst K/Ba values are of the 
order of 165 and 65 respectively Both K/Rb and K/Ba exhibit 
an inverse correlation with ®’Sr/*°Sr Although there 1s some 
overlap between the northern and southern sections, the 
samples define a positive correlation on the Rb/Sr isochron 
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diagram (Fig 3a) which if interpreted as an age corresponds to 
805 Myr (with an *’Sr/*°Sr R,=0 70205). In contrast, the 
samples have similar Sm/Nd ın both data sets with the exception 
of sample G104-2-1 which has a higher ratio This sample and 
others from this site are anomalous in having high Sr abundance 
relative to those samples from the northern section (Fig 3c) 

The most significant geochemical property of the glass 
samples 1s their extreme trace element depletion ın the southern 
section (as manifest in K/Rb, K/Ba and Rb/Sr ratios), and the 
correlation of that depletion with isotopic depletion Possible 
mechanisms by which these data can be explained include (1) 
long-lived mantle heterogeneity developed during the evolution 
of the sub-oceanic mantle, (2) a recent mixing event involving an 
enriched component added to and mixed incompletely with the 
oceanic mantle (such as a plume source and lateral transfer away 
from the plume), (3) transfer of volatile elements from the lower 
to the upper mantle 

The geographical constraints, in which the samples from the 
northern section are enriched relative to those from the south- 
ern section are fundamental ın appraising these models For 
instance, we see no plausible mechanism by which a superficial 
(lithospheric) structure such as a transform fault could control 
the observed distribution ın isotopic ratios that would arise 
during voltaile transfer of variably enriched fluids from the 
lower to the upper mantle Such geographical control requires 
either a lateral transfer of relatively enriched material ın the 
upper mantle, or mantle heterogeneity developed before or 
during the initial opening of the Atlantic Ocean The fracture 
zone 1s thus controlling or 1s controlled by the heterogeneity 

Two lines of isotopic evidence can be used to support a mixing 
model First, samples from the northern section are more 
radiogenic than those from the southern section and may thus 
represent mixing of enriched and depleted material along a N-S 
axis Second, there are correlations defined by the samples from 
the soutkern section (Fig 3c, d), which on first examination 
could be interpreted as mixing lines Bryan et al’ cite trace 
element data that support magma mixing over limited regions 
for the southern section However, data such as K/Rb, which 
confirm the more enriched character of the mantle ın the 
northern section, are inconsistent with a simple mixing model 
For instance, K/Rb for site 20 is higher than that in the more 
depleted samples of site 17 When the 1/Sr and 1/Nd diagrams 





Table 1 Isotopic and trace element analysis (p p m ) of basaltic glasses \ 
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' are compared they reveal similar inconsistencies For example, 
one of the end members of the southern section on the 1/Sr 
diagram plots between the end members on the 1/Nd diagram 
Although there 1s no positive confirmation of mixing based on 
the isotopic data, we cannot discount the possibility that on a 
small scale (that ıs between adjacent sites or within a single site, 
see ref 5) mixing may have occurred 

The 1sochron diagrams (Fig 3a, b) reveal that whilst the 
samples define a ‘reasonable’ age on the Rb/Sr isochron plot, 
they define ages older than Earth on the Sm/Nd diagram This 
decoupling of parent-daughter isotopes ın the Sm/Nd system 1s 
interpreted to be a result of recent petrogenetic processes 
involving garnet and clinopyroxene’* Despite these comphi- 
cations, which, for example, result ın a vertical distribution on 
the Sm/Nd isochron plot, we distinguish three subsets on the 
Sr/Nd correlation diagram (Fig 2) and the Rb/Sr isochron 
diagram (site 25, sites 1, 2, 8, 35 and sites 17, 18, 20) These 
subsets may reflect heterogeneities that developed during either 
a single event’? or an extended period of mantle differen- 
tiation! However, the correlation of these subsets on the 
Rb/Sr tsochron diagram implies that, even on a small scale, the 
mantle has remained heterogeneous over a considerable period 

Trace element data for the MAR between the Kane Fracture 
Zone and 37° N (ref 17) indicate that major transforms such as 
the Hayes Fracture Zone delineate mantle regimes No isotopic 
data are available for the MAR between the Kane Fracture 
Zone and the FAMOUS region (36° N) and we cannot evaluate 
isotopic heterogeneity across the Hayes transform However, 
due to the lack of simple mixing relationships between the 
northern and southern sections of the MAR at the Kane Frac- 
ture Zone we speculate that, ın some cases, a transform may act 
as a barrier to different mantle domains Support for this model 
comes from *®’Sr/*°Sr data for the Gibbs Fracture Zone‘ for 
which the values vary from ~0 70285 in the northern section 
(60°-53° N) to 0 70225 in the southern section (53°-49° N) 
Furthermore, White and Schilling’ indicate a sharp increase ın 
*7Sr/®*Sr initial in the region 49°~43°N which supports our 
contention that lateral flow away from an enriched mantle 
source 1s limited geographically Thus it seems that individual 
ridge segments bounded by transforms, could sample isolated 
mantle domains 

The recognition of mantle heterogeneity over a limited region 
of the MAR characterized by ‘normal MORB’ places con- 
straints on the scale of the heterogeneities and the extent of melt 
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Fig.3 a, Rb-Sr isocron diagram, b, 
1/Sr Sm-Nd isochron diagram, c, 
8’cr/®°Sr against 1/Sr, and d, 
“°Nd/"""Nd against 1/Nd, for the 
Kane Fracture Zone basalt glasses 


segregation in a convecting mantle Allègre et al 1f recognized 


that the oceanic mantle 1s heterogeneous on the mineralogical 
scale and Zindler et al *® identified long-lived mantle hetero- 
geneity on a kilometre scale Our data reveal that the mantle 
source for MAR 1s heterogeneous on a scale of tens of 
kilometres Magma batches of a similar major and trace element 
geochemistry may thus be characterized by significantly 
different isotopic ratios. However, our data and other published 
data™ suggest that this mantle source 1s heterogeneous on the 
scale of tens to hundreds of kilometres, and that portions of the 
MAR are sampling long-lived heterogeneities that predate or 
coincide with the opening of the Atlantic Ocean Evidence from 
the Kane Fracture Zone and other Atlantic Ocean fracture 
zones indicate that these domains may be segmented by major 
transforms 

The existence of isotopic heterogeneities ın oceanic basalt 
glasses from adjacent sites implies that large scale magma 
chambers and regions of melt segregation do not exist in the 
upper mantle below the Kane Fracture Zone We envisage that 
melting, ın a convecting upper mantle, results in the separation 
of liquid from discrete pods and hence basalts from adjacent 
sites may display totally different pre-eruptive histories 

We thank S Hart and A Zindler who helped NM ın the 
French to English to French translation of the Paris Sm/Nd 
technique, and also to C Gariépy for helpful discussions This 
work was supported by NSERC of Canada, grants A6096 to J L 
and A5581 to CB and NSF, grants OCE 77-09195 and OCE 
77-26842 to G T 
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Metamorphism in deep continental crust is often accompanied 
by carbon-rich, H,O-poor fluids’, and is characterized by the 
development of granulite facies mineral assemblages*~. 
Graphite, a minor phase in many high-grade metamorphic 
rocks®”, has also been recognized in recent xenoliths of deep 
crustal material’, demonstrating its presence in modern deep 
continental crust. Although graphite is most common in biotite 
schists, it has also been recorded in pyroxene gneisses, two 
feldspar-quartz pegmatites, marbles and quartzo-feldspathic 
gneisses", The presence of supracrustal sequences in 
granulite facies regions” ” suggests that the latter developed 
through progressive metamorphism and dehydration of shallow 
level crustal material. Much of this material must have 
experienced a metamorphic recrystallization in the amphibolite 
facies, accompanied by the development of hornblende. 
Although graphite in the high-grade rock may develop from 
oxidation of organic material, this may not be the most common 
means for graphite genesis. In much of West Greenland‘ and in 
southern Norway”? the low-grade, hornblende-bearing material 
does not contain significant quantities of organic compounds, 
although graphite is found in higher-grade metamorphic 
equivalents. This strongly suggests that introducing CO, into 
deep crustal material leads to fluid evolution and graphite 
formation. I outline here the evolution of fluid composition in 
the C-O-H system which is in equilibrium with common crustal 
mineral assemblages. Thermodynamic data for CO,-H,O mix- 
tures?’ and mineral components” are used to model the chem- 
ical changes in fluid composition which accompany introduction 
of CO, into various types of rock. The results demonstrate that 
graphite genesis is a direct consequence of deep crustal 
metamorphism in the presence of a CO,-rich fluid phase. In 
addition, the calculations demonstrate that the deep continental 
crust will not be a reservoir for large volumes of methane-rich 
gas. 

Although the behaviour of fluids in deep continental crust 1s 
unknown, fluid inclusion studies imply that carbon-rich fluids 
may migrate through the crust over large distances (tens of 
kilometres)* Here it 1s assumed that the fluid migration 1s 
accompanied by mixing of introduced CO, with m situ H20 
Continuous addition (flow) of CO, ultimately removes H2O 
from the deep crust Thus, H2O and CO, only mix along a 
migrating front of CO.-rich fluid Below I examine fluid and 
mineral behaviour as this front migrates through biotite- 
magnetite—potassium feldspar (BMK) rocks 

Rocks at deep crustal levels experience temperatures 
>600°C and pressures >7 kbar In such conditions rocks are 
unlikely to possess any significant intrinsic pore space 
Consequently, introduced or im situ fluids create pore space 
sufficient for their volume Thus, fluid pressures are considered 
equal to lithostatic pressures, and no volume constraints are 
placed on the fluid 

Thermodynamic properties of CO,—H,O mixtures were cal- 
culated from a modified Redlich-Kwong equation of state 
(MRK)? For the pure gases the derived fugacity coefficients are 
similar to those derived by Flowers”’, but differ substantially 
from those presented by Ryzhenko and Volkov”? H2, O2, CO 
and CH, fugacity coefficients were obtained from ref 23 

Calculations were carried out to determine ın what fluid 
compositions the BMK assemblage would be stable These 
compositions were then compared with those for which graphite 
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is stable This comparison determines whether graphite forma- 
tion could result as a C-O-H fiuid evolves ın the presence of 
BMK 

The BMK assemblage was considered because it 1s common 
in granulite facies rocks This assemblage defines hydrogen 
fugacity (fm) through the equilibrium 


KFe;AIS1,0;.(OH). = Fe,0, + KAIS1,08 + H3 (1) 


Annite Magnetite K-spar 


The equilibrium constant for equation (1) (Kı), derived from the 
thermodynamic data and SUPCRT computer program of 
Helgeson et al’, yields 


bi 


log fu, = log (=) ~21 68+8 176 log (T°C) (2) 


mag K-spar 


where a! 1s the activity of ı ın phase ; (bi, biotite, ann, annite, sp, 
spinel, mag, magnetite, K-spar, potassium feldspar, feld, alkalı 
feldspar) 

Equation (2) was derived by fitting a logarithmic function to 
log k, values which had been calculated at specified pressures 
and temperatures along chosen geothermal gradients The small 
volume change of equation (1) at pressures >5 kbar and 
temperatures >500 °C (AV, <0 88 cm?) means that no pressure 
terms are needed ın equation (2) 

Solution of 


Hz + 302 = H,O (3) 


-log Jo 





700 
Temperature (°C) 


Fig. 1 Log fo, plotted against T for the BMK assemblage at 
geothermal gradients of 70 °C kbar + and 100°C kbar * Note the 
small pressure effect implicit ın the curve location The solid curves 
represent the case where Xy,9=10 and X b =10 The 
graphite-oxygen-carbon dioxide buffer curve ts shown for 
reference (100 °C kbar™’, P;=Pco,) The ruled region shows the 
CH,-dominated portion of the plane where P= 
Pco.+ Prot Poot Put Port Pens 
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allows calculation of fo, 1n a BMK assemblage at a specified P, T 
(degrees kelvin) and _X};,0 Solving log k; for log fo,, and substi- 
tuting equation (2) for log fu, results in 


log fo, = 2| log (Xmo' Ymo P:i) +21 20-8 176 log (T —273) 


ar 12,510 
= ——— ] -—— +0 979 log (T | 4 
(iog eee aa) TK eB) 4) 


Xo 18 the mole fraction of H20 ım the fluid phase, Ymo 18 the 
H,O fugacity coefficient and P;1s the fluid pressure Equation (4) 
allows fo, to be calculated ın the presence of a fluid of variable 
composition which 1s dominated by H20 and CO, 


C+0,=CO, (5) 


allows calculation of fo, 1n the presence of graphite at a specified 
Xco, Comparison of fo, values derived from equations (4) and 
(5), as a function of X}y,0, provides a basis for outlining fluid 
evolution, graphite genesis and phase composition changes ın 
the BMK assemblage 

All calculations were carried out along geothermal gradients 
For comparison the results for the 100°C kbar™* and 
70°C kbar~ geotherms are presented. 

In the log fo, — T* plane, equation (1) exhibits a positive slope 
similar to that of other oxygen buffers (Fig 1) (Note that T* 


900°C, 9 kbar 


800°C, 8 kbar 


Graphite 


700°C, 7 kbar 


600°C, 6 kbar 


ł 
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70°C kbar- A 


500°C, 5 kbar 
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Fig. 2 Projection of BMK-fiuid and graphite—fluid surfaces onto 
the log fo./Xiz20 plane, from log fo,-Xy,0-7T* space The solid 
lines labelled in P and T are contours on the two surfaces 
(100 °C kbar *), the intersection of the surfaces being represented 
by the solid line which cuts the contours at a high angle The 
intersection at a geothermal gradient of 70 °C kbar * ıs shown by 
the labelled dashed line These contours and intersection are drawn 
for the case where X°!,, =1 0 and assumes Ayo + Xco,=10 
The effect of lowered iron concentration ın the mica ıs shown by the 
dotted line, which represents the contour for 700°C, 7 kbar, 
Xa =03 Metamorphic pathways (I) (open arrows) and (ID) 
(solid arrows) are discussed ın the text 
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represents specified pressure as well as temperature since all 
calculations are carried out along defined geothermal gradients.) 
However, the BMK assemblage ts not an oxygen buffer because 
the solid and fluid phases are solutions, the location of the curve 
in the plane 1s specified only because the geothermal gradient 
and phase compositions are specified 

In log fo,-Xy,0-1 * space, two surfaces can be drawn which 
represent the temperature-dependent, equilibrium fluid 
compositions for equations (1) and (5) Figure 2 shows these 
surfaces projected on to the log fo,-Xu,0 plane, and contoured 
for T* In this projection, the isothermic contours for the BMK 
surface trend to lower log fo, values as Xm,o decreases In 
contrast, the isothermic contours for the surface for equation (5) 
are at high log fo, values at low Xy,0, and trend to low log fo, 
values at high Xy;,o Because of the contrast ın curvature, these 
fluid composition surfaces intersect to form a low log fo, trough 
in the log fo,-Xy,0-I"™ space, which 1s represented in Fig 2 by 
the steeply sloping line To the right of the intersection, the 
contoured surface represents the fluid composition in equilt- 
brium with BMK assemblages lacking graphite, to the left of the 
intersection the surface represents the fluid composition in 
equilibrium with graphite-magnetite~potassium feldspar The 
assemblage annite-magnetite-graphite—potassium feldspar can 
occur only along the intersection 

Additional components ın the biotite will diminish annite 
activity and the BMK surface (Fig 2) to higher log fo, values, 
and will displace the intersection to lower Xo values For an 
Xann = 0 3, intersection of the surfaces occurs at Xmo of <0 1, at 
700 °C, where Xann was computed assuming a2, = ( X} )°, after 
Wones™“ Addition of other components to magnetite and 
potassium feldspar shifts the BMK surface such that the inter- 
section occurs at higher Xio 

Two metamorphic pathways are possible ın BMK-bearing 
deep crustal rocks into which CO, 1s being introduced In the 
treatment below it 1s assumed that a geothermal gradient of 
100 °C kbar is present. 

In case (I), CO, introduction takes place in isothermal and 
isobaric conditions If the mica ıs pure annite, the log fo,—Xi1,0 
pathway will be that indicated by the open arrows ın Fig 2 As 
CO, 1s added to the system the modal abundance of mica will 
decrease, as will the oxygen fugacity, until the intersection 
trough 1s attained At this point, graphite will precipitate from 
the fluid and annite will continue to react out until it has been 
eliminated from the assemblage. Once annite ıs removed, 
migration of the fluid composition along the isotherm will 
resume, increasing log fo, and Xco, until all HO 1s removed 
from the fluid 

Case (I) will be complicated if the mica ıs a mixed annite— 
phlogopite phase. then the mica composition and its modal 
abundance become critical equilibrium parameters As CO, 1s 
added to the fluid the annite component in the mica reacts 
through equation (1), thus decreasing the activity of annite ın the 
mica Asa result, the log fo,-Xi,0 pathway may differ substan- 
tially from the pure annite case as the BMK isotherms migrate to 
higher log fo, values as the activity of annite in the mica drops 
(Fig 2) Ifthe number of moles of annite per unit volume 1s small 
relative to the number of moles of CO, introduced at a given 
Xco» the intersection of the two surfaces will rapidly migrate to 
very low Xy,0 values In such conditions, graphite will probably 
not precipitate as the annite component will be removed from 
the mica before the fluid composition reaches the intersection 
trough Such a system will have a phlogopite-rich mica coexis- 
ting with a CO2-rich fluid phase If the number of moles of annite 
per unit volume 1s large relative to the number of introduced 
moles of CO, (a situation likely to occur when the pore volume 1s 
low), fluid evolution will approach that for the pure Fe-system 
where fluid migration can be traced along isotherms fixed in the 
log fo.-Ximzo plane Such a system will necessarily produce 
graphite coexisting with an Fe—-Mg biotite 

Metamorphic pathway (II) considers the case in which CO, 1s 
introduced during increasing P and T This case, for the pure 
Fe-system, is depicted by the dashed, solid-arrowed pathway in 
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Fig. 3 Fluid evolution along metamorphic pathways (1) (iso- 
thermal, solid line) and (1]} (polythermal, dashed line). Only HO, 
CO, and CH, are shown. O, can be deduced from Fig. 2; CO is 
shightly more abundant than CH,, H, slightly less abundant than 
CH, along both pathways. The vertical dash-dot lines mark the 
point of graphite precipitation from the fluid phase. Both pathways 
are calculated along the 100°C kbar’ geotherm, and are 
represented in Fig. 2. 


Fig. 2. For a mixed Fe~Mg biotite the pathway would be much 
steeper than that depicted, as annite would be progressively 
removed from mica and the BMK surface would migrate to 
higher log fo, values. Whether or not graphite is produced in the 
Fe-Mg system would again depend on the relative volumes of 
annite and introduced CO-. 

A comparison of the fluid species fugacities for these two 
metamorphic pathways (Fig. 3) demonstrates that in both cases 
a very rapid rise in foo, occurs Over an Xino range of 1.0-0.90. 
Methane, in both cases, also shows a significant rise, but it never 
becomes a dominant fluid species. However, the behaviour of 
H,0 and O, are dramatically different for the two cases. In case 
(I) both these fluid species exhibit a small but significant 
decrease in fugacity values before graphite precipitation. In case 
(ID, however, both fluid species significantly increase their 
fugacity values as CO, introduction proceeds. In case (I), the 
H:O behaviour will lead to progressive dessication of the 
enclosing rock as dehydration reactions occur in response to the 
lowering of fmo. In case (H), increasing fo, may result in 
noticeable oxidation of the mineral assemblage. Solid-phase 
compositions will change in response to this increase in fo, 
through continuous reactions. The exact nature of the phase 
composition changes will be a function of the appropriate 
exchange equilibria at P and T, and can be evaluated from the 
log K expressions for the equilibria. 

The BMK-graphite assemblage is not a fluid buffer because 
biotite composition changes in response to changes in fluid 
composition. Nevertheless, the assemblage forces fluid 
composition to lie along the C~-CO,—O, surface, placing severe 
constraints on fluid abundances, at P and T. If mineral composi- 
tions are known, fluid species abundances can be precisely 
determined. In typical deep crustal conditions (700 °C, 7 kbar), 
the maximum possible Xo is 0.46 for the pure Fe system, 
although typical mineral compositions (for example, Xia <0.3, 
akar > 0.7, aBa > 0.7) allow a maximum Xn,o of 0.15. Log fo, 
values are tightly constrained as they must fall on the C-CO,-O, 
surface which exhibits little variation in log fo, at a specified P 
and T. If either biotite or graphite is missing from an assemblage, 
fluid composition cannot be quantitatively determined. 
However, the possible fo, and Xo values can be restricted to 
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specific ranges, at P and T and specified mineral compositions, 
because these values must lie along the appropriate isotherm on 
either the C-CO,-O, surface (biotite absent) or on the BMK 
surface (graphite absent). 

None of the explanations proposed for the genesis of abiotic 
graphite for a wide range of occurrences®***' provides a means 
to develop graphite as a direct consequence of deep crustal. 
metamorphism. The process outlined here, however, demon- 
strates that graphite will commonly develop in deep crustal 
settings as a result of CO, addition to mineral assemblages in 
which one of the O-H system fluid species fugacities is 
mineralogically controlled. 

Biotic and abiotic graphite can be distinguished unam- 
biguously by field criteria. In a terrain which has experienced a 
regional metamorphic event the presence of graphite in high- 
grade rocks, and the absence of carbon-bearing phases in lower- 
grade equivalents, for example, in southern Norway”, is 
unequivocal evidence for an abiotic origin for the graphite. 

The fluid evolution to be expected in such a setting (Fig. 3) is 
characterized by a very rapid rise in fco, Methane exhibits an 
increase in abundance, but never becomes a dominant fluid 
species, in the conditions examined here. Such considerations 
disprove suggestions**** that intermediate or deep-level 
continental crust may act as large reservoirs for methane-rich 
gases. 

Although the fluid evolution outlined here relied on ‘the 
features of only the BMK assemblage, similar observations can 
be expected from any mineral assemblage which specifies 
fugacity of a fluid species in the O-H system. Thus; most 
assemblages containing hydroxyl-bearing minerals and oxides 
will lead to graphite genesis, provided that the stability limits for 
these minerals are not exceeded at the Xj, values compatible 
with graphite. The particular phase compositions which will be 
stable with graphite will depend on the geothermal gradient and 
the moda! abundance of the solid phases, as well as on the total 
fluid volume affecting the rock. 

The research reported here was supported by NSF grant 
DPP-7823305, while I was on leave at the University of Cali- 
fornia, Berkeley. I thank David Bridgwater, Richard Sack, Kai 
Sørensen and John K. Winter for helpful discussions, and R. 
Sack, J. R. Holloway and V. J. Wall for helpful comments and 
reviews. 
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New hominoid skull 
material from the Miocene of Pakistan 
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Neogene hominoid cranial material is regrettably scarce, 
especially from the middle and late Miocene. Between the 
18-Myr-old virtually complete early Miocene Proconsul afri- 
canus skull from Rusinga’ and the 3-4-Myr-old Hadar 
hominoid cranial material’, the only significant large (non- 
hylobatid) hominoid facial or cranial specimens are those from 
the late Miocene Salonika in Greece*, Yassiéren in Turkey’, 
Lufeng in China*, the possibly middle Miocene site of Moroto in 
Uganda‘ and the new facial-mandibular piece from late Mio- 
cene deposits in Pakistan reported here. The specimen is a 
Sivapithecus indicus’ adult, probably male, and consists of most 
of the left side of the face including a small portion of the frontal 
bone, the zygomatic arch and temporo-mandibular joint, the 
maxilla, a virtually entire mandible and the complete dentition. 
The fossil, catalogued as GSP 15000, is the property of the 
Government of Pakistan and is at present on loan for study at 
Harvard University. 

The face was found during the 1979-80 field season of the 
Geological Survey of Pakistan—Harvard (then Yale) Peabody 
Museum Siwalik (GSP-HPM) research project on the Neogene 
of the Potwar Plateau of Pakistan (co-directed by Dr S. M. 
Ibrahim Shah and myself). The fossil was discovered by Mark 
Solomon and Dr John Barry and prepared at Yale by Horace 
French and Rizwana Raza. It comes from GSP-HPM locality 
410 near the village of Kaulial in the Potwar Plateau’. Locality 
410 is in the Dhok Pathan Formation’, the locality itself being 
composed predominantly of red silts, representing overbank 
deposits'’. The partial skull was probably not transported far 
after the animal’s death, and was probably scavenged after 
death. The only other directly associated fossils are a few small 
mammals—murids, a flying squirrel and a dormouse. However, 
we have an abundant mammal fauna from many localities at the 
same stratigraphic level as the face, the so-called U sandstone 
level, after a prominent marker horizon’. 





Fig. 1 Crania of Pan (left), GSP 15000 and Pongo (right). 
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Table 1 Facial, maxillary and mandibular measurements 
Nasal height 84.0 
Bizygomatic breadth est. 75.0 
Alveolare to nasospinale 26.0 
Nasal aperture height est. 29.0 
Nasal aperture breadth 21.0 
Nasal bone length est. 58.0 
Orbital height est. 43.0 
Orbital breadth 34.5 
Zygomatic depth est. 43.0 
Orbito-alveolar height est. 63.0 
Minimum biorbital breadth est. 9.5 
Biorbital breadth across lacrymal crests est. 10.5 
Palatal length 83.0 
Palatal breadth at C 31.0 
Palatal breadth at M? 32.5 
Incisive foramen breadth est. 2 
Palatal depth at C est. 8 
Palatal depth at M? est. 17 
Alveolar breadth at C 59.0 
Alveolar breadth at M° §9.0 
Symphysis Depth est. 42 
Thickness est. 20 
Corpus at P, Depth 37.0 
Thickness 16.0 
Corpus at M, Depth 34.0 
Thickness 28.5 
Ramus Notch height est. 88.0 
Condylar height est. 108.0 
Length est. 60.0 





For definitions of parameters measured, see refs 4, 6, 17. 


The U level is ~8 Myr old, based mainly on magnetostrati- 
graphic correlations''*'*. A brief period representing perhaps 
less than 0.1 Myr has been sampled intensively at that level’*. 
No significant plant remains are known, but we have tentatively 
reconstructed palaeography, habitats and faunal communities 
by a variety of geological and faunal techniques*'*'*. The late 
Miocene sediments were laid down by two major aggrading river 
systems, with many associated smaller streams, in an area of 
predominantly low relief. The habitat was probably a complex 
mosaic of forest, woodland and grassland, probably with a rich 
shrub layer. This would explain the abundance of browsing 
mammals, along with grazers, in the community*"*, 

Sivapithecus indicus is well represented at the U level by jaws 
and teeth, and a few unassociated postcranial elements probably 
also represent the same species’. If these assignments are correct 
the species was approximately chimpanzee-sized and more 
hominoid-like than cercopithecoid-like in overall anatomy; it 
was probably predominantly arboreal. 

The new specimen is unusually complete for this range of 
time, comprising an upper face, palate, and mandible with a 
complete adult dentition (Figs 1, 2)'*. The maxilla above the 
palate is preserved bilaterally and completely outlines the nasal 
aperture. Most of the remainder of the right side of the face is 
missing, except for the base of the malar process and a wedge of 
nasal process extending almost up to the frontal bone. In the 
midline and on the left side of the face, the specimen includes the 
nasal bones, almost complete orbital margin including the lower 
portion of the frontal bone, and the lateral edge of the face 
marking the anterior border of the temporalis muscle. The 
zygomatic bone is well preserved on the left and articulates with 
a segment of the zygomatic process of the temporal bone. 
A large fragment is missing from the midface on the left in the 
area of the zygomatico-maxillary suture. A separate fragment 
of the left temporal bone includes a complete articular fossa 
with a prominent postglenoid process. The lateral extent of 
the articular fossa is complete while medially the piece ends 
just beyond the articular surface. The mandibular corpus 
is bilaterally preserved back to the third molars, with 
a buccinator line well preserved on the right but mostly 
missing on the left. The specimen is broken and somewhat 
crushed on the left of the midline. Most of the left ramus is 
present, including a fragment of condyle, and the right ramus 
is also relatively complete. 
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Table 2 Dental measurements 
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Fig.2 a, Palatal view of GSP 15000; b, occlusal mandibular view 
of GSP 1500; c, lateral mandibular view of GSP 15000. 


The overall impression is of a delicate face combined with 
robust jaws and teeth (see Table 1 for measurements). The face 
is deep from frontal to tooth row and concave in profile. The 
supracrbital tori are small and the frontal profile steep; there is 
no frontal sinus. The orbits are ovoid, with their longest dimen- 
sion vertical, and are separated by a narrow interorbital region. 
The midfacial length from orbit to nose is greater than that in 
Pan or Pongo. The premaxillary region is prow-like and curved, 
and the incisors quite strongly procumbent. The zygomatic is 
gracile, and the temporo-mandibular joint shallow and crescen- 
tic, with the convexity facing anteriorly; it is ape-like, and similar 
to that of Pongo. The mandible is robust and deep, with well 
developed posterior symphyseal buttressing; the rami are high 
and vertical to the corpus. 

Table 2 gives dental measurements of GSP 15000. Judging 
from canine size this is a male. Overall wear on the dentition is 
very heavy and most occlusal detail is therefore lost; in some 
cases dentine is extensively exposed. Unworn Sivapithecus 
indicus cheek teeth are high crowned and low cusped, with few 
occlusal wrinkles, and have thicker enamel than almost all 
Neogene hominoids with the exception of Australopithecus”. 
Wear on the incisors and canines of GSP 15000 is heavy; canines 
are blunted, and the small upper lateral incisors oddly worn, 
presumably by occlusion with the lower canines. This suggests 
extensive anterior tooth use in non-masticatory activity. The 
maxillary sinus floors descend mostly to the root tips, although 
posteriorly sinus pockets extend between the roots. 

Sufficient frontal bone is preserved and enough known of the 
position of temporo-mandibular joint and adjacent temporal 
bone to reconstruct tentatively the anterior half of the brain 
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For definitions, see ref. 6. Note that all lengths are estimates, and greatly affected by wear 
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case. This was hafted high on the face, as in Pongo but unlike 
Pan; brain volume was probably in the ape range. In this 
feature, and in facial profile, jaw joint morphology, malar 
morphology, orbital shape and disposition, and overall palatal 
shape, the specimen is quite orang-like. In other features the 
two species differ; for example, in tooth morphology and 
wear, and in the considerable fossil midfacial length and ramus 
height. 

Compared with the few other Miocene facial or cranial 
specimens known, GSP 15000 differs from Proconsul africanus' 
and Proconsul nyanzae'® in being more like living pongids, and 
also differs from the possibly middle Miocene palate and face 
from Moroto in Uganda’. Among other late Miocene 
hominoids, it is most like the Sivapithecus face from Yassidren* 
and less like Ouranopithecus from Ravin de la Pluie”. However, 
detailed comparisons with all these specimens, and with those 
from Lufeng” in China and from the Pliocene deposits at Hadar, 
Ethiopia’, have not yet been completed. 

As reconstruction and analysis of GSP 15000 continues, 
attention is being paid to the biomechanical meaning and 
potential functional significance of facial, mandibular and dental 
features; this involves detailed understanding of equivalent 
parts in modern systems. As these studies proceed it should be 
possible to develop a clearer understanding of the significance of 
the attributes frequently used in taxonomic and phylogenetic 
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analyses. In particular, this will help evaluate the ‘primitive’ or 
‘derived’ nature of character states. | 

Meanwhile, there are several similarities between GSP 15000 
and Pongo that may turn out to be shared derived features. I 
doubt that S. indicus itself is ancestral to Pongo; however, I 
consider it likely that a similar late Miocene species, probably an 
Asian one, was. To what extent S. indicus resembles the last 
common ancestor of all living pongids and hominids is unclear. 
There are a few resemblances in mandibular and dental 
morphology (thick enamel, megadonty, mandibular robusticity) 
between Pliocene Australopithecus and Sivapithecus and similar 
late Miocene species, which may be primitive retentions. If so, in 
those features at least, the African pongids would be derived 
rather than primitive, which would have important 
consequences for the interpretation of hominid origins. 
However, it would be better to wait until more complete late 
Miocene hominoid material is recovered, especially from 
Africa, before constructing evolutionary stories. 

This research was supported by NSF grant BNS-8007338 and 
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Behrensmeyer, John Barry, Catherine Badgley, Horace French 
and Rizwana Raza; and Richard Smith, Todd Preuss and Steven 
Ward. Photographs are by William Sacco. 
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Since meditative practices are associated with changes that are 
consistent with decreased activity of the sympathetic nervous 
system’~’, it is conceivable that measurable body temperature 
changes accompany advanced meditative states. With the help 
of H.H. the Dalai Lama, we have investigated such a possibility 
on three practitioners of the advanced Tibetan Buddhist medi- 
tational practice known as g Tum-mo (heat) yoga living in 
Upper Dharamsala, India. We report here that in a study 
performed there in February 1981, we found that these subjects 
exhibited the capacity to increase the temperature of their 
fingers and toes by as much as 8.3 °C. 

g Tum-mo yoga is a form of meditation which allegedly allows 
its practitioners to alter body temperature. Previously, only 
subjective descriptions of this phenomenon existed: “The neo- 
phytes sit on the ground, cross-legged and naked. Sheets are 
dipped in icy water, each man wraps himself in one of them and 


must dry it on his body. As soon as the sheet has become dry, it is 
again dipped in the water and placed on the novice's body to be 
dried as before. The operation goes on in that way until day- 
break. Then he who has dried the largest number of sheets is 
declared the winner of the competition’”, 

During the practice of g Tum-mo yoga, ‘prdna’ (literally,- 


‘wind’ or ‘air’) is withdrawn from the scattered condition of 


normal consciousness and is made to enter into the ‘central 
channel’ inside the body. Then, through the alleged dissolution 
of these winds in the central channel, the ‘internal heat’ is 
ignited. The physiological changes are, therefore, a by-product 
of a religious practice. 

Each of the three monks in the present investigation had spent 
more than 6 years practising g Tum-mo daily and had lived most 
of the past 10 years in near-isolation in unheated, uninsulated 
stone huts ~4 x 7 m. The floors were earthen and the roofs made 
of large slate slabs or flattened tin cans. The huts were in isolated 
locales in the foothills of the Himalayan Mountains at altitudes 
of 1,800-2,800 m, outside the town of Upper Dharamsala. The 
first two subjects were studied in their hermitages while the third 
was studied in a hotel room in Upper Dharamsala. Each parti- 
cipated in the investigation after being asked to do so by H. H. 
the Dalai Lama. Verbal informed consent was obtained from the 
three subjects through our translator (J.H.). 

Skin temperature was measured in the area of the navel and 
lumbar region, the chest (nipple), left forearm, left fifth finger 
nailbed, left calf, left fifth toe nailbed and forehead using small 
disk thermistors (Yellow Springs Instrument Corporation (YSI), 
model 427) that were attached to the skin with plastic tape. 
Rectal temperature was monitored by means of a YSI rectal 
catheter probe inserted 10 cm beyond the anal sphincter. Air 
temperature was measured by YSI thermistor air probe (model 
405) as well as with a conventional sling psychrometer which was 
used to measure psychrometric wet bulb temperature to cal- 
culate relative humidity. All wires were connected to a multi- 
channel (YSI) switch box (model 4002) and connected to a YSI 
wide-range Telethermometer (model 42) with a 60°C range. 
Heart rate was monitored with a San-EI (model 2D16) Pulse- 
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Fig. 1 Skin and air temperature and heart rate changes before, 
during and after the practice of g Tum-mo meditation 1n subjects 
GJ (a), JT (b) and LT (c) 


meter monitor which used a digital probe to sense each pulse of 
blood flowing into the thumb Measurements were taken 
sequentially and tabulated every 5 min during control, medita- 
tion and recovery periods 

The first subject, Ven G J , aged 59 yr, sat in the cross-legged 
‘Lotus’ posture During a 55-min period of g Tum-mo medita- 
tion, his finger temperature increased 59°C and his toe 
temperature 70°C (Fig la) In the recovery period, finger 
temperature returned to baseline levels, while toe temperature, 
with the toes protected against heat loss by the lotus position, 
remained elevated Navel and lumbar temperatures increased 
by 1 °C during the meditative period Rectal temperature was 
unchanged Aur temperature slowly increased from 220 to 
23 5 °C during the hour Heart rate increased slightly, by 2 beats 
per min, during the meditative period and then returned to base- 
line levels 

Finger temperature in the second subject, Ven J T, aged 
46 yr, increased 7 2 °C, the highest levels being recorded ın the 
recovery period at a time when the subject claimed that, 
although he had stopped meditating, the subjective experience 
of g Tum-mo heat had continued (Fig 15) A similar pattern 
with a 4 0°C increase was noted in the toe temperature Navel 
temperature increased 19°C and nipple temperature 1 5 °C 
Rectal temperature was unchanged Aur temperature slowly 
increased within the hut from 16 °C to 19 2 °C, the most marked 
changes occurring late in the recovery period Heart rate was 
essentially unchanged throughout 

The third subject, Ven L T, was 50yr old Because his g 
Tum-mo changes started any time he was in a sitting posture, 
baseline measurements were taken 1n the upright posture We 
first performed measurements on this subject outside his hut 
However, high radiant heat temperatures hampered skin 
temperature measurements and since our visit coincided with 
the celebration of the Tibetan New Year, when the monk 
walked to Upper Dharamsala to listen to a lecture given byH H 
the Dalai Lama, we studied him again ın a cool hotel room His 
finger temperature rose 3 15 °C while toe temperature increased 
83°C (Fig ic) There were no other large changes in skin 
temperature Rectal temperature was unchanged Air tempera- 
ture within the hotel room decreased during the meditation 
period from 20 to 185°C, and then rose to 195°C in the 
recovery period Heart rate decreased after assuming the sitting 
position and continued to fall slowly throughout the experiment 

The subjects in the current experiment exhibited a greater 
capacity to warm fingers than has been previously recorded 
during hypnosis and after biofeedback training” ** Although ıt 
is possible that the practitioners had learned to increase their 
metabolism to produce more body heat, this seems unlikely 
Even though they were all lean, the monks claimed not to 
require more than a ‘normal’ amount of food Furthermore, 
their resting heart rates were within normal limits The most 
likely mechanism to account for the increase in finger and toe 
temperature 1s vasodilation Although no direct measurements 
of peripheral blood flow were made, others have calculated that 
during the srmple meditative process of transcendental medita- 
tion, there 1s a 44% increase ın nonhepatic, nonrenal blood 
flow’® and they hypothesized an increase ın skin or cerebral 
blood flow or both 

We thank H H the Dalai Lama and other members of the 
Tibetan community of Dharamsala, India, notably Ven 
Doboom Tulku and Tendzin Choegyal, for their support We 
also thank Wendy L Wornham, M.D, Irene L Goodale and 
Nancy E MacKinnon for their assistance This work was 
supported by grants from the National Science Foundation (NSF 
INT 8016982), the American Institute of Indian Studies, the 
National Institutes of Health (HL 22727 and HL 07374), the 
Fleischmann Foundation and the Fetzer Foundation 
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Preferences for 
cousins in Japanese quail 
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Early experience affects the mating preferences of many birds 
and mammals’. The plasticity of behaviour is such that indivi- 
duals reared with a member of another species may 
subsequently choose to mate with that species’ *°. Recent evi- 
dence suggests that the most strongly preferred mates are 
slightly different from individuals that are familiar from early 
life’. The implication of these findings is that an individual is 
able to strike an optimal balance between inbreeding and out- 
breeding by learning about its immediate kin and mating with a 
member of the opposite sex that is slightly different from its 
immediate kin’®. What such a balance might amount to in 
practice has previously been uncertain. I report here that 
Japanese quail of both sexes, having been reared with their 
siblings, subsequently prefer a first cousin of the opposite sex. 

The Japanese quail (22 males and 13 females) tested in this 
experiment were obtained from eggs laid by four different pairs 
in our laboratory colony Eggs from a given pair were collected 
over 2-week periods and placed simultaneously ın a separate 
compartment ın an incubator When transferred 13 days after 
the start of incubation to a hatching incubator, eggs were again 





Fig. 1 Apparatus used for testing preferences of adult Japanese 

quail Stimulus birds were put singly ın the inner compartments, 

which were painted white and lit from above The outward-facing 

windows were fitted with one-way screens A test bird could move 

freely round the black unlit outer part of the apparatus A pedal in 
front of each window operated a microswitch 


Sib Sib Ist 3rd Unrelated 
Cousin 


Famthar Novel 


Fig. 2 The mean percentage time spent by adult Japanese quail 

near members of the opposite sex that were either familiar siblings 

(Sib), novel siblings, novel first cousins, novel third cousins, or 

novel unrelated individuals The chance level ıs 20% A, Males 
(n =22), @, females (n = 13) 


kept in separate families and hatched separately Within a day of 
hatching ın the dark, the chicks were transferred to rearing pens 
and kept ın true families ın the same conditions as those used ın 
previous experiments’ The birds were isolated 30 days after 
hatching Testing started at 60 days, when the quail were 
sexually mature 

The pedigrees of the quail ın the colony were known for at 
least four generations and pairings had been carefully arranged 
It was possible, therefore, to test all birds with a variety of 
members of the opposite sex that were of different degrees of 
relationship but of the same age In addition, some true siblings 
were reared separately so that when the birds were tested, they 
were given choices between familiar and novel siblings, novel 
first and third cousins, and novel unrelated members of the 
Opposite sex 

The apparatus used for testing the adult quail 1s shown in 
Fig 1 The compartments ın which the stimulus birds were 
placed faced outwards from the centre of the apparatus The 
inside walls were painted white and the outside wall consisted of 
a one-way screen The outward-facing windows were used so 
that the test bird was not visible to the stimulus birds. The outer 
runway was painted black and the test bird could move freely 
from one window to the next To eliminate possible bias, when a 
test bird was initially introduced into the apparatus, 1t was placed 
in front of a compartment containing a different stimulus bird 
from the one tested previously Furthermore, food and water for 
the test bird were placed on the outside wall opposite the 
compartment of every stimulus bird Each test session lasted 30 
min Pedals which triggered microswitches were placed ın front 
of the compartment of each stimulus bird The time spent ın 
front of each of these stimulus birds was recorded automatically 
and expressed as a percentage of the total time spent ın front of 
all five types of stimulus bird 

Figure 2 shows the mean percentage duration spent ın front of 
each category of stimulus bird by both adult males and females 
Table 1 gives the scores for each individual The males were 
slightly more ready than females to spend time near a third 
cousin of the opposite sex However, ın this sample at least, the 
behaviour of the two sexes were statistically indistinguishable 
and, for the purpose of the analysis, these data were pooled 
First, all the data were examined using the Friedman test and the 
Overall deviation from chance was found to be statisti- 
cally significant (x? = 10 07, P<0 05) Second, the time spent 
near each category of stimulus bird was compared with the time 
spent near each other category of stimulus bird using the Wil- 
coxon matched-pairs test The tıme spent near novel first cousins 
was significantly greater than that spent near both familiar and 
novel siblings (z=302, P<001 and z=223, P<0 05, 
respectively). The time spent near novel first cousins was also 
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Table 1 Percentage time spent by adult Japanese quail 1ear members of the opposite sex 
a a ere ee te ae O 


Familiar Novel Novel first Novel third Novel 
Sex Subject sibling sibling cousin cousin unrelated 

1 23 29 4 417 295°: 40 

2 42 4 00 49 6 00 8 0 

3 00 40 118 34 80 8 

4 117 337 232 96 217 

5 145 32 8 33 6 00 

6 03 43 6 21 305 235 

7 34 01 267 50 8 191 

8 00 04 87 4 00 12 1 

9 00 00 01 97 2 27 

10 52 4 00 16 46 1 = 00 

Male 11 39 88 3 76 00 02 
12 00 02 24 8 751 00 

13 10 33 309 63 8 10 

14 00 13 00 94 4 43 

15 592 00 00 352 57 

16 85 524 135 155 101 

17 171 45 78 4 00 00 

18 23 0 14 3 17 8 127 32 2 

19 00 725 26 3 12 00 

20 101 00 899 00 00 

21 00 59 522 89 33 0 

22 29 342 01 627 

23 20 6 60 03 67 8 54 

24 128 25 6 43 3 118 6 6 

25 00 34 96 6 00 00 

26 559 26 3 73 32 72 

27 96 55 13 6 49 1 22 2 

28 05 00 63 6 01 358 

Female 29 00 23 0 42 6 105 239 
30 00 00 77 82 0 102 

31 309 13 4 20 0 8 2 27 4 

32 46 613 43 79 22 0 

33 00 172 772 28 28 

34 140 20 2 29 90 53 9 

35 00 00 86 1 00 139 

No showing strongest 
preference for category 4 12 9 4 





significantly greater than the time spent near unrelated indivi- 
duals (z = 2 18, P<0 05) i 

Of course, remaining near a member of the opposite sex 1s not 
the same as attempting to mate with ıt However, other experi- 
ments have shown that, in adult male Japanese quail, the time 
spent near a female in a choice test 1s strongly linked to the 
copulation preference’ Furthermore, the males ın the present 
experiment were observed to court the females ın the choice 
tests Finally, I have found ın other experiments that birds show 
no consistent preferences for members of the same sex 

Despite the clear overall preference for first cousins, the data 
were highly variable and only 12 of the 35 birds spent most time 
near a first cousin (see Table 1) The variability was expected as 
the degree of relationship between two individuals only 
indicates the probability that the two share heritable characters 
I have confirmed this by direct measurement of the quails’ 
plumage Although, for example, first cousins are on average 
more like each other than unrelated individuals, unrelated birds 
may resemble each other more closely than some first cousins 
Knowledge by a bird of a sibling’s appearance must necessarily 
be an imperfect guide to what a first cousin will look like 

The most preferred category of relations will probably depend 
on the degree of outbreeding of the population’ The quail used 
here were relatively inbred and ‘unrelated’ birds were physically 
rather similar to each other In populations that are physically 
more variable than our laboratory quail, the most preferred 
member of the opposite sex might be more closely related than a 
first cousin In contrast, the effect of restricted experience ın a 
laboratory experiment might have meant that the birds were 
more ready to escape from novelty than would be the case for 
quail growing up ın a natural environment Therefore, in a 


free-living population, the effects on sexual preferences of 
greater variation in the plumage of the population may cancel 
out those of more varied experience 

In many human societies, marriage to a first cousin 1s com- 
mon’? This apparent similarity between the behaviour of 
humans and quail should be noted Humans may strike a balance 
between the costs of inbreeding and those of outbreeding?’ 
and in doing so, may rely on their early experience ın a way 
similar to quail Clearly, many factors deriving from culture and 
individual experience affect human mating preferences, but one 
influence may well be an attraction towards a member of the 
opposite sex who differs, but not to a large extent, from well 
known, closely-related members of the family 

I thank Mr John Owen for assistance ın the care and testing 
of the animals, and Mr Tom Goss and Mr Brian Maltby for 
building the apparatus The research was supported by a SERC 
grant 
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Early auditory experience modifies 
sound localization in barn owls 
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The auditory system localizes sounds by comparing the timing 
and intensity of sounds arriving at the two ears, and associating 
specific binaural differences with directions of sounds in space. 
Thus, location for the auditory system, like stereoscopic depth 
for the visual system, is a percept created in the brain by a 
comparison of inputs from two receivers. We considered 
whether the neural mechanism underlying sound localization is 
determined entirely genetically, or if it is modified and regulated 
by auditory experience. The influence of experience on sound 
localization has been examined previously in various species, 
including man, with contradictory results’°. For our study we 
used the barn owl (Tyto alba) as an experimental model because 
it localizes sounds with extreme accuracy*””*. By placing a plug 
in one ear, we disrupted the owl’s binaural localization cues and 
induced large errors in sound localization. We report here that 
young owls adjusted to the altered cues and regained normal 
localization accuracy over a period of weeks. However, as the 
owls aged, their rate of adjustment slowed, and beyond 6-7 
months of age, their capacity to adjust was lost or greatly 
reduced. This plasticity of the sound localization mechanism 
early in life thus enables the auditory system to establish precise 
correlations between binaural cues (which vary between 
individuals) and directions of sounds in space. 

The localization cues used by the barn owl are those used by 
man—interaural differences in intensity and tıme!’ 
However, because of a vertical asymmetry ın the positions of the 
owl’s ears, high frequency sounds are loudest in the right ear 
when they originate above and to the nght, and loudest ın the 
left ear when they come from below and to the left! 
Behavioural and physiological studies demonstrate that owls 
use interaural intensity cues to localize the elevation of sounds, 
and both interaural tıme and intensity cues to localize the 
azimuth ** '4 

In our experiments, we occluded ears by suturing a foam 
rubber plug into the auditory canal The effect of such a plug on 
the auditory signal was determined ın one bird by measuring the 
sensitivity and phase of cochlear microphonic responses before 
and after the treatment The plug attenuated the signal by 
30-55 dB from 1 to 10kHz depending on frequency, and 
altered the phase of each frequency Thus, both interaural 
intensity and timing cues were severely disrupted by this 
procedure 

The experiments were done in a darkened anechoic chamber 
with the owl perched ın the centre Sound stimuli were gener- 
ated by a 4-cm speaker that could be moved to any position 
around the owl by remote control Travelling with the speaker 
and centred ın its cone was a 3-mm light bulb that provided a 
light stimulus The behavioural paradigm for measuring sound 
localization error took advantage of a natural head onenting 
response on hearing a sound the owl turns its head ın a rapid 
flick or saccade, bringing the source of the sound into a frontal 
region of maximum spatial acuity for the auditory system!’ 
This movement also brings the visual axes of the eyes, which 
are rmmobile in their sockets, ın line with the target A normal 
owl orients its head almost identically to either a sound or a 
light strmulus In these experiments, a difference ın the orienta- 
tion of the head to sound as opposed to light was taken as an 
error in sound localization (Fig 1) The behavioural paradigm 
simply required the owl to orient ıts head ın response to either 
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the sound or light stimulus, for which ıt received a food reward 
The reward was not contingent on the accuracy of the response, 
only on its crispness and appropriate latency To quantify the 
position of the head, a small mirror was attached to a clip 
cemented to the skull, and a collimated source of IR light was 
directed at the bird The mirror reflected the IR beam onto a 
grid of 0 5° increments ın a horizontal polar coordinate system 
The location of the beam on the grid was monitored using a 
video camera and stored on video tape for subsequent analysis 

The sound target consisted of repetitive noise bursts of varı- 
able duration, the light target was a constant dim glow of the 
bulb In both cases the stimulus was presented for upto 2 s Ifthe 
owl did not respond, the stimulus was turned off, followed by a 
waiting period of 30s Typically, however, the owl responded 
immediately with a saccadic head movement and sustained 
fixation The stimuli were maintained long enough to allow the 
owl to maximize its accuracy The coordinates of the head 
orientation were then recorded, a reward light activated, and a 
food reward delivered After every trial the speaker (with light 
bulb) was moved to a new location The owl received no 
feedback regarding the accuracy of its responses during these 
tests 

Five baby owls were used, four as experimental subjects and 
one as a control All were kept ın identical holding cages and 
allowed out daily for training and exercise The auditory 
experience they received consisted of self-generated noises 
when active in their cages, and the sounds ın the laboratory when 
allowed out for exercise At 4 weeks of age we occluded the left 
ear of owl 1 and the right ears of owls 2 and 3, the right ear of owl 
4 was occluded only at 27 weeks Owl 5, which served as a 
control and was never plugged, demonstrated the accuracy and 
precision that can be expected from a normal owl under our 
experimental conditions From four measurements made at 18 
weeks of age, the mean error of owl 5 ranged ın magnitude from 
0 8° to 1 4° in azimuth and from 0 4° to 1 7° ın elevation, with 
respective standard deviations of 1 4-2 3° and 1 3-2 7° These 
values are almost identical to the localization accuracies of two 
adult owls that were studied intensively ın previous behavioural 
experiments, using a different measuring technique’° 

From these results, we defined normal localization accuracy as 
an error of <2° in azimuth and elevation (indicated by broken 
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Fig. 1 The distribution of head orientations to sound and light 
stimuli recorded ın a single test session Each symbol represents a 
fixation point ın response to a sound (@) or light (A) stimulus The 
data were normalized for the location of the stimulus by subtracting 
the coordinates of the speaker or light bulb from the coordinates of 
the elicited head orientation This gave two sets of data points, one 
for sound and the other for light localizations The mean and 
standard deviation of each distribution 1s indicated by the crossed 
Imes Sound locahzation error was defined aş the difference in 
azimuth and elevation of these means The scatter (standard 
deviation) of the responses served as a measure of the precision of 
localization These data were taken from owl 1 at 120 days old, 1 
week after its plug had been removed Ina fully adjusted owl, these 
point distributions would superimpose almost perfectly 
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lines ın Fig 2) An owl was considered to have reached normal 
accuracy when its error fell within these limits on two consecu- 
tive days (In presenting these data, R signifies a localization 
error to the right of the source, L to the left, + above and — 
below ) Owl 1 (left plug) was the youngest bird to be trained and 
tested At 16 weeks old, having been plugged for 12 weeks, the 
median error (+s d ) of this owl was R 2 0°+3.1° ın azimuth and 
—1 3°+3 5° in elevation (Fig 2a) Apparently, owl 1 had lear- 
ned to localize with normal accuracy despite the severe 
monaural impairment caused by the plug At 113 days old the 
plug was removed, thereby restoring a strong (normal) binaural 
signal We tested owl 1 immediately and found tts localization 
error had altered dramatically to L6 7°+4 4° and down to 
—18 4°+4 1° The error not only remained large for the next 4 
days, but increased slightly on the third day to L 7 8°+1 7° and 
—19 7°+4 7° On the fifth day, azimuth and elevation errors 
began to decrease sharply The azimuth and elevation errors 
returned to normal after 15 and 28 days, respectively 

The pattern of auditory adjustments exhibited by owl 1 was 
murrored by owl 2, ın which the right ear was plugged (Fig 25) 
By the first week of testing, at 21 weeks old, owl 2 had adjusted 
to the monaural occlusion its error was Ri 1°+40° and 
—1 0°+4 0° Just after removing the plug on day 146, its error 
changed to R12 4°+4 6°, and +7 6°+4 5°, again, the largest 
localization errors occurred 2-4 days after the plug had been 
removed Azimuth errors declined rapidly after the second day 
and fell to within normal limits by day 11 Elevation errors 
peaked on the fourth day and returned to normal after 17 days 


The performance patterns of owl 3 were different from those 
of the first two birds (Fig 2c) Owl! 3 was 27 5 weeks old and had 
fully adjusted to the monaural impairment when its right plug 
was removed its localization error was L 1 9°42 5° and —0 8°+ 
41° After removing the plug its error changed to R 6 9°+3 3° 
and +6 2°+61° However, in this case adjustment to the 
unplugged condition was exceptionally slow the azimuth error 
took 25 days to correct and elevation error was still +3 7° after 
70 days of normal experience The difference between owl 3 and 
the first two birds was the age at plug removal whereas owl 3 
was 27 5 weeks old, owls 2 and 1 were 21 and 16 weeks old, 
respectively The data suggest that ın the older bird the localiza- 
tion mechanism had become resistant to modification by 
experience before complete readjustment could occur 

The implication that the localization mechanism becomes less 
plastic with age is supported by the results from owl 4 The right 
ear of owl 4 was occluded at 27 weeks of age (188 days) and kept 
occluded for the next 23 weeks, with no sign of adjustment 
Before the plug was removed the owl’s error was still L 7 6°+ 
2 1° and —12 4°+4 1°, and on the day after plug removal its 
localization accuracy was normal (R 0 7°+2 1° and 0 0°+1 8°) 
Thus, whereas the owls occluded at 4 weeks of age adjusted 
completely to the monaural impairment after only 12 weeks, owl 
4 did not seem to adjust at all after 23 weeks 

A second set of plugging experiments performed on owls 1 
and 2 at 21 and 26 weeks of age, respectively, corroborate the 
results from owl 4 (Fig 2) We plugged the right ear of both owls, 
that 1s, the opposite ear for owl 1 and the same ear for owl 2 as 
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were plugged the first time Neither owl corrected for the 
induced localization error Initially the data from owl 1 sugges- 
ted some adjustment (Fig 2a), but when the plug was removed 
after 33 days, the owl immediately localized with normal 
accuracy (0 0°+2 7° and +1 7°+2 5°) Similarly, owl 2, whose 
ear plug was still in place after 77 days, showed no sign of 
adjusting its error, which remained at L 10 8°+2 5° and —9 3° 
3 7° The lack of adjustment by owl 2 1s particularly revealing 
because the induced hearing impairment was the same 1n the 
first and second experiments (right plug) The owl corrected its 
error the first tıme, but not the second Hence the processes 
responsible for the adjustment ın the first plugging experiment 
were inoperative in the second, again suggesting that plasticity in 
the localization mechanism disappears or decreases significantly 
with age 

During normal growth and development, this capacity for 
adjustment enables the owl to fine-tune its localization 
mechanism during the period in life when binaural cues are 
changing rapidly After the owl reaches adult size and these cues 
stabilize, the calibration of the localization mechanism begins to 
crystallize and finally becomes resistant, if not immune, to 
further modification by experience 
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A role for T cells in immune surveillance has long been sugges- 
ted’, but the lack of high tumour incidence in T cell-deficient 
nude mice represented a challenge to this hypothesis. The 
discovery of natural killer (NK) cells, which can lyse tumour 
cells without any previous sensitization, and high NK levels in 
nude mice, suggested that these cells may constitute a first line of 
defence against spontaneously arising tumours in vivo?. 
Reports’* of a selective NK deficiency and normal T-cell 
function in C57BL/6 mice carrying the beige mutation (bg/ bg) 
suggested that these mice might be useful for assessing the 
relative importance of T-cell and NK-cell systems in immune 
surveillance. However we report here that the deficiency of 
beige mice is not restricted to NK cells. The generation of 
cytotoxic T lymphocytes (CTLs) in response to alloimmune 
challenge in vivo or in vitro was markedly impaired in beige 
mutants. Thus our results do not support the suggestion” that 
beige mice might be useful as a model of a selective NK 
deficiency. 


To examine the generation of allommmune CTLs in beige 
mice, 50 mutant (bg/bg) and heterozygous control (bg/ +) mice 
(H-2°) were immumzed with a single intraperitoneal (ıp ) 
injection of P815 (H-2°) tumour cells Five mice from each 
group were killed at different time intervals after immunization 
and the anti-P815 cytotoxic activities of individual spleen cell 
preparations were determined at various effector/target ratios 
ina4-h>*Cr release assay Lytic units (LU) of allommune CTL 
activity were determined from the dose-response curves’ The 
P815 subline used in these experiments was not significantly 
susceptible to lysis by mouse NK cells, target lysis being 0 8- 
28% (effector/target= 100 1) by normal spleen cells from 
unimmunized mice and 25-54% by interferon-activated 
mouse spleen cells’ Results (see Fig 1) indicate that the CTL 
activity in bg/ + mice increased rapidly from day 5 and reached a 
peak value of 33 LU per 10° spleen cells on day 11 CTL 
response was specific to P815 target cells and was not observed 
against syngeneic EL-4 cells (results not shown) By day 17, the 
activity had declined considerably but a secondary challenge zn 
vivo with 25x10° P815 cells increased the level of CTLs ın 
bg/+ mice observed 1 week after the second challenge At all 
time points, anti-P815 CTL reactivity was markedly lower in 
bg/bg mice, the peak level of CTLs on day 11 was 11 LU per 10° 
spleen cells Moreover, a secondary immunization did not 
increase CTL activity in bg/bg spleens Lytic units ın individual 
spleen cell suspensions indicated considerable variation 
between animals (Table 1) However, analysis of variance 
Showed that the difference in generation of CTL activity 


Secondary 


challenge 


Lytic units per 10° spleen cells 





Days after immunization 


Fig. 1 On day 0, 6-week-old female bg/bg or bg/ + mice were 
immunized by 1p injection of 02ml of a P815 tumour cell 
suspension containing 1X10’ cells Tissue-cultured P815 cells 
used for immunization were washed five times with normal saline 
before use On days 5, 8, 11 and 17, five mice each from bg/bg and 
bg/ + groups were killed and the anti-P815 immune T-cell reac- 
tivities of individual spleen cell preparations tested in a 4-h *!Cr 
release assay at effector/target ratios of 100 1,50 1,25 1,12 1, 
12 land6 1 as described previously® Lytic units were calculated 
from the linear portion of semilog dose-response curves’ Each 
lytic unit represents a target cell lysis of 10% ın the test system 
Each point ın the curve represents the mean+s e m of lytic units 
obtained from five spleen cell preparations On day 18 mice were 
reinjected with another 1p dose of P815 tumour cells (2 5x10° 
cells in 0 1 ml saline) and spleen T-cell cytotoxicity was examined 
on day 25 Spleen cells from unimmunized control mice had no 
detectable anti-P815 cytotoxic activity 


See 
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Table 1 Analysis of variance for data in Fig 1 
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Lytic units per 10° spleen cells* 





Mice Day 5 Day 8 Day 11 Day 17 Day25 
186 21 68 32 48 15 44 2565 
2 46 9 28 38 16 12 48 14 98 
bg/ + 2 32 21 92 36 00 15 12 18 20 
2 68 31 76 41 12 6 64 22 86 
3 56 42 08 20 88 9 68 25 22 
1 14 6 28 13 04 2 80 1 69 
1 46 1 36 15 20 4 20 6 46 
bg/bg 0 98 9 96 20 88 6 88 4 28 
178 8 56 10 64 5 92 1 43 
1 28 3 86 7 28 5 88 3 87 
Source of Sum of Mean 
variation df squares squares F 
Days after ımmunıza- 4 2,597 8 649 5 
tion 
Beige mutation 1 2,144 2 2,144 2 49 4 
(P <0 001) 
Error (includes 44 1,91] 3 43 4 
animal-to-animal 
variation) 
Total 49 6,653 3 
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* Each lytic unit represents 10% target lysis in the assay system and 
was computed from the linear parts of individual dose-response curves 
as described elsewhere’ 


between bg/bg and control mice was highly Significant (P< 
0 001, Table 1) 

Administration of tumour cells may induce two types of 
lymphocyte-mediated cytotoxic activity in mice An early aug- 
mentation of spleen NK activity peaks on the third day after 
tumour administration and falls rapidly thereafter to baseline 
levels by day 6 or 7 (ref 8) A second peak of specific alloum- 
mune CTL activity occurs later, between days 10 and 11 after 
immunization” In our experiments, anti-P815 cytotoxic activity 
of spleen cells was first determined 5 days after immunization 
and the peak of cytotoxic activity occurred on day 11—a typical 
CTL response Treatment of spleen cells with monoclonal antt- 
Thy-1 antibodies and complement completely abolished their 
cytotoxicity for P815 target cells, confirming the T-cell nature of 
the effector cells (results not shown) The monoclonal anti-Thy- 
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Table2 Generation of cytotoxic T cells ın a mixed lymphocyte reaction 
by bg/bg or +/+ mouse spleen responder cells 





Anti-P815 cytotoxicity generated 


Source of in mixed lymphocyte culture 
spleen cells (IU per 10° spleen cells) 
+/+ 132 44137 
bg/bg 39 245 4 (P<0 001) 


SS 


Responder spleen cells were derived from 11-week-old female bg/bg 
or +/+ mice (C57BL/6) In each experiment, 50 x 10° responder cells 
were incubated with 10x10° X-ray irradiated (1,000 rad) DBA/2 
(12-week-old, female) spleen cells for 5 days ın conditions described 
elsewhere’ At the end of incubation, cells were washed and tested for 
cytotoxicity against ~'Cr-labelled P815 cells ın a 3-h >'Cr release assay 
at effector/target ratios of 100 1,50 1,25 1,12 1,6 land3 1 Lytic 
units were calculated from the linear portion of the dose-response curve 
as described elsewhere’ No significant cytotoxicity was detected in 
cultures without DBA/2 stimulator cells Each value is the mean + 
sem of four experiments 


1 anzubody used has previously ‘been shown to abrogate 
completely immune T-cell reactivity with no significant effect on 
the levels of anti- YAC NK activity in spleen cells?° 

Generation of alloummune CTLs was also studied ın a mixed 
lymphocyte culture system using a method described else- 
where’, except that, instead of mitomycin treatment, the 
DBA/2 stimulator spleen cells were X-ray radiated 
(1,000 rad) Results of four experiments (summarized ın Table 
2) indicate that the levels of cytotoxicity generated by bg/bg 
spleen cells in 5-day MLC were only 30% of control levels 
Cytotoxic activity generated in MLC experiments could also be 
totally abrogated by treatment with anti-Thy-1-+complement 
(results not shown) 

Thus, we could not confirm the presence of a normal T-cell 
function in bg/bg mice, the reason for the discrepancy between 
our data and those of Roder*~ 1s unclear The source of bg/bg 
and control mice (Jackson Laboratories) was the same for both 
studies A possible explanation ıs the considerable variation 
between animals in levels of allormmune T cells generated in 
some beige mice, which can approach the lower limits of a 
normal response (Table 1) This variation was not reported in 
the previous study” ° and could have contributed to the apparent 
normality of T-cell function observed ın bg/bg mice, ın addition, 
celis from different mice were pooled and the immune T-cell 
activity of the pooled spleen cells determined In certain cases 
the results of assays using pooled spleen cells may not represent 
the mean of activities of individual spleen cell preparations’ 
Finally, the data presented by Roder et al 75 did indicate a lower 
than normal level of concanavalin A-induced T cell-dependent 
cytotoxicity in bg/bg spleen cells (Figs 6, 8 of ref 5) 

To compare the magnitude of the CTL induction defect ın 
bg/bg mice with the NK cell defect, we attempted to quantify the 
NK activity in spleen cell preparations derived from bg/bg and 
bg/+ mice Anti-YAK NK lytic units per 10° spleen cells in 
bg/ + spleen cell preparations were 6 26+1 0 (mean +s e m of 
eight mice) compared with <0 5 LU in bg/bg mouse spleen 
cells These results confirmed the previously reported NK defect 
in bg/bg mice?” 

Thus we have demonstrated a marked defect ın beige mice in 
the generation of allommmune T cells both ın vivo and in vitro 
Whether the defect in T-cell response ın bg/bg mice 1s general- 
ized 1s unknown Significantly lower than normal CTL response 
to lymphocytic choriomeningitis virus infection has been 
demonstrated ın bg/bg mice’*, whereas the response to vesi- 
cular stomatitis virus was approximately normal! Itis therefore 
possible that a normal or a subnormal CTL response in bg/bg 
mice may depend on the antigen used Our preliminary findings 
Stress the need for caution when using bg/bg mice as a model for 
a selective NK deficiency with normal T-cell function Small but 
significant differences in resistance to certain leukaemias 
between bg/bg and bg/+ mice™ could result from a NK-cell 
defect or T-cell defect or both 

We thank Ms Eleanor Wielechowski for secretarial help and 
Ms Cherlotte Adler for preparing the figure 


Received 1 September, accepted 11 November 1981 


1 Burnet,F M Prog exp Tumor Res 13, 1-27 (1970) 

2 Herberman,R B & Holden, H T Adv Cancer Res 27, 305-377 (1978) 

3 Roder, J & Duwe, A Nature 278, 451-453 (1979) 

4 Roder,J C J Immun 123, 2168-2173 (1979) 

5 Roder, J C, Lohmann-Matthes, M-L, Domzig, W & Wigzell, H J Immun 123, 
2174-2181 (1979) 

6 Saxena R K & Adler, W H J Immun 123, 846-851 (1979) 

7 Saxena R K, Adler, W H &Nordm, A A Cell Immun 63, 28-41 (1981) 

8 Herbernan, R B, Nunn, M E, Holden, H T, Staal, S & Djeu, J Y Int J Cancer 19, 
555-564 (1977) 

9 Cerottim, J-C & Brunner, K T Adv Immun 18, 67-152 (1974) 

10 Saxena, R K., Adler, W H & Nordin, A A Immun Commun 9, 371-378 (1980) 

11 Nordin, A A. & Adler, W H in Developmental Immunobiology (eds Siskind, G W , Litwin, 
S D & Weksler, M L ) 215-229 (Grune & Stratton, New York, 1979) 

12 Welsh, R M & Kiesshing, R W Scand J Immun 11, 363-367 (1980) 

13 McKinnon, K P , Hale, A H & Ruebush, M J Infect Immunity 32, 204-210 (1981) 

14 Karre, K , Klen, G O, Kiessling, R M & Roder, J C Int J Cancer 26, 78-79 (1980) 


ŘS 


242 
A O 
a 


Further studies on supposed 
lamarckian inheritance 
of immunological tolerance 


L. Brent”, P. Chandler}, W. Fierzt, P. B. Medawarj, 
L. S. Rayfield* & E. Simpson? 


*Department of Immunology, St Mary’s Hospıtal Medical School, 
London W2 1PG, UK 

+Transplantation Biology Section, Clinical Research Centre, Harrow, 
Middlesex HA1 3UJ, UK 





We have previously reported’ an unsuccessful attempt to 
confirm the claim of Gorczynski and Steele% that tolerance to 
alloantigens, induced by the inoculation of F, hybrid spleen and 
bone marrow cells in newborn mice, can be transmitted by males 
to their offspring. Our study had been designed to reproduce the 
in vitro data of Gorczynski and Steele and to extend them by the 
transplantation of F, hybrid skin allografts. It followed that of 
Gorczynski and Steele” very closely but differed from it in two 
respects: the number of semi-allogeneic lymphoid cells in the 
inoculum used to establish tolerance in the fathers was 5 x 10’ 
instead of 10° and the ratio of spleen cells to bone marrow cells 
was 9:1 rather than 1:1. Although we argued’ that it is 
improbable that these differences of execution could have 
significantly affected the outcome of the experiments, our 
departure from the original protocol was nevertheless open to 
criticism’ and the purpose of the present further study was to 
repeat the experiments by following Gorczynski and Steele’ in 
every respect. We also report an attempt to confirm the work of 
Guttman’s group**, who claimed that a single CBA male made 
tolerant to A/J histocompatibility antigens, and mated with 
normal (CBA x A)F, females, produced offspring with a higher 
incidence of hypo- or unresponsiveness to A/J skin or tumour 
allografts than the offspring derived from normal males. We 
have again failed to confirm the work of Gorczynski and Steele 
and, like Steinmuller’, we have been equally unsuccessful in 
confirming the observations of Guttman et al. 

Five newborn CBA/Ca (H-2*) males from two litters were 
made tolerant to A/J (H-2°) histocompatibility antigens by the 
intraperitoneal (1 p ) inoculation of 10° adult male (CBA x A)Fy 
hybrid spleen and bone marrow cells, mixed at a ratio of 1 1 
These mice received 5X10’ cells of the same cell mixture 1 p 
every 2 weeks throughout the breeding programme Strain A 
tail skin allografts were transplanted to them soon after 
completion of breeding and 4 weeks after their splenic cells 
(obtained by partial splenectomy) had been tested ın the cell- 
mediated lympholysis assay (CML) The mice were then ~4 
months old, all accepted their grafts and were clearly fully 
tolerant whereas the six normal age-matched control fathers 
rejected their grafts ın the expected manner at ~ 11 days 

Both tolerant and normal males were mated with groups of 
three normal CBA females of the same age and, when these had 
become pregnant, with a further group Of the five tolerant 
males, one was sterile, as was one of the sıx controls A total of 
87 offspring from tolerant fathers (‘experimental progeny’) and 
94 from normal fathers (‘control progeny’) were raised Splenic 
CML data were obtained for 81 (93%) experimental and 79 
(84%) control mice and all, with the exception of 4 experimental 
and 3 control mice that died as a result of partial splenectomy or 
after skin transplantation, were assessed for reactivity to 
(CBA x A)F, hybrid skin allografts Skin grafting and assess- 
ment of graft survival, splenectomy, the splenic CML technique 
and the statistical analysis were exactly as described previously’ 

All spleen suspensions were tested for their ability to respond 
following mixed lymphocyte culture not only against A antigens 
but also against ‘third-party’ C57BI/10 antigens The latter 
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Fig. 1 Anti-A cytotoxic responses of spleen cells from tolerant 
fathers (A), normal control fathers (C), (CBA x A)F; hybrid mice 
(F,) and progeny which are identified by the number of the father 
followed by A or C Each panel represents the data from a separate 
experiment, the sex of the responders 1s indicated The height of 
the bars, which represent responses of individual animals, 1s the % 
specific lysis at a killer/target ratio (K/T) of 5 1 derived from a 
12-point log regression analysis Groups 1A and 2C included 1n a 
were retested as shown in f (see text) Conditions of culture’ 4-ml 
Linbro wells were set up with 10’ responder spleen cells and 107 
irradiated (2,000 rad) strain A stimulator spleen cells per well in 
bicarbonate-buffered RPMI with 5% fetal calf serum, 5x 107° M 
2-mercaptoethanol, pemicillin and streptomycin, glutamine and 
10mM HEPES The assay was carried out on day 5 of culture 
Cells were collected from wells, counted and serially diluted (two- 
fold) ın round-bottomed 0 2-ml microtitre wells to which were 
added a constant number of *’Cr-labelled target cells (24-h 
concanavalin A blast cells) to give K/T ratios starting at ~10 1 
Supernatants were collected after 3 h incubation Per cent specific 
lysis was taken as (E—C)/(M — C) x 100, where E was the c p m 
for the experimental supernatant, C the cpm for the medium 
control supernatant and M the cpm of target cells lysed with 
5% Triton 


acted as a positive control to safeguard against technical failure 
and ın all cases a good response was obtained, they are therefore 
not included ın Fig 1, which illustrates CML reactivity against 
the specific A antigens only This time we confined ourselves 
entirely to the use of spleen cells for im vitro testing, as 
Gorczynski and Steele? had done in their original study, instead 
of using peripheral blood lymphocytes as well as spleen cells 

Two changes were made to our previous protocol first, the 
fathers were tested for CML reactivity at 4 months instead of 10 
months and, second, (CBA x A)F, hybrid control mice were 
included 1n each of the major experiments to provide a baseline 
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Table 1 Survival of (CBAXA)F, hybrid skin allografts transplanted to the progeny of tolerant or control CBA males mated with normal CBA females 


Graft survival time (days) 


Father Sex Experimental progeny Control progeny 
1 3 <11 <11 <11 <11 <11 <11 15 15 
2 <1i <11 <11 <il <11 <11 <11 <il NA 
2 o) <11 <11 <11 <11 <11 <11 <13 15 16 <11 <11 <11 <11 <11 <11 <11 <11 15 16 
2 <11 <11 <11 <11 <11 <11 <11<11 <11 <11 <11 <11 <11 <11 <11 12 14 
<11 <11 <11 <11 
3 g <11 <11 <11 <1f <11 <11 <11<11 <11 <11 <11 <11 <11 <11 <11 <11 <11 <11 
13 13 12 12 13 13 14 16 16 
? <11 <11 <11 <11 <11 <11 <11 #14 #14 14 <11 <11 <11 <11 <11 <11 13 
4 8 <11 <11 <11 <11 <11 <11 <11 <11 <11 <11 <11 12 12 13 14 
12 13 13 15 15 15 
2 <i1 <11 <11 <11 <11 <11 <11 <11 <11 <11 <11 <11 <11 <11 13 13 
5 3 NA <11 <11 12 17 
Q <11 <11 <11 <11 <11 <11 <11 <11 <11 <Il 
6 3 NA <11 <11 <11 <11 <11 12 13 15 17 
2 <11 <11 <11 <11 <11 <11 <11 <11 <11 <11 
<11 AZ 12 15 
Totals 3 43 45 
2 A 46 
Median survival times <11 <11 





The sex of the graft donors and recipients was the same NA, not applicable 


for the CML data Both changes must be regarded as improve- 
ments 

Figure 1a shows that the experimental fathers (A) were 
indeed fully tolerant, thus confirming the skin graft data Not 
only do their responses show a highly significant difference when 
compared with the controls (C), but ıt ıs clear that they did not 
exceed the baseline provided by the F, controls The experi- 
mental males were, therefore, as tolerant as the F; controls The 
low level of cytoxicity in the F; mice 1s in agreement with the F, 
anti-parental cytotoxic responses described for other strain 
combinations® Because the tolerant fathers would be expected 
to be chimaeric for F, hybrid lymphoid cells ıt 1s possible that the 
presence of F; cells contributed to the low level of responsive- 
ness shown by the tolerant fathers 

As for the progeny, Fig 1a-f indicates that there were no 
differences of any interest between experimental and control 
progeny The differences between the control progeny and the 
F, mice were always highly significant (P = 0 007-0 003) Only 
two experimental groups deserve special mention First, group 
1A (Fig la) showed a borderline hyporesponsiveness 
compared with the male controls (P =0 04), but a repeat 
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Fig. 2 Survival of female (CBAXA)F; tail skin grafts trans- 

planted to the female progeny of tolerant and normal control CBA 

males mated with normal (CBA x A)F; females —— Tolerant, 

fathers received F; lymphoid cells at birth and every 2 weeks 

thereafter (79 mice), tolerant, fathers received F; cells at 
birth only (39 mice), -—- normal fathers (40 mice) 


experiment some weeks later did not confirm this (included ın 
Fig 1f) Second, group 4A (Fig le) was marginally hyper- 
responsive compared with all controls (P = 0 01) and there was a 
slight hyper-responsiveness when all experimental and control 
mice of panel e were compared (P=002) No importance 
whatever 1s attached to this, especially as the anti-C57BI/10 
response by this group was also slightly greater than that of the 
controls (P=0 01) The conclusion 1s inescapable that the 
experimental progeny did not display the hypo- or non-respon- 
siveness described by Gorczynski and Steele 

The skin graft data again fully support this Table 1 lists the 
survival times of individual (CBAXA)F, hybrid grafts in 
experimental and control offspring It will be seen that they do 
not differ, and this 1s borne out by statistical analysis (males, 
P>03, females, P>0 2) Because F, grafts were used, a few 
were rejected a little more slowly than the majority, especially 
by male recipients, but this applied equally to the experimental 
and control progeny 

We have therefore confirmed our previous study and failed to 
substantiate the claim that acquired smmunological tolerance 
can be transmitted to offspring by tolerant male mice Other 
workers have experienced similar difficulties ın a variety of 
models involving immunological tolerance, from neonatally 
induced tolerance?" , the tolerance of tetraparental’ * or adult 
parabiont’? mice, to the natural tolerance that characterizes F, 
hybrids** 

We are again unable to explain the discrepancy between our 
latest negative results and the original findings of Gorczynsk1 
and Steele Our study was, as before, conducted ‘double-blind’ 
in that those of us performing the im vitro test were presented 
with the splenic biopsies in coded form and the code was not 
broken until the data had been fully computed Care was taken 
to ensure that both skin grafting and graft assessment was 
carried out without bias We feel we have gone as far as 1s 
possible to repeat the precise conditions of the original study as 
reported by Gorczynski and Steele? and we must conclude that 
the phenomenon described by them was due to some special 
conditions prevailing ın their laboratory Although that might 
still be of some interest ıt ıs unlikely that the lanrarckian 
inheritance they postulate 1s of any importance in the evolu- 
tionary process, 1f indeed ıt exists 

We have also failed ın our attempt to confirm the observation 
by Guttman’s group’ ° that the offspring produced from a mating 
between a C3H male, made tolerant at birth by the inoculation 
of strain A spleen cells, and normal (C3H x A)F, hybrid females, 
accepted A strain skin allografts more readily than controls 
Two kinds of functionally tolerant males were used in our 
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Fig. 3 Survival of male (CBA x A)F;, tail skin grafts transplanted 

to the male progeny of tolerant and normal control CBA males 

mated with normal (CBA x A)F, females — Tolerant, fathers 

received F; lymphoid cells at birth and every 2 weeks thereafter (64 

mice}, tolerant, fathers received F; cells at birth only (41 
mice), —— — normal fathers (46 mice) 


investigation 10 that had received 5X10’ spleen and bone 
marrow cells at birth (in a ratio of 9 1) and the same number 
every 2 weeks until completion of the breeding programme 
(designated A), and 4 that had been injected at birth only 
(designated B) Controls (designated C) were provided by 
normal age-matched males AH offspring were grafted with 
(CBAXA)F, skin 2-3 months after birth The only ways ın 
which our protocol differed (because ıt was carried out during 
another study’) were in the use of CBA mice ın place of C3H, 
although these are compatible for H-2 antigens and similar to 
C3H mice, and in the use of a mixture of spleen and bone 
marrow cells The mice were grafted 1n five batches over several 
months, with all groups represented ın most batches, and ıt was 
sometimes difficult to assess with complete accuracy the end 
point of survival for grafts that had undergone a slow, insidious 
form of rejection 

Figures 2 and 3 show that there was no substanttal difference 
between the progeny of groups A, B and C when comparing 
males with males and females with females There ıs no statts- 
tically significant difference in the numbers surviving beyond 
100 days between any of the groups If the evaluation 1s made at 
50 days, only the comparison between the male progeny of 
groups B and C shows a marginal but not significant difference, 
though ın an unexpected direction in that the number of 
experimental B progeny with surviving grafts ıs lower than ın the 
control group, using a one-tailed test (x? 2x2 test with Yates’ 
correction for continuity, P<005) Like Steinmuller’ we are 
therefore unable to confirm the clam by Guttman and his 
colleagues ın the strain combination used by us 

All advocates of Lamarckism have insisted that the only valid 
test of whether or not it occurs 1s that based on the inheritance of 
specific adaptive changes acquired during an organism’s 
lifetime The immune response and its specific diminishment 
(tolerance) are admirably well suited to make the basis of a test 
for Lamarckism In their original paper on tolerance, Billingham 
et al ™ (see also ref 9) found that the progeny of CBA parents 
both tolerant to A strain grafts reacted normally to such grafts, 
but they might have been mistaken because it was not at that 
time possible to measure allormmunity as precisely as may be 
done today The results reported here indicate that they were 
probably right and that in this experimental system acquired 
tolerance 1s not inherited 

All examples of supposedly lamarckian inheritance proposed 
so far’® have been mistaken or open to more plausible explana- 
tions, especially in terms of selection On the basis of our new 
evidence we can say with confidence that in respect of the 
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systems we have been investigating, lamarckian inheritance 
does not obtain 
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In man, several primates, sheep and goats, fetal haemoglobin 
(Hb F: a2) is synthesized during the intra-uterine life, with a 
switch to adult haemoglobin (Hb A: œ-ß82) production around 
birth. The mechanisms underlying the switches m globin gene 
expression are unknown. Studies of erythroid cell cultures 
suggest that haemoglobin switching is controlled at the level of 
haematopoietic progenitor cells’. To test whether interactions 
between the haematopoietic environment and the haemato- 
poietic progenitor cells have a role in the haemoglobin switch, 
we transplanted adult cells into unrelated sheep fetuses at a time 
of gestation when only fetal haemoglobin was being produced in 
the recipient cells. We report here that there was engraftment of 
the donor cells and bone marrow chimaeras were formed. The 
donor cells, proliferating and differentiating in the fetal 
environment, continued to produce adult haemoglobin. These 
results suggest that the fetal environment does not contain 
elements capable of switching the adult haematopoietic cells toa 
fetal programme of haemoglobin synthesis. 

In the sheep, gestation lasts ~145 days and the switch from 
fetal to adult globin formation usually starts at ~120~130 days 
and is completed shortly afterwards? Fetuses younger than 110 
gestational days typically have 100% fetal haemoglobin ın their 
red cells (by chemical analysis) In the adult sheep there is a 
genetic polymorphism at the £ locus of the adult haemoglobin* 
with two alleles 8”, providing chains for Hb B (a283), and 8^, 
directing the synthesis of Hb A(a.8>) The existence of this 
genetic polymorphism allowed us to use haematopotetic cell 
transplantations to determine the regulation in vivo of haemo- 
globin switching” as follows Bone marrow cells of an adult, 
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homozygous Hb B donor were transplanted to fetuses produced 
by AA x AA crosses (and hence genetically homozygous for Hb 
A) that were at a gestational age when they produced only fetal 
haemoglobin We tested the red cells of the recipient for the 
presence of Hb B, to obtain information about (1) the fate of the 
transplanted cells, that 1s, whether or not, there was engraftment 
and (2) the globin synthesized by the cells after transplantation 
to the fetal environment For example, if after transplantation, 
there was no production of donor Hb B 1n fetal red blood cells 
but a chimaeric A/B sheep was born we could deduce that the 
donor cells were engrafted but had switched during fetal life to 
fetal globin formation Synthesis of Hb B during gestation and 
the birth of a chimaeric A/B animal would be evidence that the 
donor cells were engrafted but did not switch to fetal haemo- 
globin formation 

We used pregnant ewes having confirmed dates of gestation 
Two heparin-filled polyvinyl catheters (0-9mm od) were 
inserted into the femoral artery and vein of the fetus Durect 
access to the fetal circulation was gained through a single 
midline incision of maternal skin and body wall, incision of the 
uterus, delivery of the fetal hind leg and placement of one 
catheter each into the fetal femoral artery and vein All incisions 
were then closed around the catheters, which were secured to 
the maternal skin, 48 h after surgery, each fetus received the 
donor bone marrow cells (4 x 10° nucleated cells per estimated 
kg fetal body weight), via the venous catheter, which was 
removed immediately after the bone marrow infusion Fetal 
blood samples were obtained via the arterial catheter for 
haemoglobin analysis before and at various intervals after 
infusion To minimize the risk of infection, the catheter was 
removed 3 weeks after the transplantation and the pregnancy 
allowed to go to term Blood sampling was resumed ın the 
newborn ın the case of successful deliveries 

All the fetuses were at day 85-105 of gestation As the donors 
and recipients were unrelated, ın the initial studies we attempted 
to suppress the haematopoiesis of the recipient fetus before 
transplantation The fetuses were irradiated or immunosup- 
pressed but all the recipients died within 1-6 days after these 
manipulations Subsequently, we simply transfused the adult 
bone marrow cells into untreated fetuses Eleven AA fetuses 
were given bone marrow cells from the same unrelated female 
BB donor Six of these were aborted after this treatment, as 
autopsies were not done, the reason for these losses ıs unknown 
The haemoglobins of the five surviving fetuses were analysed by 
globin chain isoelectric focusing No 8? (donor) or B* 
(recipient) globin chains were detected ın any of the fetuses on 
days 1 and 4 post-transplantation, indicating that the minor 
contamination of the donor’s buffy coat cells by red cells did not 
influence the haemoglobin phenotype of the fetus Two fetuses 
which were given infusions, respectively, on days 92 and 105 of 
gestation, failed to exhibit B” chains (donor) both throughout 
the 3 weeks of post-transplantation intra-uterine blood-samp- 
ling and during postnatal sampling (up to 41 and 53 days, 
respectively, after birth) 

Three fetuses were chimaeric A/B at birth One was studied 
only at birth and postnatally, a problem with the catheters did 
not allow intra-uterine sampling ın this case This animal 
remained healthy and was A/B chimaeric throughout the period 
of sampling Two of the chimaeric fetuses were sampled in utero 
for 21 days post-transplantation One of them died after birth, 
but the second developed into a healthy animal which remained 
chimaeric Figures 1 and 2 show the results of haemoglobin 
analyses The adult haemoglobin of the donor was clearly 
detectable by day 7 post-transplantation and comprised 41% of 
the fetal haemoglobin by day 21 post-transplantation 

The two living chimaeric lambs (a male and a female) 
produced both Hb B and Hb A at a ratio of 40 60 As the 
bone marrow donor was female, chromosomal studies were 
made of cells from the sole male chimaeric survivor Both 
donor (XX) and recipient (XY) karyotypes were noted for 
50 cells, 58% of the lymphocytes were of the donor (XX) 
karyotype 
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plantation and on days 1 
and 4 post-transplantation 
The donor’s 8® chains were 
detectable by day 7 and the 
intensity of the 8P zone 
incre@sed thereafter Note 
also the appearance of 
significant amounts of 8^ 
chains at birth and that the 
ammal remained 62/6“ 116 
chimaeric With the globin- 
chain isoelectric focusing 
method used®, we achieved 
clear separation of the 
globir subunits Subunit 
BF (from the inducible 
haemoglobm C  a,8§) 
migrazes between subunits 
B^ and B® We did not 
observe 8°-chain synthesis 
during the intra-uterine 
sampling of the animals 
with ar without evidence of 
engraftment The AA 45 
fetuses were given cells tert 
from the same 2 4-yr old Ag Bg 

female donor (see text) 

Donor bone marrow cells were obtained by multiple aspirations from 
different sites on the posterior i1l1ac crest The heparinized bone marrow 
samples were filtered through a screen mesh to remove large particles, the 
filtrate was allowed to settle at room temperature for 15 min and the 
supernatant and buffy-coat layers were removed and passed through needles 
of progressively smaller pore sizes to achteve a single-cell suspension The 
cells were resuspended in Hanks’ balanced salt solution containing the 
recipient’s own plasma (5% v/v) at a concentration of 4-7 x 10’ nucleated 
cells ml~’ In all cases the cells were infused into the fetus within 1-2 h of 
aspiration 
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These results raise questions for cell immunology and trans- 
plantation biology Successful grafts were observed in three of 
the five animals surviving to birth and all the donor-recipient 
pairs were unrelated The data suggest that ın adult fetus 
transplantation, conditions may exist which both allow tolerance 
of the donor cells and diminish the possibility of severe graft- 
versus-nost disease Confirmation of the findings of our 
experiments and simular studies ın primates may have practical 
relevance If untreated primate fetuses are infused with bone 
marrow cells from unrelated donors a chimaeric primate may be 
formed Thus, intra-uterine transplantation of adult bone mar- 
row cells could be considered as an alternative to abortion, 
when, on prenatal diagnosis, a human fetus 1s found to be 
homozygous for a 8-chain haemoglobinopathy (such as B- 
thalassaemia or a Hb S syndrome) 

The cellular mechanisms involved ın the haemoglobin switch 
during ontogeny are unknown The question remains as to 
whether the switch from fetal to adult globin formation ıs 
intrinsic to the cell (that 1s, due to the operation of a develop- 
mental clock which informs the cells when or after how many 
divisions the switch will occur) or whether it ıs the result of 
haematopoietic cell-environment interactions If such inter- 
actions are involved, are there specific factors present during 
fetal life or produced during and after the switch-over period 
which influence the programme of the progenitor cells? 

To test the possibility of environment-cell interactions we 
have previously transplanted haematopoietic cells from pre- 
switch sheep fetuses into lethally irradiated adult recipients We 
used the A and B polymorphism of the sheep and in one 
successful experiment, found that the fetal cells switched to 
adult globin expression when grafted ın to the adult environ- 
ment’ There are two possible interpretations of these results 
(1) the adult environment influenced the programme of thé 
transplanted haematopoietic cells and accelerated the switching 
process, (2) the transplanted cells were intrinsically pro- 
grammed to switch and did so 1n their new environment In the 
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Fig.2 Proportion of y, B^ (recipient) and B® (donor) chains in the 
haemolysates of blood samples periodically drawn from a fetus (gel 
shown ın Fig 1) Note the striking prenatal increment in the 
donor’s 8” chains, and the lower proportions of 8” chains at birth 
compared with the prenatal maximal value After the y- > 6-chain 
switch was complete, the level of B^ chains (derived from the 
recipient’s cells) exceeded the level of B® chains (originating from 
the donor cells) A remarkable aspect of these quantitative 
analyses ıs the pre- and post-natal proportion of the donor B” 
chain The findings are compatible with two peaks of 8” synthesis, 
one ~20 days post-transplantation and the second 20-30 days 
after birth A plausible interpretation 1s as follows The first peak of 
B® chain synthesis derives from red cells which have been formed 
by transplanted committed erythroid stem cells These progenitors 
have amplified, differentiated, been committed to erythroblastic 
maturation and have provided the fast rising level in donor 
haemoglobin after infusion of the donor bone marrow cells The 
postnatal peak, on the other hand, ıs derived from red cells 
produced by the engrafted pluripotent stem cells from the donor 


adult>fetal transplantation experiments reported here, we 
found that the adult donor cells produced large amounts of adult 
haemoglobin at a tıme when the cells of the fetuses had not 
switched to adult haemoglobin synthesis, this suggests that the 
donor cells continued to follow their adult globin programme 
even under the influence of the fetal environment The adult > 
fetal transplantations results are consistent with the mechanisms 
suggested by the findings of the fetal > adult haematopotetic cell 
transplantations If the switch from Hb F to Hb A formation 1s 
intrinsically controlled, the adult cells did not switch to fetal 
globin expression because their programme of differentiation 
had already been intrinsically changed If environment-cell 
interactions control the switch, both the fetus>adult and 
adult fetus transplantations point to the establishment of an 
‘adult’ haematopoietic environment as an underlying cause of 
the changes ın haematopoietic cells effecting haemoglobin 
switching 

Although further experiments are required to assess indivi- 
dually the programmes of the various classes of donor progeni- 
tor cells that were transplanted to these fetuses, the data 
presented here provide evidence against the possibility that 
there existed at the developmental time of these transplan- 
tations, an environment able to switch adult cells to typical fetal 
haemoglobin synthesis 
. This work was supported by NIH grants HL20899, 
GM15253, AM24029 and CA23021 and by Veterans 
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Platelets activated by a-thrombin change shape from disks 
to spheres and aggregate. During this sequence of activation, 
platelets develop a membrane-bound lectin activity” which is 
expressed after the secretion of intracellular granule contents’. 
This lectin activity seems to be important in mediating platelet 
aggregation by binding to a specific receptor on other platelets. 
Gartner ef al.* have recently shown that fibrinogen is the 
receptor for the endogenous lectin secreted by activated 
platelets. Thrombospondin® (also called glycoprotein Gf and 
thrombin-sensitive protein’) is an œ -granule constituent which 
has a molecular weight (MW) of 450,000 and is a disulphide- 
linked trimer of 160,000 MW subunits””’”°. Secreted throm- 
bospondin** binds to platelet membranes in a calcium- 
dependent manner’’. We show here that thrombospondin is the 
endogenous lectin of human platelets. 

Thrombospondin and other proteins were tested for lectin 
activity using minor modifications of the haemagglutination 
system described by Gartner et al ** If thrombospondin 1s the 
endogenous lectin of platelets, ıt may act directly as a haemag- 
glutinin Because thrombin-treated but not native platelets have 
lectin activity* *, we used fixed (formaldehyde-treated) native 
platelets and fixed thrombin-treated platelets as controls ın the 
haemagglutination assay As expected, fixed native platelets had 
no lectin activity (Table 1) whereas fixed thrombin-treated 
platelets had lectin activity and agglutinated fixed trypsin- 
treated sheep erythrocytes at a dilution of 1 16 (a titre of 16) 
This haemagglutination was blocked by a-D-mannosamine or 
a-D-glucosamine but not by N-acetylmannosamine or N- 
acetylglucosamine These same inhibitors have previously been 
shown to block both platelet plasma membrane lectin activity 
detected using bovine erythrocytes’ and thrombin-induced pla- 
telet agglutination* When tested in the same system, throm- 
bospondin purified from human platelets had strong lectin 
activity (haemagglutinin titre of 256, Table 1) This lectin 
activity was blocked by glucosamine and mannosamine but not 
by N-acetylglucosamine or N-acetylmannosamine In contrast, 
purified human serum albumin, fibronectin, factor VIII, 
fibrinogen and plasminogen tested as controls had no lectin 
activity 

If thrombospondin 1s the endogenous platelet lectin, excess 
exogenous thrombospondin may also inhibit the haemag- 
glutinating activity of thrombin-treated platelets by blocking 
thrombospondin receptors To test this hypothesis, proteins 
were serially diluted, sheep erythrocytes and fixed thrombin- 
treated platelets then added and haemagglutination was asses- 
sed A buffer control did not block haemagglutination (Table 2) 
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Table 1 Lectin activity of thrombospondin 








Diluted material Titre 
Fixed native platelets 0 
Fixed thrombin-treated platelets 16* 
Thrombospondin 256* 
Human serum albumin 0 
Fibronectin 0 
Factor VIII 0 
Fibrinogen 0 
Plasminogen 0 


Haemagglutination of sheep erythrocytes was assayed in microtitre ‘V’ plates 
(Cooke Engineering Laboratory Products) as described by Gartner etal 1-4 25 ul 
of Tris-buffered saline containing calcıum (TCS buffer 10 mM Tris-HCI, 2 mM 
CaCl,, 150 mM NaCl, pH 7 4) was added to each well, then 25 wl of the diluted 
material was added to the first well in a row of 12 wells and was serially diluted 
twice in duplicate series of 11 wells The remaining well in each series contained no 
diluted material and served as control Finally, 25 pl of a 2 5% suspension of 
trypsin-treated, formalinized sheep erythrocytes in TCS buffer prepared as 
described by Gartner et al *~* was added to each well The wells were agitated 
gently and evaluated for haemagglutination after standing overnight at room 
temperature The titre of diluted matertal 1s defined as the reciprocal of the end 
point dilution (greatest dilution that gives agglutination) Fixed thrombin-treated 
platelets were prepared as follows The platelets in 200 ml of fresh platelet-rich 
plasma were pelleted, washed once with 120 mM KCl, 75 mM Tris-HCl, 12 mM 
sodium citrate, pH 6 3, twice with 150 mM NaCl, 10 mM Tris HCl, 1 mM EDTA, 
pH 7 4 (ETS), and then resuspended ın 5 ml ETS The resuspended platelets were 
treated for 2 min at room temperature with human a-thrombin (3 units ml~", a gift 
of Dr John Fenton II) and washed once with ETS and once with 0 15 M NaCl, 
10 mM Tris HCl, pH 7 4 (TS buffer) The resulting pellet was resuspended in 2% 
paraformaldehyde in phosphate-buffered saline and incubated overnight at 4 °C 
The fixed platelets were washed four times with phosphate-buffered saline and 
resuspended ın TS buffer at a concentration of 350,000 yl“! and stored at 4°C 
until use Fixed native platelets were prepared by mixing fresh platelet-rich plasma 
with an equal volume of 4% paraformaldehyde in phosphate-buffered saline and 
incubating overnight at 4°C These platelets were washed as above, resuspended 
in TS at a concentration of 350,000 I~’ and stored at 4°C until used Throm- 
bospondin was prepared from 4 units of platelets by the method of Lawler*> The 
thrombospondin was >95% pure and contained no fibrinogen when analysed by 
SDS-polyacrylamide gel electrophoresis (SDS-PAGE) The human serum albu- 
min was obtained from Behring The purified peak I human fibrinogen was 
provided by Dr M Mosesson** and was >96% clottable and homogeneous on 
SDS-PAGE The human plasma factor VIII was prepared from plasma by 
methods previously described** and did not contain fibronectin or plasminogen 
when analysed for these proteins by enzyme-linked immunosorbent assay The 
purified human plasminogen” and fibronectin”? were gifts from Dr P Harpel The 
factor VIII, plasminogen and fibronectin were absorbed with insolubilized antı- 
human fibrinogen and were negative for fibrinogen by an enzyme-linked 
immunosorbent assay All proteins were added to the first well as 25 wl of a 
solution of 0 2 mg ml“! 

* This agglutination was inhibited by a 57 mM final concentration of either 
a@-D-mannosamine or a-D-glucosamine but not by 57 mM N-acetylmannosamine 
or N-acetylglucosamine 


whereas thrombospondin blocked haemagglutination with an 
inhibitory titre of 8 (final concentration of thrombospondin in 
last inhibited well ıs 63 pgml-') Human serum albumin 
and fibronectin inhibited haemagglutination only weakly 
Fibrinogen also strongly inhibited haemagglutination with an 
inhibitory titre of 16 in the presence or absence of calcium 
These latter results are at variance with those of Gartner et al *, 
who found that fibrinogen inhibited haemagglutination only in 
the absence of calctum The discrepancy may be due to the fact 


Table 2 Thrombospondin blocks haemagglutination by fixed, thrombin-treated 


platelets 
Diluted material Inhibitory titre 
Buffer 0 
Thrombospondin 8 
Human serum albumin 2 
Fibronectin 2 
Fibrinogen 16 


The materials listed were added as 25 yl of a solution of 0 2 mg ml™ to 25 wl of 
TCS buffer and serially diluted as in Table 1 5 pl of a 12 5% suspension of 
trypsin-treated, formalinized sheep erythrocytes and 25 yl of fixed thrombin- 
treated platelets diluted 1 4 with TSC buffer (haemagglutination titre of undiluted 
fixed thrombin-treated platelets was 16, see Table 1) were then added and the 
microtitre plates agitated, incubated overnight at room temperature, and read 
The inhibitory titre of a diluted material 1s defined as the reciprocal of the greatest 
dilution which inhibited haemagglutination compared with a control without any 
diluted material Other details are as ın Table 1 legend 
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Table 3 Thrombospondin blocks the agglutination of fixed, thrombin-treated 
platelets 
Diluted material Inhibitory titre 

Buffer 0 
Thrombospondin 16 
Factor VII 0 
Human serum albumin 1 
Fibonectin 2 
Plasminogen 2 
Fibrinogen 16 





The materials listed were serially diluted as ın Tables 1 and 2 25 yl of fixed 
thrombin-treated platelets diluted 1 4 with TCS buffer were then added and the 
microtitre plates agitated, incubated overnight at room temperature andread The 
inhibitory titre of a diluted material 1s defined as the reciprocal of the greatest 
dilution which inhibited agglutination compared with a control without any diluted 
material Other details as ın Table 1 legend 


that the platelets used ın our studies were fixed ın formaldehyde 
after thrombin treatment 

Fixed thrombin-treated platelets also agglutinate when tested 
alone ın a microtitre assay system (titre of 32) If throm- 
bospondin ıs the endogenous lectin of platelets, excess exo- 
genous thrombospondin may also inhibit the agglutination of 
fixed thrombin-treated platelets by blocking thrombospondin 
receptors To test this possibility, proteins were serially diluted, 
fixed thrombin-treated platelets added and agglutination asses- 
sed (Table 3) Buffer did not inhibit agglutination whereas 
thrombospondin strongly inhibited agglutination Factor VIII, 
human serum albumin, fibronectin and plasminogen inhibited 
agglutination only very shghtly or not at all Fibrinogen, 
however, strongly inhibited agglutination 

Of the proteins tested, only thrombospondin had lectin 
activity (Table 1), blocked haemagglutination by fixed throm- 
bin-treated platelets (Table 2) and blocked the agglutination of 
fixed thrombin-treated platelets (Table 3) None of the other 
platelet granule proteins tested had lectin activity and only 
fibrinogen blocked haemagglutination or platelet agglutination 
Studies of other a-granule proteins have shown that neither 
8-thromboglobulin nor platelet growth factor has lectin 
activity’’ Further, although platelet factor 4 was shown to have 
agelutinating activity’, ıt differed from the lectin activity of 
thrombin-stimulated platelets” or thrombospondin ın that ıt was 
not blocked by mannosamine or glucosamine and was not 
trypsin sensitive’? These observations thus support our 
conclusion that thrombospondin 1s the platelet lectin 

The observations that thrombospondin has lectin activity, 1s a 
multimer and by itself causes haemagglutination (Table 1) 
suggest that thrombospondin 1s a multivalent molecule The 
ability of thrombospondin to block haemagglutination and 
platelet agglutination at low concentrations (63 and 
3 1 ug ml’, respectively) suggests that thrombospondin binds 
with high affinity to its receptor The blocking effect of 
fibrinogen 1s compatible with the recent observation of Gartner 
etal * that fibrinogen 1s the receptor for the endogenous lectin of 
platelets If platelets interact with each other during aggregation 
via intercellular bridges of thrombospondin anchored to 
platelet-bound fibrinogen, excess free fibrinogen ın an agglu- 
tination or haemagglutination assay would react with thrombo- 
spondin and block the reaction The same reasoning applies to 
the blocking effect of thrombospondin Our data are also com- 
patible with the recent observation that the platelets from 
patients with the grey platelet syndrome (which lack a-granules 
and their constituents, including thrombospondin) are deficient 
in thrombin, ADP and collagen induced aggregation’® 

Other proteins in platelet granules—for example, factor 
VIII/von Willebrand factor*’*’, factor Va??? fibrinogen???’ 
and fibronectin’°—also have major roles ın platelet function 
Furthermore, it 1s interesting that endothelial cells, which 
synthesize von Willebrand factor?’** and fibronectin”’, also 
synthesize thrombospondin*’*’ Although the level of throm- 
bospondin ın plasma as measured by radio1rmmunoassay ıs quite 
low (DFM and EA J, unpublished results), endothelial cells 
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ın certain conditions may release thrombospondin ın a local 
microenvironment and thus support platelet function 
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Accurate chromosome segregation during mitosis is contingent 
on the controlled polymerization and function of spindle micro- 
tubules. Assembly-promoting polypeptides that co-sediment 
with microtubules during cycles of polymerization in vitro are 
attractive candidates for regulators of the formation and 
function of the mitotic apparatus in vivo. However, previous 
work has shown that the major species of microtubule-asso- 
ciated proteins (MAPs) from mammalian brain or tissue culture 
cells are either not associated with the mitotic spindle’ or are 
associated with both mitotic and interphase cytoplasmic micro- 
tubules“. We have therefore sought a novel way to identify 
spindle regulatory factors. In the study reported here, mono- 
clonal antibodies have been prepared against a MAP fraction 
from HeLa cells. One of the resulting hybridoma clones 
produces IgG that binds to a polypeptide of molecular weight 
~200,000. During cell division this antigen is associated with 
fibres in the mitotic apparatus, but in mterphase it is located 
primarily in the nucleus. Surprisingly, the antigen is also detect- 
able on the plasma membrane of circulating human eryth- 
rocytes. This spindle component is distinct from previously 
characterized MAPs and may represent a regulatory factor in 
the assembly and function of the mitotic apparatus. 

The molecular factors controlling the assembly and function 
of the mitotic spindle are largely unknown Interphase micro- 
tubules in lysed cell models display a calcium lability that 1s 
modulated by MAPs’, suggesting that the polypeptides which 
co-purify with cytoplasmic microtubules may have important 
regulatory functions Other potential regulatory proteins, such 
as calmodulin® and cyclic nucleotide-dependent kinase’, have 
been localized ın the mitotic spindle, but although this suggests 
several models for spindle regulation, the actual functions of 
these enzymes during chromosome separation remain specula- 
tive 

We have been studying MAPs from cultured cells using the 
lymphocyte hybridoma methodology to 1dentify specific mitotic 


spindle components. Using a crude mixture of HeLa cell MAPs 
purified by cycles of co-assembly with HeLa tubulin and by 
ion-exchange chromotography’* as initial innoculum, we have 
screened for spindle antigens by radioimmunoassay and 
immunofiuorescence microscopy The antibody produced by 
hybridoma clone 0-2D5 3 1 binds a polypeptide from HeLa 
cells with an approximate molecular weight of 200,000 (Fig 1) 
The 0-2D5 antigen 1s sensitive to endogenous protease both in 
purified microtubule protein preparations and ın whole-cell 
homogenates’, as are the high-molecular weight MAPs from 
brain’’ The 0-2D5 antibody preparation produces a distinctive 
punctate nuclear immunofluorescent staining pattern ın inter- 
phase human cells and stains mitotic spindle fibres intensely 
(Fig 2) The interphase microtubule array stains only faintly 
(Fig 2a, b) The fluorescent nuclear dots range in number from 


Fig. 1 Immunoprecipitation of a b c 
HeLa cell MAP Autoradiograph of 
35S-methionıne-labelled HeLa cell 
homogenate (a) and Staphylococcus 
aureus ımmunoprecipıitates* using 
0-2D5 3 1 antıbody (b) and a control 
monoclonal antibody (c) run on a 
75% SDS-polyacrylamıde gel’ 
The 0-2D5 antibody specifically pre- 
cipitates a protein of molecular 
weight ~200,000, while there are 
several additional polypeptides that 
bind nonspecifically to both immune 
complexes Molecular weight 
markers were fibronectin (230,000), 
phosphorylase a (94,000), bovine 
serum albumin (68,000) and oval- 
bumin (44,000) The MAP fraction 
used as antigen was prepared by 10n- 
exchange chromatography of four 
times-cycled HeLa cell microtubule 
protein as described elsewhere® = 

BALB/c mice were tmmunized 

intraperitoneally with 100 wg of SDS-denatured HeLa MAPs 
emulsified in an equal volume of Freund’s complete adjuvant 
Twenty-one days later the mice were boosted intravenously with 
50 wg of MAPs in saline After another 4 days splenic lymphocytes 
were collected and fused with SP2/0 myeloma cells as previously 
described’ Hybridomas were screened by a solid-phase radto- 
immunoassay, and cells producing specific antibody were 
cloned twice in soft agar Immunoglobulin from 1 01 suspension 
cultures was concentrated 100-fold by 40% ammonium sulphate 
fractionation and the IgG purtfied by chromatography on 
Affi-gel Blue CM (Biorad), followed by another ammonium 
sulphate precipitation 
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Fig. 2 Indirect immunofluorescent 
staining pattern of HeLa (a, b, d-f) 
and Va90 (c) cells and human 
erythrocytes (g,h). Cells were 
Stained with anti-MAP antibody 
secreted by hybridoma 0-2D5.3.1 
(a-e,@) Or with a contro] mouse 
monoclonal preparation (f, h). The 
0-2D5 antibody stained the inter- 
phase nucleus (a, b) and the enlar- 
ging prophase asters (b, arrows) in 
human cells. The mitotic spindle 
Stained intensely (c-e) with the 
punctate pattern reappearing during 
telophase (e). The antibody also 
Stained the plasma membrane of 


circulating erythrocytes (g). Tissue 
culture cells were grown on 
coverslips in minimal essential 


medium supplemented with 10% 
calf serum, rinsed in saline, fixed in 
100% methanol at —20 °C for 4 min, 
postfixed in acetone at —20°C for 
| min, rehydrated in saline and then 
processed for immunofluorescence 
microscopy as previously described’. 
Human erythrocytes were diluted in 
saline, settled on coverslips and fixed 
with 2% paraformaldehyde before 
being permeabilized and stained as 
above. The secondary antibody was 
tetramethylrhodamine-labelled goat 
anti-mouse immunoglobulin (USA 
Biochemicals) at a 1:50 dilution in 
20% goat serum. Specimens were 
examined on a Zeiss photoscope II] 
equipped with epifluorescence 
optics, and fluorescent images were 
recorded on Plus-X film. Scale bar, 
5 um. 


14 to 43 and appear to be randomly intranuclear: they are not 
associated with the nuclear envelope as judged by through-focus 
examination at high magnification. The punctate pattern of 
antibody staining disappears during prophase and reappears in 
association with the decondensing chromatin during telophase 
(Fig. 2b, d). There is no evidence of fluorescent dots in 
metaphase or anaphase cells (Fig. 2c,d). The spindle fibre 
staining is apparent even during early prophase when the anti- 
body stains the nascent asters (Fig.26). No concomitant 
increase in the staining of the residual interphase microtubule 
network is observed during this stage. Similarly, the 0-2D5 
anti-MAP antibody stains the spindle remnant (midbody) dur- 
ing telophase (Fig. 2e), again without significant staining of the 
arrays of pedah microtubules assembling in the daughter 
cells. The 0-2D5 antibody does not cross-react with cultured 
cells of non-human primate, rodent, or marsupial origin, but it 
does stain the plasma membrane of human erythrocytes 
(Fig. 2g, h). No surface staining has been observed in any other 
cell type tested. 

The origin, molecular weight and cellular distribution of the 
0-2D5 MAP distinguish it from the major MAPs of brain 
microtubule protein. The differences between previously 
published micrographs* of anti-MAP staining and the punctate 
nuclear immunofluorescent images shown here suggest that the 
set of high-molecular weight HeLa MAPs contains structurally 
and functionally distinct protein species. The 0-2D5 antigen is 
also distinct from nuclear mitotic apparatus protein (NuMA), 
another high-molecular weight antigen found in the interphase 
nucleus and in association with the mitotic spindle of human 
cells''. The electrophoretic mobility of NuMA and the Staining 
pattern of anti-NuMA monoclonal antibodies (S. E; Winston 
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and D. E. Pettijohn, personal communication) clearly differ 
from those of 0-2D5 antigen. NuMA was originally isolated as a 
non-histone chromatin-associated protein and may be involved 
in the organization or expression of DNA. At present there is 
insufficient data to determine whether the foci stained by 0-2D5 
have structural or enzymatic activity associated with chromatin 
or the nuclear matrix. 

There are striking similarities between a spectrin-binding 
protein in human erythrocyte membranes called ankyrin or 
syndein and the 0-2D5 antigen. Both are easily proteolized 
proteins of molecular weight 200,000 which associate with 
Structural polypeptide polymers (ref. 12; Fig. 1). Antiserum 
against ankyrin produces spotted nuclear immunofluorescent 
images and stains the mitotic apparatus in tissue culture cells 
(V. Bennett, personal communication), Nucleated erythrocytes 
from birds and amphibians have characteristic circumferential 
bands of microtubules which contain MAPs'°: thus the similar 
distribution of ankyrin and the 0-2D5 MAP raises the intriguing 
possibility that these antigens have common antecedents as well 
as similar functional characteristics. 

There is no indication, as yet, whether the 0-2D5 antigen, 
ankyrin or NuMA are necessary spindle components which are 
sequestered in the nucleus during interphase, or if the antigens 
function primarily in the interphase nucleus and bind to spindle 
fibres simply to assure partition into the daughter cells. The 
rather surprising similarity between an erythrocyte membrane 
component and a cultured cell MAP suggests that these pro- 
teins, or different oligomers of which they are a subunit, may 
have distinct functions depending on the cellular environment. 
They may be members of a family of multifunctional mole- 
cules like tubulin that are used in different ways according to 
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the stage of the cell cycle or the Programa’ of cellular differenti- 
ation. 

The data presented here are consistent with the hypothesis 
that a subset of mitotic spindle components is sequestered in the 
nucleus during interphase and that nuclear envelope breakdown 
initiates or augments spindle assembly by releasing important 
factors into the cytoplasm’*’’. Detergent-lysed cell models do 
show an increased ability to nucleate aster microtubules after 
the breakdown of the nuclear envelope’®. Generalizing this 
theory is difficult in view of the variety of organisms that do not 
dissolve or fenestrate their nuclear envelopes during mitosis. 
However, the 0-2D5 antigen appears on early prophase asters, 
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suggesting that additional mechanisms may be working to allow 
or promote the association of this antigen with a specific subset 
of cytoplasmic structures. The preferential association of the 
0-2D5 MAP with mitotic apparatus microtubules supports its 
identification as a spindle MAP and strengthens its candidacy for 
a mitotic spindle regulatory factor. Microinjection studies are 
being done to elucidate the role of the 0-2D5 MAP during 
spindle formation and chromosome separation. 
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Transformation by Rous sarcoma virus (RSV) is mediated by a 
single virus-encoded polypeptide, pp60" (refs 1-3), which has 
protein kinase activity specific for tyrosine residues*’. The 
identification of the proteins phosphorylated by pp60"" is 
important in understanding the events involved in RS V-medi- 
ated transformation. One potential substrate is a 50,000-mole- 
cular weight (MW) phosphotyrosine-containing protein (pp50) 
which is associated in a complex with pp60"° and a cellular 
90,000-MW protein (pp90; ref. 8) and thus is immunoprecipi- 
tated by antibody to pp60™ (refs 6, 9, 10). We have performed 
further studies to determine whether this 50,000-MW protein 
(pp50) is present in uninfected cells and whether its phos- 
phorylation at tyrosine depends on RSV-induced trans- 
formation. Here we demonstrate that a phosphoserine-contain- 
ing form of pp50 is present in uninfected chicken cells and that 
on transformation by RSV, a second form of pp50, detectable by 
two-dimensional analysis of **P-labelled proteins, contains 
phosphotyrosine as well as phosphoserine. This phos- 
phorylation of pp50 at tyrosine is not temperature sensitive (ts) 
in cells infected with mutant viruses containing a ts defect in the 
src gene. Previous results’ have suggested that the temperature 
stability of this phosphorylation might be a result of the strong 
interaction between the mutant pp60"™ protein and pp50. 

To identify pp50 on two-dimensional gels of **P-labelled 
chicken cell lysates, a mixing experiment was performed (Fig. 1). 
First, using serum from tumour-bearing rabbits (TBR), pp50 
was immunoprecipitated from **P-labelled chicken cells trans- 
formed by the SR-A strain of RSV. Two-dimensional gel 
electrophoresis of this immunoprecipitate using ampholytes en- 
riched in the pH 5-7 range resolved pp50 (pI = 5.4; Fig. 1a). 
Comparison of the two-dimensional gel patterns of uninfected 
cell phosphoproteins (Fig. 1b) with a mixture of the TBR 
immunoprecipitate and uninfected cell phosphoproteins (Fig. 
1c) indicated that the pp50 which is bound to pp60*" and 
precipitated from RSV-transformed cells (ppS0A) migrates just 
to the acidic side of a 50,000-MW phosphoprotein present in 
uninfected cells (pp50). Although pp50A is not found in unin- 
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fected cells (Fig. 14), cells transformed by the SR-A strain of 
RSV appear to contain both pp50A and pp50B (Fig 1d). 
Identical results were obtained using the Prague, B77 and Bryan 
strains of RSV; transformation-defective deletion mutant virus- 
infected cell lysates contained pp50B alone. These observations 
suggest that pp50A might arise by RSV-induced phos- 
phorylation of pp50B. Indeed, charge calibration of these gels 
by forced carbamylation'' indicated a difference of one charge 
unit between pp50A and pp50B, which at this pH could be 
accounted for by a difference of one phosphate group. 

To investigate further the possible relationship between 
pp50A and pp50B, these **P-labelled proteins were excized 
from two-dimensional gels and analysed by partial proteolysis 
with chymotrypsin, using the method of Cleveland et al.'* (Fig. 
2). Several other 56,000-MW phosphoproteins migrating at 
more basic pH than ppã0B were also analysed (Fig. 2, upper 
panel; pp50C, D and E). pp50B from uninfected cells or cells 
transformed by the SR-A or Bryan strains of RSV had the same 
cleavage pattern, consisting of two major phosphopeptides (Fig. 
2, lower panel). pp50A from cells transformed by either strain of 
RSV, and isolated by either two-dimensional gel electrophoresis 
or immunoprecipitation with TBR serum, yielded two phos- 
phopeptides co-migrating with those of pp50B plus two new 
phosphopeptides (indicated in Fig. 2 by asterisks). The ppSOC, 
D and E spots do not seem to be related to pp50A and B by this 
type of analysis, although we have not rigorously ruled out such 
a relationship. These data suggest that pp50A and B represent 
different phosphorylated forms of the same protein, pp50A 
being formed by the transformation-dependent phos- 
phorylation of pp50B at a new site(s). 

To determine whether phosphorylation of pp50 on tyrosine® 
is transformation dependent, the phosphoamino acid contents 
of pp50A and B were analysed (Fig. 3). The pp50B species from 
either uninfected (lane 1) or RSV-transformed (lane 2) cells 
contains only phosphoserine. The transformation-specific 
ppS50A species contains phosphotyrosine in addition to phos- 
phoserine (lane 3). This observation, combined with the phos- 
phopeptide analysis described above, suggests that the 
difference in migration of the pp50A and B species during 
isoelectric focusing’is dueto an additiorral Poorphaig group 
bound tẹ a tyrosine residue ‘Ort PPSOA, 

The obserVation that pp50 i is presentig both: uninfected and 
RSV-transfotmed*cells, but is pħošpŘorylateg on tyrosine only 
in the latter, suggested that pp50'mdy be a substrate for pp60™™. 
To test thig*hypothesis further; we examined whéther the tyrosyl 
phosphof#tation of pp50 sas ‘température ‘Sensitive i in chicken 
cells infepted with the NY68 : syain< of R& V3, which contains a ts 
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Fig. 1 Two-dimensional analysis of phosphoproteins from normal and RSV-transformed chicken cells. Samples for analysis on two- 
dimensional gels were prepared as described below. Immunoprecipitated proteins. Chicken cells (1 x 10°) transformed by the SR-A strain of 
RSV were labelled for 4 h with 1 mCi mI ' *?P_orthophosphate in phosphate-free medium. Cell lysates were prepared as described previously’ 
using RIPA buffer (150 mM NaCl, 1% Triton X-100, 1% sodium deoxycholate, 0.1% SDS, 10 mM Tris-HCI pH 7.2) with 5 mM EDTA. The 
clarified lysates were incubated with 30 ul of TBR serum for 20 min and then formalin-fixed Staphylococcus bacteria?’ were added for 10 min. 
The washed bacteria were incubated with 30 ul of OFLB (9.5 M urea, 2% NP-40, 5% 6-mercaptoethanol, 0.4% ampholytes (LKB) (pH 
3.5-10), 1.6% ampholytes (LKB) (pH 5-7) at 22 °C for 10 min. The bacteria were then removed by centrifugation and the supernatant frozen 
until ready for use. Total cell lysates. Normal or RSV-transformed (SRA strain) cells (1 x 10°) were labelled for 4h with 1 mCi mI ! *°P in 
phosphate-free medium. The cells were washed three times with STE (150 mM NaCl, 50 mM Tris-HCl pH 7.2, 1 mM EDTA) prepared 
according to a modification** of the O’Farrel method”’ for two-dimensional gel analysis of proteins. Briefly, the cells were incubated for 5 min in 
300 jl of 2 mM CaCl, 20 mM Tris-HCI (pH 8.8) and 50 ug ml ' Staphylococcus nuclease buffer (Boehringer-Mannheim). The cells were then 
forced through a 25 ga. needle, made up to 0.2% SDS, and 0.1 vol of DNase/RNase buffer (1 mg ml ' DNase I (Sigma), 0.5 ug ml ' RNase A 
(Sigma), 50 mM MgCl, and 0.5 M Tris-HCI pH 7.0) was added. The sample was guick-frozen, lyophilized and immediately resuspended in 
180 ul of OFLB. Two-dimensional gels. Samples (15 wl) were loaded on to 0.2 x 16 cm cylindrical gels prepared as described elsewhere” with a 
4:1 ratio of pH 5-7/pH 3.5-10 ampholytes (LKB). After prefocusing, the gels were run at 400 V, for 17 h, followed 800 V for 1.5 h. The gels 
were then removed from the tube and the gel section from 2-9 cm was equilibrated for 5 min in 2.5% SDS, 5% 8-mercaptoethanol, 10% glycerol 
and 62.5 mM Tris pH 6.8, layered on toa 7.5% Laemmli” SDS-polyacrylamide gel and electrophoresed until the bromophenol blue reached the 
bottom of the gel. The gels were dried immediately and exposed to film for 16-24h using a Lightning-plus (Kodak) intensifying screen. a, 
Phosphoproteins immunoprecipitated with TBR serum. (The pp60"™ protein does not focus in this pH range and the faint spot around p15.6is 
pp90). 6, Phosphoproteins from normal chicken cells. (The spot designated 90 represents the protein which co-migrates with the pp90 
immunoprecipitated protein). c, Phosphoproteins shown in 6 mixed with the proteins shown in a. d, Phosphoproteins from RSV-transformed 
chicken cells. 
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Fig. 2 Partial proteolytic digestion of the 50,000-MW proteins ees 1 FFI wei 
excized from two-dimensional gels. The gels of normal and RSV- 
transformed (SRA and BH strain) chicken cells were prepared as —cK _ SRRSVCK -BHRSV CK _ 
described in Fig. 1 legend. The upper panel identifies the **P- EDCB RPA BBCODE ABCDE 
labelled RSV-transformed chicken cells (RSV-CK) re-electro- 
phoresed (lower panel) on a 12.5% SDS-polyacrylamide gel with 
500 pg ml ' chymotrypsin (Sigma) according to the method of 
Cleveland et al.'*. The gel was exposed for 1 week using 
intensification as described in Fig. 1 legend. The two-dimensional 
gel pattern of cells transformed by the Bryan (BH) strain of RSV 
was essentially identical to that of the SR-A strain shown in the 
upper panels. The lane designated IP contains the pp50 protein 
immunoprecipitated from *“P-labelled RSV (SRA)-transformed 
cell lysates by TBR serum. 
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Fig. 3 Analyses of the phosphorylated amino acids associated with the 
pp50 proteins from normal and RSV-transformed chicken cells, The pp50A 
and B species were eluted from 12 two-dimensional gels of **P-labelled 
proteins from normal and RSV (SR-A) transformed cells prepared as 
described in Fig. 1 legend. The proteins were TCA-precipitated, acid- 
hydrolysed and electrophoresed at 4,000 V for 1.75h in pH 3.5 buffer 
(pyridine/acetic acid/H,O = 1:10: 189) as described previously**. Lane 1, 
pp50B from normal chicken cells; lane 2, ppS0B from RSV-transformed 
chicken cells; lane 3, ppS0A from RSV-transformed chicken cells. Phos- 
phoamino acid markers were co-electrophoresed with each radioactive 
sample, A representative ninhydrin-stained track is shown adjacent to the 
autoradiogram at the right of the figure for visualization of the marker amino 
acids (P-Ser, phosphoserine; P-Thr, phosphothreonine; P-Tyr, phos- 
photyrosine). 
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defect in the src gene. Cells were labelled with “*P-ortho- 
phosphate at either 35°C or 41°C and the pp50 bound to 
pp60"* was isolated by immunoprecipitation with TBR serum 
followed by SDS-gel electrophoresis. Figure 4a shows that the 
tryptic phosphopeptides of the pp50 protein bound to pp60*" 
cannot be distinguished at the permissive and nonpermissive 
temperatures. Minor differences in the intensities of the spots 
were not reproducible. Furthermore, phosphoamino acid 
analysis of the pp50 immunoprecipitated with pp60*" indicated 
that the tyrosyl phosphorylation of pp50 was not reduced at the 
nonpermissive temperature (Fig. 45). As a positive control, it 
was confirmed that the tyrosyl phosphorylation of pp60"* was 
temperature sensitive in the NY68-infected cells (Fig. 4b). 
Similar results (not shown) were obtained using the ts src mutant 
LA90"*. In addition, two-dimensional gel analysis of cells 
labelled at 35 °C or 41 °C indicated the presence of the pp50A 
species at both temperatures (not shown). 

Thus, we have found that pp50 is present in normal chicken 
cells as a phosphoserine-containing protein. After trans- 
formation by RSV, pp50 is phosphorylated on tyrosine as well as 
on serine. These results, coupled with the evidence that the 
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protein is associated in a complex with pp60* (ref. 8), suggest 
that pp50 may be a substrate for the protein kinase activity of 
pp60o"". 

The phosphorylation of previously identified candidate sub- 
strates of pp60™ has been shown to be temperature sensitive in 
cells infected with mutant viruses containing a ts defect in the src 
gene’ '’, The pp50 protein described here does not display such 
a temperature-dependent phosphorylation of tyrosine. 


Oppermann et al.” have obtained similar results and conclude 
that pp50 is unlikely to be a substrate of pp60°*. However, our 
previous data” on the enhanced binding of pp60** to pp50 and 
pp90 in ts virus-infected cells suggest that pp50 may display 
unique properties as a substrate of pp60°* because of the 
stability of the pp60°-pp90-pp50 interaction in ts virus- 
infected cells. The mutant pp60*™* shows an unusually strong 
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Fig.4 Phosphopeptide and phosphoamino acid analysis of pp50 associated 
with pp60™™ from cells transformed by a ts mutant RSV. Cells transformed 
by the RSV mutant, NY68 (ref. 13) were incubated at 35 °C or 41 °C for 24h 
and subsequently labelled with °P (1 mCi ml”' in phosphate-free medium) 
for 4h. Cell lysates were prepared using RIPA and §5mM EDTA, then 
clarified and immunoprec:pitated with TBR serum as described in Fig. 1 
legend, The immunoprecipitated proteins were electrophoresed on a 7.5% 
SDS-polyacrylamide gel and the pp50 and pp60 proteins eluted by incuba- 
tion in 0.05 M ammonium bicarbonate and 0.1% SDS for 16 h. The proteins 
were then precipitated three times with 20% TCA, acetone-washed and split 
into two fractions, One half of the-pp50 sample was oxidized with performic 
acid, trypsinized and electrophoresed at pH 6.0 as described previously”: 
the other half was hydrolysed in 6M HCI at 110 °C for 2 h, lyophilyzed and 
slectrophorejfh as described in Fig. 3 legend. a, Phosphopeptide analysis of 
pp50 from grown at 35 °C (left panel) arid 41 °C (eight panel). Chroma- 
tography waf performed from right to left and electrophoresis, from bottom 
to top. Theorigin is in the lower right-hand corner of each autoradiogram. b, 
Phosphoamino acid analysis of pp50 (left panel) and pp60** (right panel) 
from cells incubated at 35 °C and 41 °C. Marker phosphoamino acids were 
co-electrophoresed in each lane and visualized with ninhydrin. 
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interaction with pp50; up to 90% of mutant pp60°° is bound in a 
complex with pp50 and pp90, while at most 5% of wild-type 
pp60*° is found in this complex". Furthermore, unlike the 
pp50-pp60°™-pp90 complex containing wild-type pp60*", 
which turns over fairly rapidly, the complex containing mutant 
pp60™ is extremely stable; pulse-chase experiments indicate no 
detectable dissociation over a 5-h period (our unpublished 
data). The temperature insensitivity of pp50 phosphorylation 
might be explained by our previous observation that the binding 
of ts mutant pp60" to pp50 is very stable at the nonpermissive 
temperature; thus, it is possible that pp60°° is able to phos- 
phorylate pp50 in these conditions, although its ability to phos- 
phorylate other substrates required for transformation is 
impaired", 

The detection of the pp50A species after RSV infection does 
not seem to result from pp60 binding to an unstable phos- 
photyrosine-containing form of pp50 present in the uninfected 
cell as variations in the amount of the pp50—pp60°°—pp90 
complex in cells transformed by different strains of RSV were 
not reflected in the levels of the transformation-specific pp50A 
species. Although the pp50-pp60°°-pp90 complex was only 
minimally detectable in lysates of cells transformed by the 
Prague strain of RSV’, the amount of pp50A species found in 
these lysates was similar to that found in lysates of cells, trans- 
formed by the SR-RSV strain, which contained at least 10-fold 
greater amounts of pp60°° bound to pp50 and pp90. These 
results suggest that formation of a stable complex between pp50 
and pp60°° is not required for the detection of the phos- 
photyrosine-containing form of pp50. It also seems unlikely that 
pp50 is phosphorylated by a pp60°*-activated tyrosine-specific 
protein kinase as activation of other kinases would be expected 
to be temperature sensitive in cells infected with ts mutant 
viruses of RSV. Thus, we conclude tentatively that pp50 is a 
substrate for pp60°; further testing of this hypothesis, by 
examining the ability of purified pp60°° to phosphorylate pp50 
in vitro, awaits the purification of the pp50 species containing 
only phosphoserine (unpublished data). 

We have recently obtained evidence that pp50 and pp90 are 
physically associated with the unrelated transforming proteins 
of Fujinami sarcoma'*'? and Y73”° viruses. Furthermore, we 
have found that the phosphotyrosine, phosphoserine-containing 
form of pp50 is detectable on two-dimensional gels of *’P- 
labelled lysates from cells transformed by these viruses. This 
suggests that pp50 and pp90 may have a common interaction 
with transforming proteins which function as tyrosine-specific 
protein kinases. 

During this study we learned that T. Gilmore, K. Radke and 
G. S. Martin have also demonstrated the presence of phos- 
phoserine-containing forms of pp50 in uninfected chicken cells. 

We thank Eileen White for assistance with gels and Mike 
Chinkers and David Gates for comments on the manuscript. We 
also thank Jean Altwein and Sandi Donaldson for secretarial 
help. This work was supported by NIH grant CA27951-01. 
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Endogenous MuLV infection does not 
contribute to onset of radiation- 
or carcinogen-induced murine thymoma 
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T-cell lymphoma can be induced in mice by experimental 
infection with certain strains of murine leukaemia virus (MuLV) 
or by the action of germ-line transmitted endogenous MuLV'. 
B-cell lymphomas are induced in chickens by inoculation with 
certain strains of exogenous avian leukosis virus’. These systems 
have two common features: a requirement for actively replicat- 
ing retrovirus, and a long latency period between introduction or 
appearance of the virus and development of the tumour. Such 
features are consistent with models of transformation that 
require multiple rounds of infection either to activate cellular 
oncogenes by promoter insertion’ or to generate recombinant 
retrovirus genomes that have novel leukaemogenic activity’. 
The development of.T-cell lymphoma in mice exposed to radia- 
tion or chemical carcinogens is also marked by a lengthy latency 
period between exposure to radiation or carcinogen and out- 
growth of the tumour, and leukaemogenic MuLV is frequently 
isolated from tumour tissue“, We show here, however, that 
active infection of cells by endogenous MuL V is not essential to 
the development of thymic lymphoma in the mouse following 
exposure to radiation or chemical carcinogens. 

The germ lines of all inbred mouse strains contain multiple 
copies of MuLV sequences, hence the designation endogenous 
MuLV'’. A subset of these sequences can be expressed as 
infectious virus with an ecotropic (mouse-infectious) host range. 
Relative susceptibility to infection of mouse cells by ecotropic 
MuLV is regulated by alleles at the cellular Fx-J locus®. 
Differing alleles at the Fv-1 locus, designated » and b, divide 
inbred mouse strains into two groups, N-type mice and B-type 
mice, cells of N-type mice being more susceptible to infection by 
N-tropic MuLV and those of B-type mice more susceptible to 
B-tropic MuLV infection. As Fv-1-mediated restriction to 
infection is a dominant phenotype, mice carrying both an Fv-1" 
and an Fv-1* allele are relatively restrictive for infection by both 
N-tropic and B-tropic MuLV*. 

Genetic analysis of the effect of the Fu-1” allele on the 
incidence of lymphoma in the high incidence AKR inbred 
mouse strain showed that active infection of somatic cells by 
endogenous MuL V was required for the development of spon- 
taneous thymic lymphoma’. AKR mice carry an Fv-1" allele, 
and express N-tropic MuLV to high titres. When AKR mice 
were crossed to mice of the low lymphoma incidence BALB/c 
strain (homozygous for the Fv-1° allele), both lymphoma 
incidence and infectious MuLV titre were much lower in F, 
hybrids than in the AKR parent. Suppression of both MuLV 
expression and spontaneous thymic lymphoma was associated in 
mice of the (BALB/c AKR)F, x AKR backcross, indicating 
that the segregating Fv-1° allele coordinately suppressed both 
traits in a genetically dominant fashion. 

A similar experiment described here tested the effect of Fv-/ 
on the development of radiation-induced thymic lymphoma, to 
determine whether this form of induced thymoma also requires 
active MuLV infection. As shown in Fig. la, both the RF/J and 
BALB/cJ strains are highly susceptible to radiation induction of 
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Fig. 1 Cumulative radiation-induced thymic lymphoma in- 
cidences in various populations of mice. Female mice were exposed 
to four weekly doses of 160 rad of y-ray irradiation’ (Gammator M 
'°7Cs source, Radiation Machinery Corporation, 530 rad min” '), 
beginning at 33 +3 days old. Mice were checked daily for signs of 
lymphoma, including laboured breathing and enlarged peripheral 
lymph nodes. Mice displaying these symptoms were killed so as to 
detect the grossly enlarged thymus characteristic of this neoplasia. 
a, Populations of 28 RF/J mice (@—@), 22 BALB/cJ mice ((]—()) 
and 52 (BALB/c=xRF)F, hybrid mice (O—-O); 4, two sub- 
populations of (BALB/c x RF)F, x RF backcross mice, according 
to Fv-1 type. 48 Fe-1" homozygous mice (M—®) and 35 
Fy-1"/Fv-1° heterozygous mice (4—A). Fo-] typing was 
accomplished by typing individual mice for their alleles at 
the closely linked Gpd-1 locus'’, according to the procedure 


$ 


of Ruddle et al’. 


thymoma, but RF mice display a shorter latency of tumour 
development. RF mice carry an Fv-1” allele and express N- 
tropic MuLV, whereas BALB/c mice carry the Fv-1* allele and 
can express both N-tropic and B-tropic MuLV"°. If infectious 
spread of these MuL Vs promotes development of radiation- 
induced thymoma in their respective strains, the (BALB/c x 
RF)F, hybrid would be expected to show a lower incidence of 
radiation-induced thymoma than either parental strain, because 
the RF-derived Fv-1" allele will restrict infection of F, cells by 
the BALB/c B-tropic MuLV, while the BALB/c-derived Fou-1° 
allele will restrict infection of F, cells by the RF N-tropic MuLV. 
Despite this genetic restriction on virus infection, F, hybrids 
showed a high incidence of radiation-induced thymoma, with a 
latency intermediate between that of the two parental strains 
(Fig. la), thus indicating that restrictive Fv-1 alleles do not 
suppress development of radiation-induced thymoma. 

To measure the effect of Fv-1 in this cross more directly, the 
incidence of radiation-induced thymoma was determined in 
(BALB/c RF)F, x RF backcross mice typed for the alleles 
they carried at the Fv- locus. Fv-1" homozygous and Fv- 
!"/Fv-1° heterozygous backcross mice were identified by 
typing each backcross mouse for its phenotype at the Gpd-1 
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Fig.2 Cumulative nitrosomethylurea-induced thymic lymphoma 
incidences in various populations of mice. Female mice were 
injected weekly with NMU (2 mg ml | in SSC, 30 mg per kg body 
weight) intraperitoneally for 5 consecutive weeks, beginning at 5 
weeks of age”. Development of lymphoma was monitored as 
described in Fig. 1 legend. a, Populations of 39 RF/J mice (@—@), 
23 129/J mice (0—1), and 23 (129 x RF)F, hybrid mice (O—O); 
b, two subpopulations of the (129x RF)F, x 129 backcross, 71 
mice containing an IUdR-inducible, XC-detectable ecotropic 
MuLV genome (W—W), and 61 mice lacking this MuLV genome 
(A—A). 
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locus, which is closely linked to the Fv-1 locus (<1% recom- 
bination between the two loci)'’. The differing electrophoretic 
mobilities of the glucose-6-phosphate dehydrogenases specified 
by the Gpd-1° and Gpd-1° alleles (of RF and BALB/c, respec- 
tively)? served to distinguish Gpd-1° homozygotes (Fv-1" 
mice) from Gpd-1°/Gpd-1" heterozygotes (Fv-1"/Fv-1° mice) 
in the backcross. Figure 1b shows that these two subpopulations 
of the backcross did not differ substantially in their radiation- 
induced thymoma incidences, confirming that Fo-/ does not 
suppress the incidence of this lymphoma. 

These findings are not consistent with a requirement for active 
infection by endogenous MuLV in the development of radia- 
tion-induced thymoma. Cellular infection by both ecotropic® 
and dualtropic MCF-type MuLVs’* are sensitive to Fo-1 
restriction, and the leukaemogenic activity of endogenous 
MuLV is strongly inhibited by a restrictive Fv-1 genotype’ yet 
here no corresponding strong suppression of radiation 
lymphoma by fv-/ was observed. 

When the backcross mice were typed for their haplotype at 
H-2, the major histocompatibility complex of the mouse, no 
H-2-associated effect was observed to influence relative resis- 
tance to radiation-induced thymoma, An absence of Fv-1 and 
H-2 influences on thymoma incidence as induced by the chem- 
ical carcinogen 3-methylcholanthrene has previously been 
reported in the I/LnJ x RF cross”. 

We further assessed the contribution of endogenous mouse- 
infectious MuLV to the development of radiation- and 
carcinogen-induced thymoma. If infectious MuLV is indeed 
aetiologically involved in these induced lymphomas, one would 
expect to observe association between susceptibility to induced 
thymoma development and the segregation in appropriate 
genetic crosses of those murine genes that code for mouse- 
infectious MuLV. The 129xRF cross was chosen for study 
because RF mice express endogenous ecotropic MuLV’” but 
129 mice have never been observed to do so`. Although 129 
mice contain multiple copies of endogenous MuLV genes’, and 
indeed express virus-coded antigens in vivo'’, their DNA lacks a 
specific portion of the endogenous ecotropic MuLV genome’® 
and hence complete infectious ecotropic MuLV is not 
elaborated in 129 tissue. Furthermore, we have observed that 
RF mice contain a single locus governing iododeoxyuridine 
(IUdR)-induction of XC-detectable ecotropic MuLV. Such loci 
are thought to represent structural genomes of endogenous 
MuLV'"*. The conclusion that RF mice carry a single replication- 
competent ecotropic MuLV genome was reached by in vitro 
IUGR treatment of cultures of tail explant fibroblasts obtained 
from individual mice of the (129 RF)F,x129 backcross, 
followed by detection of MuLV production by these cells using 
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Fig. 3 Cumulative radiation-induced thymic lymphoma in- 
cidences in various populations of mice. Female mice were exposed 
to y-ray irradiation and monitored for development of thymic 
lymphoma as described in Fig. 1. legend. 22 RF/J mice (O-O), 11 
129/J mice (M@—), 19 (129 x RF, hybrid mice (A—A) and 197 
(129 x RF)F, x 129 backcross mice (A—A). Only one of the eleven 
129/J mice developed thymoma, and thus this result is presented as 
a single point. 
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the XC assay’’. This procedure has been described by Lander er 
al.”’, and detects the presence of ecotropic MuLV in all RF and 
(129x RF)F, mice, but not in 129 mice. In a population of 
(129 x RF)F, x 129 backcross mice, tail cultures from 72 of 132 
mice tested were virus-positive, demonstrating the segregation 
of a single RF-derived ecotropic MuLV locus in the cross. Note 
that this assay says nothing about the manner or quantity of 
expression in vivo of ecotropic MuLV in the mice tested. It 
merely detects the presence of a replication-competent ecotro- 
pic MuLV genome while allowing individual mice to be tested 
concomitantly for radiation and carcinogen-induced thymoma 
development. In contrast to the BALB/c x RF cross described 
above, RF and 129 mice do not differ with respect to their Fv-1 
genotype®, and RF ecotropic MuLV expression will not be 
restricted in this cross as compared with the parental RF strain. 

Figure 2a shows that both RF and 129 mice are highly 
sensitive to induction of thymoma by the chemical carcinogen 
N-nitrosomethylurea (NMU), and that RF mice display a shor- 
ter latency of tumour development than do 129. F, hybrid mice 
have an intermediate latency. The high incidence of NMU- 
induced thymic lymphoma in the 129 strain, albeit at later ages 
than RF, in itself demonstrates that cellular infection by eco- 
tropic MuL V is not required for the development of this induced 
lymphoma, because, as mentioned above, 129 mice lack this 
viral activity. When the incidence of NMU-induced thymoma 
was compared in (129 x RF)F, x 129 backcross mice either car- 
rying or lacking a replication-competent ecotropic MuLV 
genome, as typed by IUdR induction of tail explant fibroblast 
cultures followed by detection of MuLV expression using the 
XC plaque assay*’, the two subpopulations of the backcross 
showed virtually identical incidences (Fig. 26). This indicates 
that the RF ecotropic MuL V locus detected here does not seem 
to be a major determinant in the short latency of NMU-induced 
thymic lymphoma in RF mice. 

Figure 3 shows that RF mice are much more sensitive to 
radiation-induced thymoma than are 129 mice, and that F, 
hybrid mice also develop a high incidence of this tumour. A 
population of (129 x RF)F, x 129 backcross mice was exposed 
to radiation (Fig. 3), and backcross mice that developed thymic 
lymphoma were randomly tested for the presence of the RF 
TUdR-inducible ecotropic MuLV locus. Only 22 out of 37 
lymphomatous backcross mice tested were seen to carry the RF 
ecotropic MuLV locus, a result not significantly different from 
that expected from random segregation of this locus in the 
lymphomatous population, and indicating that the locus is not a 
major factor in determining susceptibility to radiation-induced 
lymphoma. 

These findings point to a basic difference between the 
aetiologies of spontaneous and carcinogen- or radiation- 
induced thymoma. The spontaneous occurrence of this tumour 
is associated with expression of endogenous mouse-infectious 
MuLV activities, including both XC-positive’ and XC-nega- 
tive*’ ecotropic MuLVs and dualtropic MCF MuLV"™. The 
present data indicate that both carcinogen- and radiation- 
induced thymoma develop in the absence of replication- 
competent XC-positive ecotropic MuLV activity. The depen- 
dence of spontaneous thymoma development on actual 
infectious events has been previously indicated by its marked 
susceptibility to suppression by a restrictive Fv-1 allele’. In 
contrast, neither carcinogen- nor radiation-induced thymoma 
development is sensitive to suppression by Fv-1. This indicates 
that those infectious viral events that are aetiologically involved 
in development of spontaneous thymomas are not required for 
the development of induced thymomas. Finally, note that the 
possible importance to the development of induced thymomas 
of endogenous MuLV antigen expression in the absence of 
infectious virion production” has not been addressed here, and 
remains a viable hypothesis. 
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Mouse mammary tumour virus (MMTV) is a type B retrovirus 
that may be transmitted either by somatic cell infection via 
infectious virus borne in mother’s milk or vertically by passage 
of virus-specific sequences in the germ line. Endogenous viral 
sequences act as stable genetic loci’ and are found in all inbred 
mouse strains studied. Available data suggest that, in general, 
strains exhibiting only endogenous virus have a low tumour 
incidence whereas a high tumour incidence occurs in strains 
carrying milk-borne MMTV, in addition to germ-line 
sequences. However, as removal of the milk-borne virus does 
not completely eliminate tumours, endogenous proviral 
sequences may also be involved in tumorigenesis’ *. Recent 
results have shown that proviral sequences acquired from milk 
are undermethylated (low 5-methylcytosine content), whereas 
endogenous MMTV sequences are highly methylated. An 
inverse relationship between proviral methylation and tran- 
scriptional activity has also been demonstrated**. This model 
suggests that an important mechanism of MMTV-induced 
tumorigenesis in uninfected mice (those lacking milk-borne 
MMTV) may involve derepression of endogenous proviruses, 
possibly through demethylation of these sequences. Here we 
show that the methylation pattern of endogenous virus 
sequences is specifically altered during tumorigenesis in unin- 
fected mice. 

Several tumours occurring in BALB/c mice were studied both 
for the acquisition of new MMTV proviral sequences and for 
demethylation of endogenous viral sequences. As tumours 
occur infrequently in this strain, those derived from the D1 
series cf hyperplastic outgrowth lines developed by Medina’ 
were used. These tissues (supplied by R. Cardiff) are trans- 
plantable and are analogous to the pre-neoplastic nodules 
commonly seen in the mammary gland. Outgrowth lines are 
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Fig. 1 EcoRI digestion of DNA for liver and mammary tumours of the 
BALB/c mouse strain. DNA was extracted by placing tissue in DNA 
extraction buffer (0.2 M Tris-HCI pH 8.1,0.01 M EDTA pH 7.0, and 0.1 M 
NaCl) and homogenized using a motor driven, Teflon-glass Dounce homo- 
genizer. Protein was removed by incubation at 37 °C for 12 h with proteinase 
K (100 g ml~') and SDS (1%) followed by phenol-chloroform (2: 1) extrac- 
tion. DNA was spooled on to a glass rod by addition of 0.2 M sodium acetate 
and two volumes of cold ethanol. DNA was resuspended in 0.005 M 
Tris-HCI pH 7.4 and 0.1 mM EDTA pH 7.0 and concentration determined 
by UV absorption. Each sample (10 pg) was digested to completion by 
EcoRI (12-fold excess) as determined by using A bacteriophage DNA as an 
external control. Samples were electrophoresed in 0.8% agarose in a buffer 
containing 0.02 M sodium acetate pH 7.0, 0.018 M NaCl and 0.002 M 
EDTA. Bromophenol blue was used as a tracking dye which was elec- 
trophoresed 20cm. “*P-labelled, HindIII-digested A bacteriophage DNA 
was run in parallel as a molecular weight marker. Following electrophoresis 
DNA was transferred to nitrocellulose sheets (Schleicher & Schuell) by the 
method of Southern'’ using modifications as described previously*. Virus- 
specific bands were detected by hybridization with **P-labelled, represen- 
tative, complementary DNA (cDNArep) synthesized using calf thymus 
primers to initiate DNA synthesis by reverse transcriptase on a cloned 
MMTV DNA template. The hybridization buffer included 50% formamide, 
Denhardt's buffer'', 20 gml ' salmon sperm DNA, 0.05 M HEPES buffer 
pH 7.0, and 3xSSC (SSC=0.15M NaCl, 0.015M Na citrate). After 
hybridization at 41 °C for 48 h, filters were washed as described previously” 
and bands detected by autoradiography using Kodak XAR-5 X-ray film with 
Cronex Lightning Plus intensifying screens at -70 °C, EcoRI was used to 
digest DNA from BALB/c liver (lane a), Di mammary tumours 997, 968 
and 599 (lanes b-d, respectively) and the transplanted mammary tumour 
1247 (lane e). Molecular weight in kilobases was determined by inclusion of 
HindII1-digested A bacteriophage DNA (not shown). 


transplanted into young females along with pituitary isografts to 
facilitate tumour development. 

Virus-specific sequences were detected using the method of 
Southern” following digestion of DNA with EcoRI, which has a 
single restriction site within the full-length MMTV genome. 
Therefore, cleavage by this enzyme generates from each pro- 
virus two virus-specific fragments whose sizes depend on the 
integration site of the virus in the host genome (thus, fragment 
length is determined by the nearest EcoRI site in cellular DNA). 
Using this technique we determined that BALB/c mice contain 
three endogenous MMTV proviruses, designated units I, II and 
III; units II and III are full length and unit I is subgenomic. 

Figure la is an EcoRI digest of uninfected liver? DNA, 
showing the five previously mapped endogenous virus-specific 
fragments which range in size from 6.7 to 16.7 kilobases (kb). 
Unit I is included in the 16.7-kb fragment, unit II in fragments of 
8.5 and 7.0 kb and unit III in the 10.0- and 7.8-kb fragments. 
Examination of DNA from BALB/c tumours (Fig. 1b-e) 
reveals virus-specific fragments identical to those found in liver 
DNA. Because mammary tumours are clonal’ and acquisition 
of MMTV proviruses is known to be a random event in the 
mouse genome’, the failure to find additional EcoRI fragments 
whose size is dependent on site of integration (see above and ref. 
11) indicates that only the genetically transmitted viral 
sequences are present. Therefore, infection and re-integration 
of MMTV DNA, although facilitating mammary carcinogenesis, 
is not essential. 
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The level of 5-methylcytosine in virus-specific sequences was 
probed using the restriction enzymes Mspl and Hpall, iso- 
schizomers which recognize the sequence 5'CCGG. Because 
MspI will cleave this sequence regardless of methylation of the 
internal cytosine residue, while Hpall is inhibited by methyl- 
ation at this site’’*, digestion of cellular DNA with these 
enzymes differentiates methylated from non-methylated sites. 
Figure 2 shows MspI and Hpall digestion of BALB/c liver and 
D1 tumour DNAs. MspI digestion of liver DNA (Fig. 2a) 
generates a series of virus-specific fragments of 0.2-8.4 kb (ref. 
5). Hpall-cleaved BALB/c liver DNA, on the other hand, 
demonstrates extensive methylation of all viral fragments, as 
evidenced by the single high molecular weight (>15 kb) virus- 
specific fragment. Hpall digestion of D1 tumour DNAs (Fig. 2d, 
f, h), however, generates two virus-specific bands of 2.1 and 
1.4 kb. Therefore, sites in MMTV proviruses methylated in 
DNA from both uninfected liver and lactating mammary gland 
(Fig. 26, and ref. 5) are demethylated during mammary 
carcinogenesis in the BALB/c mouse strain. 

We determined the origin of the 2.1- and .1.4-kb Hpall 
fragments by comparing MspI digests from various inbred 
mouse strains, as MMTV proviral units vary between different 
strains’. Comparison of the previously published* MspI diges- 
tion of DNA from the CBA/CaJ mouse strain (which includes 
units II and III) with that obtained with DNA from BALB/c 
(which includes units I, II and III), indicated that the 2.1- and 
1.4-kb MspI—Hpall fragments are derived from the subgenomic 
unit I. 

Hpall digestion of DNA from BALB/c mammary tumour 
1247 (not shown) produced several virus-specific fragments in 
addition to those derived from unit I, indicating that demethyl- 
ation of other endogenous proviruses has occurred in this 
tumour. The origin of these additional sites of demethylation in 
tumour 1247 was identified by EcoRI—Hpall double digestions. 
By determining which EcoRI bands are sensitive to further 
cleavage by Hpall, one can ascertain the proviral units being 
demethylated during tumorigenesis (Fig. 3). This is possible in 
the BALB/c strain because all EcoRI fragments are mapped to 
specific units of MMTV proviral DNA’. 





Fig. 2 Methylation of MMTV sequences in BALB/c liver and mammary 

tumours. DNA from either liver (lanes a, b) or D1 mammary tumours (lanes 

c-h) were digested with either the methyl-insensitive isoschizomer Mspl 

(lanes a, c, e, g) or methyl-sensitive Hpall (lanes b, d, f, h) and virus-specific 
bands analysed as described in Fig. 1. legend. 
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Fig.3 Characterization of demethylated sequences in mammary tumour 

1247. DNA from tumour 1247 was digested with either EcoRI (lane a) or 

sequentially with EcoRI and either Mspl (lane b) or Hpall (lane c) and 
virus-specific fragments were detected as described in Fig. 1. legend. 


Cleavage of MMTV -specific EcoRI fragments by the methyl- 
insensitive isoschizomer Mspl (Fig. 3b) indicates the presence of 
Mspl-Hpall sites in all fragments. Double digestion with EcoRI 
and Hpall (Fig. 3c) reveals demethylation of specific proviral 
sequences, The 8.5- and 7.8-kb fragments remain methylated as 
evidenced by their presence in the EcoRI-Hpall double diges- 
tion. The 16.7, 10.0- and 6.7-kb EcoRI fragments, however, are 
demethylated because, whereas MsplI—Hpall sites in BALB/c 
liver are highly methylated, resulting in no cleavage of any 
EcoRI fragments by Hpall (data not shown), tumour 1247 
showed a specific loss of methylated bases from these three 
fragments. Previous data? mapping restriction endonuclease 
sites on the endogenous MMTV proviruses of BALB/c mice 
revealed that the 8.5- and 7.8-kb EcoRI fragments are derived 
from the 5’ ends of units III and II, respectively. Two of the 
remaining three EcoRI fragments (10.0 and 6.7 kb) which are 
cleaved by the methyl-sensitive Hpall are derived from the 3’ 
ends of units II and III. The 16.7-kb EcoRI fragment is obtained 
from the subgenomic, 3’ sequence containing unit I. Thus, 
spontaneous BALB/c tumours studied show the specific 
demethylation of virus-specific sequences derived from the 3’ 
region of the viral genome. Recent sequencing data’? indicate 
the presence of Hpall cleavage sites in the long terminal repeats 
(LTRs) of several MMTV proviruses which seem to be identical 
to units II and III. The demethylation event occurring in tumour 
1247 is thus extremely specific, as it distinguishes between two 
direct repeats occurring at each end of these two proviruses’. 
The significance of these additional demethylation events in 
tumorigenesis of this particular tumour is unclear, because in 
other tumours demethylation of only unit I was observed. 

Previous studies'*"° have indicated that, at each end of 
retroviral DNA, sequences from the 3’ end of the viral genome 
are repeated along with a short sequence from the 5’ region. In 
MMTV this LTR is 1,200 base pairs long and contains an open 
reading frame capable of encoding’? a protein of molecular 


weight 38,000. As hypomethylation correlates with gene 
expression, the demethylation observed in these spontaneous 
BALB/c tumours may represent activation of this gene. 
However, no protein derived from this open reading frame has 
been identified. 

Another possible explanation for the specific demethylation 
of these sequences during mammary carcinogenesis involves 
promoter activation. The promoter for transcription of the 
retroviral genes apparently resides in the 3' sequences of the 
LTR'”'*, and it has been suggested that carcinogenesis occurs 
through a mechanism of cell transformation referred to as 
oncogenesis by promoter insertion, that is, that the introduction 
of the viral promoter (in the LTR) allows transcription of 
cellular sequences associated with the 3’ end of the provirus. The 
present results suggest that in addition to transformation by 
promoter insertion that may occur during exogenous MMTV 
infection, carcinogenesis by promoter derepression may occur. 
This is supported by the observed demethylation of either the 
defective MMTV sequence (unit I) or specifically the 3’ half of 
the nondefective proviruses (units II and III), as decreased levels 
of methylation are known to correlate with increased tran- 
scriptional activity of MMTV** and other eukaryotic genes'?”°. 

This work was supported by American Cancer Society grant 
MV-65. 
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Recent studies' have demonstrated that eukaryotic simian virus 
40 (SV40) genes carried in a bacterial plasmid can be directly 
transferred into mammalian cells in culture; after polyethylene 
glycol (PEG)-induced fusion with bacterial protoplasts, a frac- 
tion of the recipient cells yielded infectious virus. We have now 
investigated whether this procedure can also produce stable 
transformants. We report here that the efficiency of focus 
formation after transfer of either polyoma virus or SV40 early 
genes was at least equal to that observed after infection with 
virions. At high ratios of bacteria/recipient cells, all the cells 
were observed to express the early viral proteins 48h after 
fusion. In optimal conditions, transfer by fusion thus seems to be 
10- to 20-fold more efficient than DNA transfection by the Ca** 
co-precipitation technique’ for the introduction of foreign genes 
into eukaryotic recipients. 





0028-0836 /82/030257—03$01.00 


© 1982 Macmillan Journals Ltd 


258 


Nature Vol. 295 21 January 1982 





Escherichia coli (strain 1106; ref. 3) carrying one of the 
plasmids listed in Table 1 were grown to a density of 2 x 10* cells 
per ml. Chloramphenicol was added at a final concentration of 
200 ug ml”! and the cultures were aerated overnight. Aliquots 
(10 ml) were centrifuged and the bacteria resuspended at 0 °C in 
100 wl of 50mM Tris-HCI buffer, pH 8.0, containing 20% 
sucrose; 20 yl of a freshly made solution of lysozyme 
(10mg ml"’; Boehringer) were added and the suspension 
incubated at 0°C for 10 min. After addition of 50 pl of 0.25 M 
EDTA, the suspension was diluted by progressive addition of 
1.3 ml of 50mM Tris-HCI! buffer, pH 8.0, containing 9% 
sucrose. Microscopic examination indicated that >90% of the 
bacteria were converted into protoplasts. The recipient cells 
were grown in Dulbecco’s modified Eagle’s medium (DMEM, 
Gibco) in 35-mm Petri dishes to a density of 2x 10° cells per 
plate. The medium was removed and the cells were washed once 
with 2 ml of Tris-buffered saline solution, 2 ml of the protoplast 
suspension were added to the plates and centrifuged onto the 
cell layer (1,500 r.p.m. for 3 min). The supernatant was removed 
and 0.5 ml of a 48% solution of PEG 1,000 in DMEM (48 g 
PEG dissolved in 52 g DMEM) was added. After 1 min at room 
temperature, the cells were washed carefully five times with 
Tris-buffered saline before being returned to the growth 
medium (DMEM supplemented with 10% newborn calf serum 
(Gibco)). The medium was changed on alternate days and the 
cultures were checked after 10 days for the appearance of foci. 

As shown in Fig. 1, transformed foci were observed after 
fusion of FR3T3 rat cells* with bacteria carrying plasmid pPY-1. 
This plasmid includes a full-size wild-type polyoma virus 
genome recombined with pBR322 at the BamHI site in the late 
viral region. No foci were produced after fusion with bacteria 
carrying an intact pBR322 plasmid, and results obtained with 
recombinants carrying various polyoma virus mutants were 
always in agreement with the known transforming ability of the 
viral genes present in the plasmid (Table 1): cleavage of polyoma 
virus DNA by recombination at the EcoRI site in the early 
region did not interfere with its transforming ability (plasmid 
pTS25E), as previously demonstrated after DNA transfec- 
tion”, whereas no transformants were produced using the 
cloned genome (pNG-1) of a transformation-defective hrt 
mutant®. The efficiency of focus induction was ~40 trans- 
formants per 2 x 10° cells at an input ratio of 10* protoplasts per 
cell (Fig. 1). Identical efficiencies were observed (data not 
shown) after fusion of protoplasts carrying either polyoma or 
SV40 early genes in pBR322 plasmid (plasmids pPY-1 and 
pSV-1;see Table 1) with both mouse and rat embryo fibroblasts 
in primary cultures, suggesting an equally high frequency of 
gene transfer. These values are comparable with those observed 
after infection of the same cells with high multiplicities of viral 
particles’. 

As 90-100% of the cells expressed the early proteins (T anti- 
gens) after virion infection, the relatively high efficiency of 
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Fig. 1 Efficiency of focus formation after fusion of FR3T3 cells 
with bacteria carrying genomic polyoma virus DNA inserted in 
pBR322. Focus formation was measured as described in ref. 4. 
Abscissa, ratio of number of bacterial protoplasts to number of 
cells. Ordinate, number of foci per 35-mm Petri dish (2 x 10° cells). 
The different symbols represent results obtained in three separate 
experiments. 
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Fig.2 Expression of the early viral antigens after fusion of FR3T3 
(A) and CV1 (@) cells with bacteria carrying SV40 early genes 
inserted in pBR322. 


focus formation after fusion suggested a comparable high 
frequency of gene transfer. This frequency was measured 
directly by immunofluorescence determination on fixed cells 
after transfer of the early region of SV40 (plasmid pSV-1; see 
Table 1) into either permissive CV1 cells or non-permissive 
FR3T3 cells. Results are shown in Fig. 2. As many as 100% of 
CV1 nuclei were stained at a bacteria/recipient cell ratio of 
~10*. The dose-response curve exhibited a different slope in the 
case of FR3T3 rat cells, the efficiency of transfer being about 
one-half that observed for CV1. 

Further studies are needed, as such differences between cell 
lines may reflect different efficiencies of the fusion process; they 
may reflect different efficiencies of expression after transfer of a 
given gene (for example, FR3T3 cells are non-permissive 
whereas CV1 cells are fully permissive for the development of 
SV40 virus). Frequencies of T-positive cells >50% were obser- 
ved in FR3T3 cells at an input ratio of 3 x 10° bacteria per cell. It 
may be technically difficult to increase this ratio further, because 
a significant fraction of the cells are killed at very high 
bacteria/cell ratios. 

The transfer frequencies observed were at least one order of 
magnitude higher than those after DNA transfection, which is 





Table 1 Efficiency of focus formation after fusion with recipient cells of 
protoplasts carrying various viral DNA fragments in different plasmids 


Focus 
formation 
Insertion (foci per 
Viral DNA site in 2x 10° 
Plasmid fragment pBR322 cells)* 
pBR322 None — 0 
pPY-1 Genomic polyoma DNA BamHI 40 
(wild-type A2 strain) 
cleaved at the BamHI site 
pTS25E Genomic tsa25E polyoma EcoRI 25- 
DNA cleaved at the EcoRI 
site 
pNG-1 Genomic polyoma hrt NG BamHI 0 
18 mutant cleaved at the 
BamHI site 
pMC-2 Wild-type polyoma A2 EcoRI, BamHI 0 
sequences from BamHI to 
EcoRI sites (distal parts of 
early and late genes) 
pSVv-1 Wild-type SV40 sequences — EcoRI 32 


from BamHI to Hpall sites 
(complete early region) 


Plasmids pPY-1, pTS25E, pNG-1 and pMC-2 were constructed in 
our laboratory by the usual procedures (P. Clertant and M. Canning, 
unpublished results); plasmid pSV-1 is described in ref. 10 and was 
obtained from Dr C. Benoist. A2 strain polyoma DNA, see ref. 11; 
mutant tsa2 SE, ref, 12; mutant Art NG 18, ref. 8. 

* FR3T3 cells were fused with bacterial protoplasts as described in the 
text. 
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restricted to only a few ‘competent’ cells’. In our experiments, 
transfer of either polyoma or SV40 virus early genes by the Ca?* 
co-precipitation technique produced 5-10% T antigen-positive 
cells at high doses of DNA (10 wg per 10° cells). 

The frequency of T-positive CV1 cells after fusion was also 
15- to 20-fold higher than that reported in comparable experi- 
ments’. A-systematic analysis of the parameters involved (data 
not shown) indicated that the extent of lysozyme treatment was 
critical. As expected, incomplete conversion into protoplasts led 
to reduced frequencies of transformation. The same result was 
also observed, however, for prolonged lysozyme attacks which 
led to the lysis of a fraction of the protoplasts, apparent from the 

increased viscosity of the suspension. On the other hand, the 
‘chloramphenicol amplification step seems to be essential: in 
several cases where this step was omitted, using either pBR322 
or pAT153 plasmid, no transformants were produced after 
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fusion (data not shown). However, as these points were checked 
in previous experiments (W. Schaffner, personal communi- 
cation), another important parameter that must be considered is 
the choice of bacterial strain. Although we cannot provide 
comparative data, it is possible that the strain used here (E. coli 
1106) is more efficient than others, for example, E. coli HB101 
(ref. 1), in producing stable protoplasts. 

Biohazards associated with the experiments described here 
have been examined previously by the French National Com- 
mittee and the experiments were carried out according to the 
rules established by this Committee. 
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Viroids are circular molecules of single-stranded RNA consist- 
ing of ~360 nucleotides'’, and the mechanism by which these 
smallest of all known infectious agents replicate in host cells has 
been extensively studied. Earlier work suggested that viroids 
replicate using DNA intermediates’, but rigorous hybridization 
experiments** failed to detect DNA complementary to potato 
spindle tuber viroid (PSTV) in infected plants, and there is no 
specific inhibition of viroid synthesis“ by actinomycin D. There is 
strong evidence that the replication of viroids involves RNA 
intermediates. Citrus exocortis viroid (CEV)'*-infected and 
PSTV -infected*”™™ tissues have been shown to contain RNA 
that is complementary to the infecting viroid, and recently it was 
shown that DNA-dependent RNA polymerase II, isolated from 
tomato, will produce full-length complementary copies of 
purified viroids in vitro''. Because much of the RNA comple- 
mentary to CEV was shown to be double stranded, it could be 
anticipated that viroid-infected tissue contains unique species of 
double-stranded RNA (dsRNA). Using serologically specific 
electron microscopy’, we have now detected molecules of 
circular dsRNA in crude extracts of PSTV-infected tomato. 
These molecules have contour lengths that would be expected 
for a double-stranded intermediate of PSTV. 

Using antiserum to dsRNA, serologically specific electron 
microscopy was used to demonstrate the involvement of dsRNA 
in the replication of tobacco mosaic virus’*. Similar assays of 
PSTV -infected tomato tissue revealed several linear and relaxed 
circular molecules of dsRNA, whereas extracts of healthy 
tomato tissue contained a similar number of linear molecules of 
dsRNA but approximately 10 times fewer circular molecules. 

Tomato (Lycopersicon esculentum cv. Rutgers) leaves were 
powdered with liquid nitrogen and ground with 0.1 M Tris-HCl 
pH 8.0, containing 10mM Na, EDTA (Tris) (1 ml perg of 
tissue). The following steps were done at room temperature. 
Electron microscope grids with carbon-reinforced Formvar 
films were floated on antiserum to dsRNA, diluted 1/500 with 
Tris, for 30 min. After washing with Tris the grids were placed 
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Fig.1 Histograms of the circumference of circular dsRNA found 

in extracts of PST V-infected (a) and healthy ($) tomato tissue. 

Electron micrograph negatives of grids prepared as described in 

the text were projected and the circular forms were traced and 

measured. We measured a total of 50 molecules from 18 negatives 

of healthy and 100 molecules from 3 negatives of PSTV-infected 
tissue extracts. 


on drops of extract for 2.5 h. The grids were washed with Tris 
and distilled water, dipped in 95% ethanol for 30 s, rinsed with 
distilled water and placed on drops of 0.1 mg ml”! cytochrome c 
in Tris for 15 min. The grids were washed with distilled water 
and placed on drops of 0.01 M phosphate pH 7.2 for 15 min, 
then removed from the phosphate and held for 30 s in a stream 
of drops of 1% aqueous uranyl acetate from a motor-driven 
syringe equipped with a 0.2-um filter. They were rinsed by 
touching to a drop of distilled water for 1 s and blotted dry, then 
examined under the electron microscope. 

The assay was specific for dsRNA: neither circular nor linear 
forms were seen when normal serum or antiserum to a DNA- 
RNA hybrid were used in the assays. Moreover, the anti- 
dsRNA serum used (provided by R. M. Lister) does not react 
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with DNA or single-stranded RNA‘. Assays of PSTV pre- 
parations purified by polyacrylamide electrophoresis’? were 
negative, confirming an earlier report that PSTV does not react 
with antiserum to dsRNA”. 

The length of denatured PSTV has been shown to be 100 nm 
(ref. 17) and 110 nm (ref. 18). Using a linear density of 2.4 x 10° 
daltons m`! for dsRNA and a mass of 250,000 daltons, the 
calculated length of a dsRNA intermediate of PSTV is 104 nm. 
These lengths compare well with the modal circumference of 
110 nm found for the circular dsRNA from PSTV -infected 
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tissue (Fig. 1a). The random distribution of sizes of the circular 
molecules of dsRNA found in healthy tissue suggests they may 
be closures of linear dsRNA (Fig. 15). 

With spherical viruses, the detection limits of serologically 
specific electron microscopy have been shown to be 10” virions 
per ml (ref. 19). As the number of circular forms attaching to 
grids decreases rapidly on dilution, the concentration of circular 
dsRNA in viroid-infected tissue must be of similar magnitude, 
which is consistent with the low rate of viroid accumulation'’* in 
the plant. 
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Although an increasing number of detailed DNA sequence 
studies are being carried out, little is known about the long- 
range organization of the eukaryotic genome in relation to 
chromosomal organization and to functional units of tran- 
scription, replication, meiotic crossing-over and nuclear archi- 
tecture. Based on electron microscope (EM) observations of 
partially denatured DNA of duck, mouse and rat, we have 
recently reported a systematic punctuation of DNA by early 
melting zones (‘A+ T-rich linkers’)' ~800 base pairs (bp) long 
which are either clustered or at intervals of 10-40 kbp. In an 
attempt to correlate this feature with the organization of specific 
genes, we examined cloned genomic DNA from chick and 
Drosophila, including the globin gene family, and an isolated 
high-molecular-weight mRNA. We show here that the chick 
a-globin gene cluster is framed by a cluster of A + T-rich linkers 
at the 5’ end and by an isolated linker at the 3’ end which maps 
close to the sites of transcription termination and DNase hyper- 
sensitivity. The resulting frame of ~15 kbp correlates well with 
the maximum size of globin gene transcripts found at the 
pre-mRNA level. The 8 -globin gene cluster is also framed, 5’ by 
a single A+ T-rich linker and 3’ a cluster of four linkers. In 
Drosophila, the single mRNA sequence of ~3.3 kbp for the 
ecdysone-inducible P1 protein is similarly delimited by A+T- 
rich linkers. A+ T-rich linkers thus seem to define domains of 
the eukaryotic genome which may correlate with putative 
functional units. The specific organization observed in total 
DNA of duck, mouse, rat, man, chicken and Drosophila is 
confirmed in gene-specific cloned genomic DNA. 

Cloned genomic recombinants including the œ- and B- globin 
gene clusters were taken from the chicken ‘library’ of Dodgson 
et al”. The globin genomic maps shown in Fig. 1 are based on 
recent publications’” and unpublished data (J. Dodgson, 
personal communication). Justification of the experimental 
approach and general methods of partial DNA denaturation and 
spreading for EM have been reported previously’. Briefly, 
individual recombinant DNA cloned in A Charon 4A, was 
denatured at a concentration of 0.5-0.8pgml™’ by 85% 
formamide (24.5°C), spread by the Kleinschmitt technique, 
taken up on collodium-coated grids, shadow-casted with 
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palladium/platinum and observed in a Siemens Elmiscope 101 
at a primary magnification of x 10,000. The length of the DNA 
molecules and the positions of melted regions were measured 
and statistically analysed by a digitizer branched on a HP 9830 
calculator. Figure 2 shows two examples of the original micro- 
graphs of such partially denatured DNA molecules. 

To determine the 5’-3' orientation with respect to the mRNA 
sequences and to begin compilation of denatured regions, we 
used the characteristic denatured regions in the short arm of the 
A vector DNA serving also as a very precise ‘internal ther- 
mometer’. Out of hundreds of molecules observed, a random 
sample of 20-30 full-length recombinants was measured for any 
one clone. The data were then realigned with one of the dena- 
turations observed in the chicken DNA inserts so that the 
position of the melted regions could be plotted precisely. The 
accuracy of the measurements was of the order of 0.03 nm or 
~ 100 bp. For both a- and B- globin, three recombinants cover- 
ing all the known chicken globin genes were analysed. In the 
case of a-globin, the recombinant DNA available comprised the 
whole gene domain, whereas in the case of B-globin an inter- 
ruption of 2.1-4.5 kbp (see below) in between "8 and “8 
escaped cloning (J. Dodgson, personal communication). 

Figure 1 shows the results of this analysis. The a-gene-type 
clones, ACa G2, aG5 and a G6, all contain A+ T-rich linkers. 
Starting from the 5’ end (to the left) of the messenger strand, the 
map starts with a cluster of three denatured regions of lengths 
2,040 (possibly originating from two closely placed linkers), 
1,050 and 1,350 bp, separated by 520 and 350 bp respectively of 
undenatured DNA. The next A+ T-rich linker of 1,140 bp is 
found after the 15.0 kbp of DNA spanning all of the a-globin 
genes; another A+ T-rich linker of 650 bp is located after a 
further 7.5 kbp of DNA, which includes an unknown region. 
The cluster of A+ T-rich linkers occurs 6.5 kbp upstream from 
the embryonic v gene; this area includes 7’, a further unmapped 
a-type gene (J. Dodgson, personal communication). In the 3’ 
direction, the single linker bordering the a- globin gene domain 
is 4.0 kbp downstream from the most 3’“a@ gene. Immediately 5' 
to the r gene we detected another mildly denaturing sequence 
of ~ 890 bp; however, in view of its low frequency of denatura- 
tion it seems to be qualitatively different from the 8004200 bp 
A+T-rich linkers defined previously’. 

The gap in the B-gene domain for which no cloned recom- 
binants were available was determined to be 2.1 kbp in the 
White Leghorn chicken? and 4.5 kbp in the Brown Leghorn 
chicken (L.M., unpublished); as we found a value of 2.1 kbp for 
this region in a further stock of chicken, this area seems to be one 
of genomic variability. Nevertheless, it is unlikely to contain 
another B-type globin gene. 

Partial denaturation of the DNA of three -globin recom- 
binants gave the following result. Starting at the 5’ end, a single 
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Fig.1 Globin gene map showing the genomic positions of A + T-rich linkers determined by partial denaturation of cloned recombinant DNA. Insets a-2, a -5, a-6, 

8-1, 8-2 and 8-3 show the histograms of frequency of denaturated areas observed plotted against their map position in the cloned DNA, oriented in relation to the 

long/short arms of the phage DNA. These measurements were realigned against one of the internal denatured zones: means of frequency of occurrence and size of the 

A + T-rich zones were calculated and represented in the figure by hatched areas and the bp numbers for any one linker. The genomic maps are taken from refs 4 and 5; 

from the latter came the positions in the globin domain of an area highly resistant to DNase I (z) and of hypersensitive areas in the a -globin gene domain (x, y}. Solid 

arrows mark the positions of methylated Msp sites; other restriction enzyme sites used to align the various cloned recombinant DNA: A, HindIII: &, EcoRI: @, 
BamHI). Recombinants from the chick genomic library were ACaGZ, -G5, -G6 and ACBG1, -G2, -G3 (refs 3, 4). 


610-bp linker was observed, which may be part of a cluster 
placed further upstream, outside the cloned area. With the 
possible exception of a very rarely denaturing site 430 bp long, 
there is no other A+T-rich linker in the 14.0-kbp domain 
covering the embryonic p and "8 genes, which is limited to 5’ by 
the interruption. Beyond this gap there is another 9.0-kbp 
undenatured stretch covering the adult “8 and embryonic e- 
globin genes before a cluster of four consecutive linkers of 740, 
800, 980 and 520 bp, separated by 0.94, 1.6 and 2.3 kbp 
respectively. 

In a second approach we analysed a Drosophila gene which 
does not belong to a gene family comparable with that of the 
globins and which codes for the fairly high-molecular-weight 
(110,000) ecdysone-inducible P1 protein of the fat body. Its 
~3.5-kbp mRNA has been mapped on cloned genomic DNA to 
the 70 D1-3 region (H. Brock, personal communication) of the 
3L polytene chromosome; the gene contains no intervening 
sequence”, 

Partial melting of genomic DNA cloned in phage A Charon 4, 
carried out as in the experiments reported above, shows that this 
area is particularly rich in clusters of A+T-rich linkers (not 
shown); total embryonic Drosophila DNA shows melting 
patterns generally analogous to those of birds and mammals (ref. 
1 and J.M., in preparation). The P1 gene maps in the middle of 
the phage A Charon 4 recombinant ADm 117: the central 
fragment delimited by HindIII restriction sites was recloned in 
PBR322 (ref. 8). Figure 3 shows that the P1 mRNA sequence of 
clone pDmP 1 originates within an A+ T-rich linker and runs 





Fig. 2 Partial denaturation of chicken DNA including globin genes cloned into a relatively G +C-rich area delimited at a distance of 

in phage A Charon 4A. DNA was denatured and spread for electron ~5.5 kbp by another A+T-rich linker. The pattern shown in 

microscopy as described previously’ and in the text. Arrows indicate the Fig. 3 is typical of several other Drosophila genes on the same or 

approximate limits of the chicken DNA inserts. a, One molecule of clone other chromosomes—LSP-18, LSP-ly and the P6 gen es’: in 

a-6; the loops include 2,840, 1,290, 1,185 bp: b, one molecule of clone h RNA ae dens : 

{a-2); the loops measure 1,590 and 1,210 bp. The small molecules cor- each case the m NAA Sequence is in a non-denaturing area 
respond to pBR322 used as length standard. framed by A+ T-rich linkers (J.M. et al., in preparation). 


ert terrence renee ee peep 


Nature Vol. 295 21 January 1982 





262 
Hind HH Hinc tf 
Sst 

Å 5 3 
ł i 
i i 
’ b FP ; m j 
i i 
{ J 
l EE ~] | 

h i 


wee pa ee e r m o o e o mm o A E A e e He 
m e e i n i i a d ie A O O a e e e 





i 
eeen a 


7.6 kbp 


Fig. 3 Partial denaturation of cloned Drosophila DNA including the gene 
for the P1 protein. The DNA of the pBR322 recombinant pDm P1 (ref. 8) 
was linearized with the EcoRI restriction enzyme, denatured as explained in 
the text in 80% formamide at 24.5 °C, spread for electron microscopy and 
visualized as explained elsewhere’. a, Histogram of relative frequency of 
denaturation of any given segment of DNA, in relation to the ends of the 
molecule including pBR322 DNA. For higher precision the same 
measurements were realigned with respect to one of the denaturations in the 
Dresophila DNA and recorded as boxes with a length proportional to the 
average size of the denatured segment and a width porportional to the 
frequency of denaturation (6). c, A partial restriction map taken from refs 
7, 8 of the cloned fragment used to position the PI mRNA sequence. 


Three main conclusions may be drawn from this analysis. (1) 
The fundamental features of A+ T-rich linkers as observed in 
total DNA of chicken, duck, rat, mouse, man and Drosophila are 
found in specific cloned DNA fragments as well. In particular, 
the average size of the A+ T-rich zones, and of the domains 
separating them, falls within the limits defined previously’. 
Furthermore, the characteristic homogeneous size of isolated 
linkers on the one hand and clusters of linkers, including A+ T- 
rich linkers of more variable size on the other was also the case in 
the cloned DNA. (2) The most striking observation may be the 
clear-cut framing of both the a- and B-globin gene domains by 
the A+ T-rich linkers. (3) The data on Drosophila show that 
A+ T-rich linkers may frame individual genes and thus define 
putative units of gene function. Furthermore, considering recent 
sequence data of actin’ and histone’” genes, it may be the 
general case that genes or gene domains are placed between 
A+T-rich zones of the type described here. 

Two correlations are of interest. First, the ~15 kbp of the 
chicken a-globin gene domain, as defined by the A+T-rich 
linkers, correspond to the maximal size of the transcriptional 
units found at pre-mRNA level for both the œ- and 8-globin 
genes in duck''. Recent data“ have confirmed that in mouse 
and chick, pre-mRNA exists beyond the CAP-—poly(A) boun- 
daries. At the 3’ end of the chick “a-globin mRNA sequence a 
further 3 kbp of genomic DNA are co-transcribed’; this is about 
the distance separating, for example, the “a gene from the next 
A+T-rich linker in the 3' direction (compare with Fig. 1). 
Placing the largest (15 kbp) a-globin pre-mRNA reported’ 
upstream from this termination point shows that the promoters 
for these maximal-size transcripts must be in or close to the 
5'-framing A+T-rich linker. Second, the mapping of DNase 
hypersensitive sites, methylation sites and areas of transcrip- 
tional activity’ also reveals correlations with the A+ T-rich 
linker map given in Fig. 1 (see dotted lines and bold arrows). In 
the a-gene domain, the 3'~hypersensitive sites almost coincide 
with the corresponding A+T-rich linkers, and most of the 
methylated MspI sites map within the same A+ T-rich linker 


areas. A region of high DNase resistance correlates with the area 
immediately to the left of the A+T-rich linker which borders 
the 5’ end of the @-globin gene domain (dashed line in Fig. 1). 

The present data confirm that the A+T-rich linkers are 
general elements of long-range DNA organization. Further- 
more, the clearcut definition of the a- and -globin gene 
domains and of the Dresophila P1 gene by these linkers suggests 
that they may have a role as organizational features defining 
domains of gene function. It is evident that DNA serves multiple 
functions, not all of which are directly involved in protein 
synthesis or transcription. The A+T-rich linkers, occurring 
outside the coding and transcribed areas, might also be involved 
in DNA functional organization at the chromosome/genome 
level. 
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Errata 


In the article ‘Palacontological documentation of speciation in 
Cenozoic molluses from Turkana Basin’ by P. G. Williamson, Nature 
293, 437-443 (1981), in Fig. 3 the top left principal components plot 
should be labelled ‘A’, the top right ‘B’, bottom left ‘C’ and bottom right 
‘D’. In the legend references to parts a-d of the figure should refer to the 
corresponding upper case. 


In the letter ‘Autoregulation of androgen production in a primary 
culture of rat testicular cells’, Nature 293, 737-738 (1981), the name of 
the second author was misspelt; the authors’ names should read ‘Eli 
Y. Adashi & Aaron J. W. Hsueh’. 


In the article ‘Glucocorticoids regulate expression of dihydrofolate 
reductase cDNA in mouse mammary tumour virus chimaeric plasmids’ 
by F. Lee et al., Nature 294, 228-232 (1981), the first sub-heading on 
page 232 should read ‘Mapping the 5’ end(s) of MMTV -dhfr RNA’. 


Corrigenda 


In the letter ‘Immune (y) interferon produced by a human T- 
lymphoblast cell line’ by I. Nathan et al., Nature 292, 842-84 (1981), 
some of the reported interferon titres are inaccurate. A commercial 
interferon standard was used in many of the experiments. This pre- 
paration was checked against NIH human leukocyte standard; however, 
some of the commerciai preparations used as laboratory standards were 
subsequently found to be defective, leading to an overestimation of 
interferon titres of approximately tenfold. 


In the letter ‘Expression of a human gene for interferon in yeast’ by 
R. A. Hitzman etal., Nature 293, 717-722 (1981), refs 10 and 18 should 
read: 


10. Faye, G., Leung, D. W., Tatchell, K., Hall, B. D. & Smith, M, Proc. nam. Acad. Sci. U.S.A. 
78, 2258-2262 (1981). 
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Guidance system for 
pheromone 
orientation in moths 


THE explanation proposed by Kennedy 
and co-workers’ of a new guidance system 
for pheromone orientation contains 
several conclusions inconsistent with 
previous publications: (1) the conclusion 
that “persistent upwind flight requires 
decreases as well as increases in the 
pheromone stimulus” conflicts with the 
behaviour reported for another moth 
Anagasta kiihniella*, and the persistent 
upwind orientation of flying Drosophila’, 
walking silk moths*, cockroaches? and 
grasshoppers” to uniform and constant 
odours. Possibly the sustained upwind 
flight could not be elicited in Adoxophyes 
orana because the concentration in the 
cloud was too low: “at least 30 times lower 
than the average concentration in the 
plume”. 

(2) The hypothesis that zig-zagging and 
casting flight is a programmed function of 
pheromone concentration and that “the 
amplitude of these cross-wind movements 
change(s) inversely with the strength of 
the pheromone stimulus’ cannot be 
supported critically by only the anecdotal 
comparison of A. orana flight without 
pheromone against that in a single 
pheromone concentration, Alternatively 
these observations might only be asso- 
ciated with the presence or absence of 
pheromone, 

(3) That ‘‘zig-zagging and casting flight 
is not a response to loss of pheromone” is 
not adequately supported by noting 
“frequent track reversals inside the 
pheromone corridor”. An alternative 
conclusion is that not all turns are elicited 
by the same mechanism. Reversal turns 
not related to a plume boundary have 
previously been reported in other 
insects*”, but this does not imply that 
turns made specifically at the boundary or 
after a change in the pheromone concen- 
tration are not elicited as a stimulus 
response. For example, cockroaches turn 
both at the plume boundary and at irreg- 
ular points within the plume’. 

An integrated orientation system rather 
than the models discussed by Kennedy 
and co-workers’ would be more consis- 
tent with present information. In an 
integrated system, several factors contri- 
bute to the control of the rate and patterns 
of turning, including compensatory turns 
made to correct deviations from the pre- 
ferred wind angle, reversal turns made at 
the plume boundaries, stochastic turns, 
and turns initiated internally at a 
regulated frequency if a turn has not yet 
been elicited by one of the previous 
factors. In addition, the concentration of 
pheromone must also regulate the flight 
speed and the preferred wind angle. 
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KENNEDY ET AL. REPLY—~The new 

guidance system we proposed is admit- 

tedly inconsistent with earlier pub- 
lications, not least our own, and was 
therefore not lightly arrived at. Tobin and 

Bell’s numbered points are discussed 

briefly below but reference should also be 

made to the full account of this work 
which appears elsewhere’. 

(1) Inthe long run some inconsistencies 
will surely turn out to reflect real 
differences between cases. However, for 
the moment note that the only two pub- 
lished examples*” of persistent upwind 
filying—as distinct from walking—in uni- 
form odour are anecdotal. Our reason for 
mentioning the non-persistent upwind 
flights in the very low concentration of our 
tunnel-filling pheromone cloud, was exis- 
ting evidence from other moths** that 
upwind flight is retarded by high rather 
than low pheromone plume concentra- 
tions. However, we also mentioned non- 
persistence in our side ‘corridor’ 
pheromone cloud, and the concentration 
in that was higher than the average in the 
broken pheromone plume where upwind 
flight was persistent’. Thus we concluded 
that the non-persistence recorded was due 
to the continuity of stimulation in the 
unbroken pheromone clouds, not the 
concentration. 

(2) The quoted remark did refer only to 
the presence or absence of pheromone, 
but it rested on the non-anecdotal' finding 
that onset of the pheromone stimulus 
reduced the amplitude of cross-wind 
movements while cessation of the stimulus 
increased it; and, in another flying moth, 
changing the concentration of pheromone 
present has likewise been shown to 
produce an opposite change in ampli- 
tude’. 

(3) We expected, but did not find, some 
evidence of pheromone loss inducing 
cross-wind reversal of the flight track by 
Adoxophyes orana. Of course, we cannot 
say it never happens, but we can say that 
the probability of such a reversa! increases 
significantly on entering pheromone’; and 
in another moth cross-wind movements 
had already been shown to lengthen on 
leaving pheromone’. 

Like Tobin and Bell, we regard this 
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MATTERS ARISING 


guidance system as a highly integrated 
one” but go further in regarding the sto- 
chastic reversal turns, not as a separate 
class of turn, but as turns initiated inter- 
nally at a frequency that is regulated sto- 
chastically by the pheromone inputs. 
J. $. KENNEDY 
A. R. LUDLOW 
C. J. SANDERS 
ARC Insect Physiology Group, 
Imperial College at Silwood Park, 
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Tilt of the central 
gas disk of the Galaxy 


BLITZ ET AL.’ have suggested that the tilt 
of the central galactic gas disk might be 
explained by a bending wave instability 
due to a gravitational interaction between 
the thin gas disk and the central stellar 
bulge. However, the instability theory due 
to Bertin and Mark’ on which this sugges- 
tion is based, is inapplicable in the case of 
the central gas disk. For the theory to 
apply, the vertical gravitational forces on 
the gas disk must be due largely to its own 
self gravity with only a small contribution 
from the bulge. The frequency of the 
bending waves of a thin self-gravitating 
disk is then given by’? (2r GEk)! where 
£ is the surface mass density and k is the 
radial wavenumber of the bending wave, 
yielding the group velocity used by Blitz et 
al. to predict the scaling law for the height 
of the bend (A) as a function of radial 
distance from the galactic centre (r). 
However, the gravitational force 
experienced by the gas disk between r= 
300 pe and 2 kpc is dominated by the stel- 
lar potential. The central stellar bulge is in 
fact significantly flattened* (major and 
minor semi-axes are 2.5 and 1.3 kpc), 
while the stellar disk component (thick- 
ness ~500 kpc) is not completely negligi- 
ble in the central region*. The magnitude 
of the vertical gravitational acceleration at 
height A due to the stellar potential is 
therefore approximately that of an oblate 
spheroid with mass density p,, and eccen- 
tricity close to unity’, that is, 4arGp,h. 
Whilst the magnitude of the vertical 
acceleration due to the self gravity of the 
bent disk can be estimated* to be 
27rGkih. Using p,=6Mape™ (ref. 6) 
and 2=6M ape? (ref. 7) at r= 1 kep, the 
ratio of the stellar field acceleration to that 
of the gas self gravity is A/7r, where A is the 
wavelength of the bending wave in 
parsecs. Because A ~r for the tilt, the 


© 1982 Macmillan Journals Lid 


264 





stellar force dominates by a factor ~107- 
10°, and hence the self gravity of the disk 
is negligible. Therefore it is invalid to use 
the Bertin and Mark theory. 

A more appropriate approximation 


would be to consider the bending modes’ 


of a gas disk due to motion in the stellar 
potential alone. The modes obtained from 
such an analysis” which are most closely 
analogous to the bending wave of Bertin 
and Mark have a frequency of 
~(4aGp,,)'” yielding a very small group 
velocity in comparison with the phase 
velocity. 
A. H. NELSON 
Department of Applied Mathematics 
and Astronomy, 
University College, 
Cardiff CF1 1XL, UK 
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BLITZ AND MARK REPLY-—Nelson's 
suggestion that the Bertin and Mark’ 
bending wave theory is inapplicable to the 
dynamics of the gaseous disk at the galac- 
tic centre seems to be based on an 
incomplete analysis of the singular 
perturbation problem involved when a 
disk of small (but not altogether negligi- 
ble) mass is immersed in a larger spheroi- 
dal component. 

For disk mass much smaller than 
spheroidal masses, it is not appropriate to 
omit the disk mass terms. The ‘kinematic 
waves’ resulting from this omission (see 
equation (D7) of (ref. 1) dominated by x? 
on the right-hand side) dissipates on the 
rather short differential rotation shearing 
time scale |dQ/dinr|~’. On the other hand, 
including the dynamical effects of the 
small disk mass results in self-gravitating 
waves with the much longer group pro- 
pagation dissipation time, ~2Rdk/dw, 
which has the dispersion relation (D7) of 
(ref. 1). The neglect of similar terms in 
Nelson’s’ formalism for modes symmetric 
about the galactic plane would fail to 
produce the familiar Jeans instability (the 
bending waves are the antisymmetric dis- 
turbances about the galactic plane). By 
contrast, Bertin and Mark have included 
terms of the ‘sound wave’ type included by 
Nelson, but within the context of galaxy 
warps, stellar dispersive speeds squared 
are much larger than the corresponding 
terms in the gas. 

In any case, Bertin and Mark have 
included terms which reflect more 
completely the dynamics of the disk. The 
conclusion with or without these addi- 
tional terms is that the scaling law (r£°h ~ 
constant) used by us is consistent with the 
observations of the inner disk of the 
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Galaxy as well as the warps of the outer 

region of several galaxies as shown by 

Lake and Mark’. 
JAMES W.-K. MARK 
LEO BLITZ 

Astronomy Department, 
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Lipoprotein assembly in 
Xenopus yolk-platelet crystals 


FROM his determination of the space 
group of yolk-platelet crystals from 
several new species, Lange’ has ques- 
tioned earlier data of ours for similar 
lipoprotein crystals from Xenopus’. The 
new data are based entirely on electron 
micrographs from fixed sectioned speci- 
mens, a procedure we intentionally 
avoided during our studies. This evidence 
as well as a few other statements made in 
the paper need to be scrutinized. 

The first data shown (Fig. 1 of ref. 1) are 
three ‘tracings’ of electron diffraction 
patterns from yolk crystals of the species 
Triturus. It is unfortunate that Lange did 
not publish the patterns themselves 
because frequently the high noise level 
from such poorly diffracting specimens 
makes interpretation of the patterns 
difficult. Furthermore, a more analytical 
description including the averages and 
standard deviations of the observed lattice 
spacings would have been useful. It is, 
after all, the unit cell spacings which we 
and now Lange, have used to identify 
specific projections”. 

In further criticism of the data presen- 
tation, the space group determination 
using Figs 2 and 3 of ref. 1 is confusing 
because no optical diffraction patterns are 
shown and the micrographs were obtained 
from two different species. Lange’s Fig. 3, 
for example, bears a strong resemblance 
to the Aol zone from lipoprotein crystals of 
Xenopus’. Lange describes this as the Ako 
zone, suggesting that simple relabelling of 
the 6 and c axes would make the results 
consistent with the earlier work’. Indeed, 
we agree that the projection shown in Fig. 
3 should have pgg symmetry. As the $ and 
c axes in the unit cell for Xenopus are 
roughly the same length, they may equally 
well be similar in other species and could 
easily be interchanged. Unit cell dimen- 
sions can be precisely obtained for wet and 
dry crystals by using X-ray powder 
methods’. 

In image reconstruction studies, the 
best way to determine the symmetry of a 
given projection is to examine the phases 
of strong symmetry-related reflections’. 
In the studies of the lipoprotein complex 
from Xenopus, phases of each centric 
projection were calculated and were then 
shifted to minimize the difference 
between that calculated and the nearest 
real value*’. Two pairs of strong 
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reflections on the 001 projection (1, 3, 0 
and 1,3,0; 2,3,0 and 2,3,0) had 
phase relationships consistent with only 
pmg symmetry’. Six pairs of reflections 
had phase relationships consistent with 
peg symmetry for the view we assigned to 
the hol projection. Many of the pro- 
jections used in the image reconstruction 
were studied earlier by optical filtering 
methods. Even on such filtered images, 
beth the number of molecules and the 
symmetry can be difficult to ascertain’. 

Furthermore we take issue with Lange’s 
discussion of the reliability of positive 
versus negative staining’ in special 
reference to our image reconstruction 
results. Certainly the appearance of lattice 
micrographs will be different when one is 
positively stained and the other negatively 
stained. However, the immobilization of 
stain (positive staining effects) adjacent to 
scivent channels filled with stain (negative 
staining), is unlikely to produce major 
artefactual results. Thus, we emphasize 
the importance of negative stain as well as 
the lack of chemical fixation in the earlier 
study’. 

Finally, we note that although the work 
on Xenopus was severely limited by the 
chance finding of different crystal frag- 
ments, it still contained data from 10 
different views selected from several 
hundred electron micrographs’”. 
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LANGE REPLIES—If the symmetric 
lipoprotein aggregates in yolk platelets of 
higher anamniotes are orthorhombic 
crystals as reported for Xenopus laevis’, 
their space group is P2,2,2,, as docu- 
mented by symmetry peg of their axial 
projections’ at usual electron micro- 
scope resolution in eight different species 
above the cyclostome level (among them 
X. laevis). 
R. H. LANGE 

Institute for Anatomy 

and Cytobiology, 
Aulweg 123, 
D-6300 Giessen, FRG 
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Newton’s achievements: from rumour to fact 


VOLUME VIII, which, except for a 
promised volume of indexes, concludes 
D.T. Whiteside’s monumental edition of 
The Mathematical Papers of Isaac 
Newton, is more of biographical than of 
mathematical interest. It takes up the final 
desultory efforts of aman who had recently 
celebrated his fifty-fourth birthday when 
the volume commences and had also 
chosen to fill his life with the administrative 
minutiae of the Royal Mint instead of the 
labours of a Lucasian Professor of 
Mathematics. The volume contains very 
little original mathematics; almost all of 
the mathematical activity it displays was 
provoked by the immediate demands of the 
battle with Leibniz over priority in the 
invention of the calculus. Fittingly, it con- 
cludes with a draft of an intended preface 
for the 1722 edition of Commercium 
epistolicum, the volume of letters and 
papers that Newton himself had secretly 
compiled and edited and that the Royal 
Society had published in 1712 as the report 
of an ‘‘impartial’’ committee appointed to 
investigate Leibniz’s complaint. When he 
wrote that preface, Newton was approach- 
ing 80 years of age. As he himself once said, 
no old men (excepting Dr Wallis) love 
mathematics, and it is not surprising that 
Whiteside finds nothing to include from his 
remaining five years of life. 

Do not mistake the paragraph above as 
criticism of Vol. VIII. A complete edition 
of Newton’s mathematical papers could 
not neglect these manuscripts, and to say 
that they are more of biographical than of 
mathematical interest is in no way to 
Suggest that they have no interest at all. It is 
part of the editor’s achievement that he 
infuses into their publication learning 
equal to that which he devoted to Newton’s 
earlier creative endeavours in mathe- 
matics. Thus he conducts us through 
Newton’s responses to the two challenge 
problems posed by Bernoulli, the initial 
publication during the first decade of the 
eighteenth century of various papers 
written earlier, relevant aspects of the 
second edition of the Principia, and the 
venomous exchange with Leibniz and his 
followers on the issue of priority which 
spread out over a full decade. Whiteside’s 
presentation of the correction of Propo- 
sition X, Book II, for the Principia’s 
second edition is a tour de force in the full 
sense of the phrase. From Newton’s papers 
he has assembled the sheets on which 
Newton confirmed the validity of 
Bernoulli's objection, and he shows in 
detail the exact nature of the error in 
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Newton in old age — a portrait painted not 
long before his death in 1727. 


edition one, which Bernoulli himself had 
not understood correctly. Whiteside then 
proceeds through six successive attacks on 
the problem by Newton (plus seven other 
draft passages). He pinpoints Newton’s 
final location of his error and its 
correction, together with an alternative 
demonstration of the correct result, and he 
argues persuasively that only an unper- 
ceived computational error prevented 
Newton from realizing that he could have 
amended the proposition within the frame- 
work of the original demonstration with- 
out the complete redrafting that he finally 
inserted (to his embarrassment) in edition 
two. 

Whiteside concludes the volume and the 
edition with 160 pages of documents from 
Newton's own extended effort to defend 
his right as true inventor of the calculus. 
Not long ago, in Vols VI and VII of 
Newton's Correspondence, an extensive 
documentary history of the priority dispute 
was published. Naturally the focus was on 
correspondence, including many hitherto 
unpublished letters from the Continent. 
The drafts of Newton’s defence of his 
priority that Whiteside publishes thus 
supplement, rather than repeat, the 
Correspondence. His lengthy intro- 
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duction, the valuable account of the 
priority dispute by the man who knows 
more about the subject than anyone ever 
has or is likely to again, likewise comple- 
ments the masterful Philosophers at War 
by A.R. Hall, the editor of those volumes 
of the Correspondence. 

It is fitting now, with the completion of 
Vol.VIII, to assess the entire edition. 
Before Whiteside began, we knew com- 
paratively little about Newton’s work in 
mathematics. As Whiteside states in the 
preface to the present volume, Newton 
failed to impress the fact, as distinct from 
the hearsay, of his mathematical achieve- 
ment on his contemporaries. The period of 
more than two centuries that followed 
Newton's death did not amend that state of 
affairs. Furthermore, Newton did not 
arrange his papers to facilitate an editor’s 
work. Only Newton scholars who have 
worked on the manuscripts themselves can 
appreciate the initial stage of Whiteside’s 
labour, finding his way through what he 
aptly describes as ‘‘the disordered limbo of 
Newton’s private papers’’. 

Volume VIII offers two striking displays 
of the extent to which he has mastered these 
difficult manuscripts, though one could 
find similar examples in every volume. He 
has identified an unlabelled page of mis- 
cellaneous calculations as Newton’s 
demonstration of the essence of Fatio de 
Duillier’s novel solution of Bernoulli’s 
problem on the line of quickest descent 
(pp.86-91). And from sheets dispersed in 
both the Portsmouth Papers in the 
Cambridge University Library and the 
Macclesfield Papers in Shirburn Castle he 
has reassembled much of the manuscript 
for a treatise on fluxional analysis that 
Newton composed to append to the 
Principia’s second edition. The papers 
were separated soon after he dropped the 
idea; thus Whiteside has resurrected an 
essay which has not existed as a single entity 
Since its composition nearly 270 years ago 
(pp.258-296). 

Impressive as his achievement in 
arranging the manuscripts is, it pales in 
comparison to the real work of infusing 
them with understanding so that the 
invention of the calculus and a great deal 
more once again spring to life. In effect 
Whiteside has done for Newton what 
Newton failed to do for himself; he has 
transposed his mathematical achievement 
from the realm of rumour to the realm of 
fact. Because of the inherent difficulty of 
the material, there is no way in which sucha 
work can be made easy for the reader, and 
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because Whiteside has brought a high level 
of mathematical expertise to his task, the 
edition is doubly difficult. I myself have 
criticized earlier volumes on this score, 
arguing that the technical level of the 
edition effectively closes it to all but a tiny 
handful of readers. I have come to the con- 
clusion that this criticism was ill- 
considered, and I take this occasion to 
apologize to Whiteside. Nonetheless, I still 
hold the idea that animated it: that it will be 
a tragedy if the knowledge the edition 
makes available of Newton’s achievement 
in mathematics, one of the supreme 
triumphs of the human spirit, does not 
reach beyond the confined circle of pro- 
fessional historians of mathematics. As it 
now appears to me, Whiteside has done 
quite right in treating the papers with a level 
of sophistication that matches their own. It 
belongs to others, including Newton 
scholars such as myself, to translate the 
achievement into a broader idiom without 
vulgarizing it. If we fail in the task, we, 
rather than Whiteside, should be the object 
of criticism. With this magnificent edition, 
we cannot complain of an inadequate 
source. 

In a work of such magnitude, there are 
bound to be — I will not say errors — but a 
few things that seem to me to be misjudge- 
ments. In Vol. VII, annoyed by Newton’s 
apparent revulsion from modern analysis 
in the 1690s and by his preference for 
classical geometry, Whiteside has put 
together a work on Geometria in two 
books, which seems to show that Newton 
reversed himself once more to embrace 
analysis anew at the end of his active career 
in mathematics. By comparing the original 
manuscripts, I have convinced myself that 
in this case Whiteside has created an 
artificial work that never existed, joining a 
manuscript from the 1680s to a totally 
separate one from the 1690s in order to 
portray Newton as he would prefer him to 
have been. It seems to me, further, that he 





made a serious mistake in not including the 
two epistolae written in 1676 for Leibniz, 
even if their texts (though not Whiteside’s 
commentary) are readily available in the 
Correspondence. In an edition notable for 
its completeness, their absence is the only 
major omission. Third, I think he erred in 
substituting the form x, y and z for 
Newton’s m, mand rin his translation of De 
methodis of 1671. ‘‘Pricked letters’’, as 
Newton called the distinctive notation he 
later devised, assumed some significance in 
the priority dispute. Readers tend always to 
use an available translation, and they are 
apt to be misled by it in the present case. I 
could list a few more possible defects; but if 
I have reached this level of triviality with 
my third, it should be obvious how few and 
how small I take them to be. 

A few years ago I hailed Whiteside’s 
work as the finest edition of scientific 
papers ever published. I now think that 
judgement was inaccurate. It erred in being 
too restrained. I am convinced that The 
Mathematical Papers of Isaac Newton is 
one of the outstanding scholarly achieve- 
ments of the twentieth century. Where 
other editorial projects concerned with less 
difficult materials have created veritable 
factories, Whiteside has equipped himseif 
primarily with a writing pad, a pencil and, 
to restrict himself more fully to his study, a 
stack of xeroxes. Upon the latter he has 
exercised an extraordinary level of 
technical expertise joined to an extra- 
ordinary level of devotion. How seldom do 
the two qualities, raised to such a degree, 
come together. With them, Whiteside has 
built what every true scholar dreams of 
constructing, a monument which will 
endure through the centuries as part of 
mankind’s precious legacy of learning. © 
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OnE of the elders of modern biochemistry 
once recounted how, in the days before 
peer-review was invented, his benefactor 
would from time to time visit the 
laboratory to see what use was being made 
of his largesse. He inquired on one such 
occasion whether he could be of any 
further help and, being told that ten dollars 
for the purchase of frogs would be 
welcome, he drew out his wallet, laid two 
five-dollar notes on the laboratory bench 
and took his leave. 

Well, the past, it has been said, is another 
country, where they order their affairs 
differently. The pursuit of the pituitary 
releasing factors, which is the subject of 
Nicholas Wade’s book, consumed many 
millions of dollars, the undivided efforts of 
postdoctoral research fellows, students 
and technicians in something approaching 
battalion strength and, according to one 
estimate, the brains of five million sheep in 
the isolation of thyrotropin releasing 
factor alone. The investment was all but 
wasted: in 1969 the Study Section of the 
NIH that had supported the two duellists 
of this story, Guillemin and Schally, 
through many years of seemingly 
unproductive toil, came close to deciding 
that enough was enough. In the words ofa 
member of the committee, the programme 
was ‘‘within an eyelash of being 
abandoned’’. The releasing factors had 
been compared by a respected endocrino- 
logist to the Loch Ness Monster, and 
Guillemin and Schally had brought ridicule 
on themselves by an obsessive antagonism 
that regularly expressed itself in public 
brawls at conferences. 

Sustained by the manic intensity that 
distinguishes the barons of science from 
the cannon-fodder in their campaigns, 
both survived. Each, on the testimony of 
this account, has an ego like a raging ulcer, 
as much sensitivity or remorse as a runaway 
locomotive and awesome reserves of 
single-mindedness, tenacity and courage. 
They have in superabundance what Noel 
Coward defined as the secret of success — 
the capacity to survive failure. But, in the 
words of a discarded collaborator of 
Schally’s, such men ‘‘are not lovable 
types’’. Whether on balance they serve 
science well, the reader will have to decide 
for himself. 

Nicholas Wade has an engrossing tale to 
tell and does it in masterly fashion. He does 
not allow the interplay of personalities that 
provides much of the drama to obscure the 
science, which he handles with enviable 
assurance. No less remarkable is the way in 
which he has made his cast of characters 
speak for themselves and has drawn from 
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their mouths reflections of marvellous 
candour 

In the beginning was Geoffrey Harris, 
the English physiologist, who first postu- 
lated that the brain directs the release of 
pituitary hormones by despatching 
chemical messages from the hypothalamus 
to the pituitary Guuillemin and the 
Canadian endocrinologist, Murray 
Saffran, with whom Schally was then 
working as a technician, obtained early and 
independent evidence of the existence of 
such factors, and there ensued an uneasy 
collaboration between Schally and 
Guillemin that soon gave place to an un- 
governable rivalry According to The 
Devil's Dictionary calamities are of two 
kinds, misfortune to ourselves and good 
fortune to others. Guillemin and Schally 
dogged each others’ footsteps through 
success and failure, each cast down by the 
other’s victories and elated at his defeats, 
when, for example, Schally’s group took 
for a releasing factor a proteolytic frag- 
ment of myoglobin, which they laboriously 
isolated and sequenced after processing a 
quarter of a milhon brains, Guillemin did 
not conceal his pleasure 

In the laboratory ıt seems that both 
Guillemin and Schally (though both had 
proved their ability as young men) made 
only minor contributions to the work of 
their groups, but 1t was they who kept their 
groups in being The burden of the science 
was borne by a superlatively capable corps 
of young men — Burgus and Vale, Ward 
and Brazeau for Guillemin, the Japanese, 
Arimura, Matsuo and Baba, together with 
Radding, Carter and Nair for Schally 
Their efforts were ill-rewarded — indeed, 
on the evidence here, ıt 1s small wonder that 
a postdoctoral liberation movement of a 
kind appears to be emerging ın the United 
States 

Both teams had remarkable achieve- 
ments One that stands out 1s a dazzling 
feat of peptide chemistry by the Japanese 
visitor, Matsuo, who determined the 
sequence of LRF by simultaneous analysis 
of unfractionated, overlapping proteolytic 
fragments on 50ug of material, and so won 
the race for Schally 

The Nobel Duels a hugely entertaining 
read, but ıt ıs also much more, for it lays 
bare the mechanics of Big Science (into 
which biology ıs being increasingly 
assimilated), and exposes its virtues and 
blemishes to public view Whether the 
process of discovery feeds on such 
ferocious competitiveness as ıs here on 
display ıs an interesting and indeed impor- 
tant question Wade opines that other 
highly regarded workers ın the field, such 
as Saffran and Hearn, had too much of a 
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sense of humour and of the fitness of things 
to engage in such destructive proceedings, 
this fastidiousness, just as a classical 
education has been alleged to do, enabled 
them perhaps to despise the success that it 
prevented them from achieving 
Nonetheless, it 1s remarkable how close 
other Jaboratories with vastly smaller 
commitments and funds, such as that of 
Harris, came to a solution of the problem 
A piquant footnote to the history of the 
long haul to the structure and function of 


the releasing factors 1s the reaction of an 
early adversary of Harris’s, that most 
entrenched of all the illuminati of the 
scientific establishment, Lord (Solly) 
Zuckerman He, it seems, remains 
adamant that Harris was wrong from the 
outset and that the pituitary hormone 
releasing factors are, after all, no more 
than a mirage 0 





Walter Gratzer is in the MRC Cell Biophysics 
Unit, King’s College, University of London 


Mysteries of the zeta potential examined 


John Gregory 


Zeta Potential in Colloid Science. Theory 
and Application By Robert J Hunter 
Pp 386 ISBN 0-12-361960-2 (Academic 
Press 1981 ) £35, $84 


ELECTROKINETIC phenomena, such as 
streaming potential and electrophoresis, 
have been known for over a century They 
arise whenever there is relative motion 
between a charged interface and a liquid 
and are usually interpreted ın terms of the 
zeta potential, which is conventionally 
defined as the electric potential at the plane 
of shear There has always been an air of 
mystery surrounding the concept of zeta 
potential, partly because of theoretical 
problems concerning the structure of the 
electrical double layer and the precise 
location of the shear plane witnin it, and 
partly because of difficulties in obtaining 
reliable experimental values Although 
there have been several books on electro- 
kinetic phenomena generally, Professor 
Hunter’s 1s the only one, to my knowledge, 
which 1s devoted to the enigmatic zeta 
potential itself 

To a large extent, the book 1s successful 
in drawing together and rationalizing a vast 
amount of material covering many aspects 
of the subiect It should be essential read- 
ing for those embarking on research ın 
the area and most established practi- 
tioners will want to have a copy within 
reach, or at least in the library of their 
institution 

After a brief, scene-setting introduction, 
the author first deals with the distribution 
of charge and potential at interfaces Most 
of this material 1s readily available else- 
where and the treatment here offers no new 
insights However, since ıt forms the basis 
of much of what follows, ıt could not 
reasonably have been left out 

By far the most useful chapters are those 
concerned with experimental techniques 
and the calculation of zeta potentials 
There 1s an exceptionally clear and up-to- 
date exposition of the procedures for 
obtaining zeta potentials from electro- 
phoretic mobilities The experimental 
chapter includes a wealth of practical 
detail, such as the design of electrophoresis 
cells, and even advice on how to avoid 


leakage problems with platinum streaming 
potential electrodes 

The chapter on electroviscous and visco- 
electric effects ıs an admirable survey, a 
task which does not seem to have been 
previously attempted Hunter’s conclusion 
from the discussion of viscoelectric effects 
is that the electrokinetic plane of shear 
cannot lie too far from the outer Helmholtz 
plane and that the zeta potential must be 
nearly equal to the potential just inside the 
diffuse layer This will comfort the many 
colloid scientists who have been making 
similar assumptions for years, but those 
who have advocated comparatively thick 
layers of structured water at interfaces may 
still remain unconvinced 

The remainder of the book is concerned 
with applications of zeta potential and the 
effect of simple inorganic ions and more 
complex adsorbates The discussion of 
oxide surfaces raises the important 
question of the distinction between points 
of zero charge and isoelectric points, but, 
unfortunately, ın an uncharacteristic lapse 
from his usually clear style, the author 
creates some confusion, especially with 
regard to the role of specifically adsorbed 
1ons There are mentions of applications in 
such areas as colloid stability, flotation and 
electrophoretic deposition, but they are 
too briet to do justice to these various 
subjects 

It becomes evident from the final 
chapters that there are still major uncer- 
tainties concerning the nature of the elec- 
trical double layer at solid--liquid 
interfaces In some cases, experimental 
values of charge density and zeta potential 
can only be reconciled with current models 
by making rather unrealistic assumptions, 
as the author readily admits Perhaps it 1s 
time for a thorough reappraisal of concepts 
such as the Stern layer and molecular 
capacitors, bearing ın mind that on this 
scale (c 1 nm) water 1s not a structureless 
medium and that real surfaces are almost 
never smooth o 





John Gregory is Reader in Water Chemistry in 
the Department of Civil Engineering, University 
College, University of London, and Secretary of 
ihe Colloid and Surface Chemistry Group, 

Society of Chemical Industry 
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Single-system geology after Arkell 


Janet V. Watson 


Lower Palaeozoic of the Middle East, 
Eastern and Southern Africa, and 
Antarctica With Essays on Lower 
Palaeozoic Trace Fossils of Africa and 
Lower Palaeozoic Palaeoclimatology 
Edited by CH Holland Pp 331 ISBN 
0-471-27945-5 (Wiley 1981 ) £38, $84 


“IT HAS been my personal experience that 
anyone seeking to understand a single geo- 
logical system must flounder ın the liter- 
ature for some twenty years Users 
of this book will be saved some twenty 
years work’’ This wry statement comes 
from the preface to W J Arkell’s Jurassic 
Rocks of the World (Oliver & Boyd, 1956), 
the first general synthesis of a single system 
on a world-wide basis During the quarter- 
century since its publication the need for 
regional or global syntheses has increased, 
and the volume under review 1s therefore 
sure of a welcome It 1s the third of an 
ambitious series focused principally on the 
Cambrian, but taking in Ordovician and 
Silurian rocks where the nature of the 
evidence makes precise chronostratigraphy 
difficult The regions covered ın this 
volume — the Middle East, north-eastern 
and southern Africa and Antarctica — are 
as difficult as any and the decision to cover 
all of the Lower Palaeozoic systems seems 
wise 

In introducing his now classic volume on 
the Jurassic, Arkell outlined two 
objectives 

to present a unified description as a 

reference work and to enquire what can be 
deduced as to faunal realms, climate, 
palaeogeography, volcanic and plutonic activity 
and earth movements during one 
reasonably circumscribed period of geological 
activity 


Accepting these as the true objectives of 
any comparable work, one must say 
immediately that the principal authors here 
(R Wolfart, E Klitzsch, IC Rust and 
MG Laird) have dealt nobly with the 
reference aspect They have brought 
together details of successions ın some of 
the least-visited and least hospitable 
terrains on Earth and have provided 
valuable correlation tables and palaeogeo- 
graphic maps Their chapters will remain 
the standard references for the Middle 
East, Libya and adjacent territories, 
southern Africa and the Ross geosyncline 
for years to come As a bonus, there are 
interesting chapters on Lower Palaeozoic 
trace-fossils in Africa (T P Crimes) and 
palaeoclimatology (N Spjeldnaes) 

But what about Arkell’s second 
objective? The unity of outlook and 
stylistic grace which he brought to the 
Jurassic are perhaps unlikely to be achieved 
ina volume with many authors one could, 
however, justly look for a broad treatment 
of geological events ın Lower Palaeozoic 
times A four-page introduction by R M 


Shackleton reminds us that the areas dealt 
with are linked by and partially coincide 
with one of the world’s major systems of 
mobile belts — the Pan-African — which 
was active immediately before and 
sometimes during the Cambrian period 
Scarcely a mention of this relationship 1s to 
be found 1n the rest of the book, with the 
honourable exception of the Antarctic 
chapter An opportunity seems to have 
been lost here, though the long-suffering 
editor (C H Holland) whose frustrations 
are outlined in the preface, may well 
protest that to have asked for a broader 
treatment would have made his labours 
impossible 

Nonetheless, a fuller introduction or a 
final review chapter might have made all 
the difference Stratigraphy 1s the semor 
branch of historical geology, but can it any 
longer afford to close the door on 
tectonics, metamorphism and 
magmatism? O 





Janet V Watson ıs a Professor ın the 
Department of Geology at Imperial College, 
University of London 


Landmark of early 
man in Britain 


Peul Mellars 


The Lower and Middle Palaeolithic 
Periods in Britain By Derek A Roe 
Pp 340 ISBN 0-7100-0600-4 (Routledge 
& Kegan Paul 1981 ) £35, $95 


No ONE 1S better qualified to write a book 
on the earliest stages of human occupation 
in Britain than Derek Roe For the past 20 
years he has been involved 1n detailed first- 
hand work on the sites of this period, and 
has produced not only the authoritative 
gazetteer of the major Palaeolithic 
localities ın Britain, but also the most 
exhaustive typological analysis of the 
archaeological assemblages themselves 
The appearance of this general survey of 
the earlier Palaeolithic material must 
therefore be regarded as a major Jandmark 
in studies of the period ın Britain 

Two features of the book are particu- 
larly impressive its evident authority in 
dealing with the difficult interpretative 
Issues involved and its readability Dr Roe 
writes with a degree of clarity, style and 
fluency which is all too rare in archaeo- 
logical literature Some might say that the 
book ıs over-written ın places, but this kind 
of judgement must depend to a large extent 
on the kind of readership which 1s antıcı- 
pated Dr Roe has clearly aimed at an 


audience which includes not only the 
specialist prehistorian but also the 
‘“nterested layman’’, and for this mixed 
readership his style of presentation 1s 
probably ideal 

To pick out particular features of 
interest in a book of this scope 1s an almost 
impossible task Perhaps the most signifi- 
cant single feature which emerges from the 
discussion 1s the rapidly increasing 
evidence for the occupation of southern 
Britain by hand-axe-using communities at 
some point substantially prior to the 
Hoxnian interglacial Roe’s arguments for 
believing that sites such as Fordwich (Kent) 
and Kent’s Cavern (Devon) belong to this 
early phase are to my mind almost con- 
clusive, and for these sites an age of at least 
350-400,000 years would, from several 
lines of evidence, seem reasonable Equally 
interesting from a somewhat different 
standpoint ıs the rather curious dichotomy 
between hand-axe and non-hand-axe 
(‘‘Clactonian’’) industries which has been 
documented for the Hoxnian interglacial 
itself This dichotomy — probably clearer 
in Britain than anywhere else ın Europe — 
remains one of the most intriguing 
problems in Palaeolithic archaeology, for 
which a really convincing explanation still 
remains to be found 

Evidence for the later stages of Lower 
and Middle Palaeolithic occupation ıs still 
infuriatingly vague Uncertainties of strati- 
graphic correlation, coupled with the lack 
of any reliable technique of absolute 
dating, renders any analysis of occupation 
during the Wolstonian and Ipswichian 
periods exceptionally difficult As Roe 
points out, there 1s a wide variety of 
industrial vanants which must belong at 
some point within this time range, but in 
the absence of reliable dating any dıs- 
cussion of the meaning of this variation 
(chronological? cultural? functional?) 
must remain largely hypothetical and the 
question of interpretation open 

One criticism that might perhaps be 
levelled at the book ıs that at some points ıt 
verges on the parochial, paying only 
limited attention to contemporaneous 
developments ın other parts of Europe In 
the assessment of the earliest Palaeolithic 
industries this kind of comparison would 
certainly have been useful, and perhaps 
even more so ın the discussion of the 
Middle Palaeolithic sites But thisis at most 
a minor criticism and can hardly detract 
from the overall value of the book Dr 
Roe’s major achievement 1s to have 
brought together a remarkably wide- 
ranging and diverse body of data, and to 
have presented ıt ın a clear, well-integrated 
and easily accessible form By performing 
this task, he has produced what ıs clearly a 
classic of British prehistory that will serve 
as the definitive account of this period for 
many years to come O 


Paul Mellars ıs a Lecturer in Archaeology at the 
University of Cambridge 





Nature Vol 295 28 January 1982 


269 





28 January 1982 


Can even mere knowledge be a threat? 


Academic freedom in the United States has come into conflict with national security. The 
Administration does not know what to do. The National Academy of Sciences should instruct it. 


Stanford University has created an awkward problem for the 
National Academy of Sciences and, ultimately, for the State 
Department and the United States Administration Faced with an 
apparently routine communication from the academy relaying a 
new set of guidelines for restricting the access of overseas visitors 
to unpublished research, the university told the academy that the 
conditions were unacceptable They are that (see p 271) and 
unworkable as well The suggestion that overseas visitors should 
be kept in ignorance of unpublished research, for example, 
betrays ignorance of what university departments are hke What 
else do these people talk about except what they are about to 
publish? 

So, temporarily, the academy ıs embarrassed at having 
uncritically passed on a set of unpalatable instructions Butit now 
has no choice but to decide where ıt stands on the question of 
national security and academic freedom, an increasing pre- 
occupation of the Administration on which the academy’s advice 
should long since have been sought The trouble 1s that there 1s 
nothing simple for the academy to say A ringing declaration of 
faith in academic freedom will not suffice, for there 1s more to the 
Admunistration’s anxiety than mere xenophobia The academy 
must begin by teaching the Admunistration what American 
universities are for 

Scholarship, while one of the chief custodians of tradition, 1s 
notoriously subversive of conventional wisdom, so that all 
scholars are potentially traitors to the establishment that supports 
them These simple truths, first learned at the Universities of 
Bologna and Paris, have been known for centuries They are now 
the basis of the accommodation which has been reached between 
universities and the rest of society in states confident enough of 
their political stability to indulge pretensions of liberality and 
civility Academics are licensed to teach and research as they 
choose, even when they are technically public servants (as in most 
European states) Governments, with varying degrees of 
reluctance, put up with the annoyance and inconvenience 
inevitably caused by the doctrine of academic freedom for two 
reasons — young people will otherwise be badly educated, while 
the new knowledge generated by scholarship ıs both enlightening 
and useful 

The liberal accommodation between scholarship and society 1s, 
however, fragile In Poland ın the past few weeks, the military 
government has evidently decided that academic freedom 1s more 
dangerous than benign the short-term benefits of compliance are 
judged to outweigh the long-term benefits of normality The 
Polish government’s calculation may be accurate, 1f misguided 
The emergence of similar tendencies 1n the United States 1s not as 
easily explained 

The analogy with Poland 1s merely superficial Nobody in the 
United States suggests that the government should decide which 
academics should teach what — and that unacceptable academics 
should lose their jobs Nor ıs ıt suggested that even students 
should pass tests of loyalty as well as examinations Indeed, the 
huffing and puffing there has so far been from agencies in 
Washington, the State Department and the Pentagon in 
particular, does not add up to a coherent policy, let alone a 
decisive break with the liberal habits of the past two decades 
Rather, ıt seems as 1f the Administration ıs going through one of 
its periodic attempts to make up its collective mind Senior 
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officials make speeches, less exalted officials distribute circulars 
and members of Congress introduce bills that will never be 
debated. 

The Admunistration’s fears that free scholarship may be 
subversive of national security were put most clearly at the 
beginning of this year by Admiral ‘‘Bobby’’ Inman, now deputy- 
director of the Central Intelligence Agency but previously 
director of the National Security Agency (see Nature 14 January, 
p 88) The free publication of research may assist potential 
enemies, as may the traditional hospitality and hberality of 
American university departments But, the argument goes, the 
danger 1s not exclusively military The economic well-being of the 
United States may be as seriously damaged by the premature dis- 
closure of commercially valuable high technology to a fnendly 
but competing state So American universities, many of them 
among the engines of technical mnovation, must be more 
circumspect Advance review of papers intended for publication 
may be necessary Restrictions on foreign visitors (some of which 
are permitted by existing legislation) may have to be made tighter 
And even general education may be suspect — Mr Frank Carlucc1 
from the Pentagon was saying earlier this year (see Nature 7 
January, p 3) that many visitors to American universities had 
gone on to posts ın Soviet mulitary establishments. 

The Admunistration’s case would be more convincing if there 
were not ample evidence that ıt 1s unsure of where ıt stands ın ıts 
relationship with the outside world In 1ts mnocence — perhaps 
ignorance 1s the word — ıt habitually first sees the dark side of 
every international issue Yet all the fears that academic liberality 
may endanger the security of the United States are ın reality 
double-sided questions Thus it 1s no surprise that foreign visitors 
to American universities benefit from their experience, or that 
they are afterwards promoted rapidly, the process by which they 
are selected would probably ensure that But indirectly, the 
American university system also benefits, as does scholarship as a 
whole This 1s why the Admunistration’s decision to suspend the 
exchange agreement with the Soviet Union 1s a mistake 

Admiral Inman’s fears must be dealt with differently Again, 
however, ıt 1s true that the traditions of liberality benefit others 
than American taxpayers This 1s why there has been a running 
battle since the beginning of the Carter Administration about the 
prudence of open research on cryptography The ingenious 
development of the technique of what 1s called public-key crypto- 
graphy was fully described ın the open literature before the 
National Security Agency fully appreciated that an unbreakable 
code would benefit others than itself Much the same happened ın 
1938, but even more spectacularly, when Hahn and Strassman 
working in Germany published their first account of the neutron- 
induced fission of uranium The Admiral Inmans of this world 
must acknowledge that such accidents must happen repeatedly, 
and that they cannot be prevented without bringing academic 
research as such more or less toa halt They have three comforts 
In each case, the chances are high that similar discoveries would 
independently have been made elsewhere, while publication has 
ensured (at least where cryptography 1s concerned) that valuable 
commercial use can now be made of unbreakable codes The 
authorities must learn to live with this hard consequence of 
liberality, but may further comfort themselves with the 
knowledge that less liberal university systems have historically 
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been less productive of good ideas and that on many occasions 
they can rely on the good sense of working scientists to anticipate 
trouble 

There will be few complaints 1n the United States 1f the defence 
authorities now seek to build on this goodwill It would be entirely 
proper that they should remind people 1n laboratories that even 
seemingly academic developments may have defence impli- 
cations Equally, ıt would be proper that university admini- 
strations should take a continuing interest in the problem It 
would, however, bea mistake for the military authorities to set up 
central machinery for supervising academic papers before publi- 
cation Such a system could prevent the publication of sensitive 
material only by holding up a great deal of innocuous material 
Even then, 1t would make mistakes It would be far preferable that 
responsibility for deciding how the publication of potentially 
sensitive material should be arranged should rest with researchers 
and their universities The proposed arrangements for supervising 
research ın cryptography, designed to shut the stable door after 
the bolted horse, should be abandoned 

The general run of military research proper ıs more easily 
handled Since 1940, the Defense Department has learned to rely 
on American universities for a substantial part of 1ts research and 
development Academics are well used to this kind of 
collaboration, and are apparently able without too much 
difficulty to marry their obligations to liberal teaching with their 
obligations of confidentiality to the Pentagon Whether the topic 
is formally registered as secret, or ‘‘classified’’, seems not to 
matter A more important consideration 1s that there are limits to 
the degree to which the university system can be laden with 
responsibilities for defence research without being compromised 
The irony ıs that, in the present economic climate, the universities 
are more willing collaborators and that the Pentagon seems glad 
of the welcome ıt now seems to enjoy from the universities 

The issue of commercially important research 1s novel and 
fuzzier During the past decade, government agencies have been 
increasingly anxious that publicly supported research should have 
some practical relevance while, more cautiously, corporations 
have begun to recognize the potential of the academic research 
enterprise What seems not to have been appreciated 1s that many 
of those who help to carry through these unclassified programmes 
are nationals of countries other than the United States 

But what is so strange about that? For even the most ‘‘relevant”’ 
of externally supported research programmes are not — and 
should not be — programmes of development Most of them are 
projects intended to gather basic information ın some obvious 
field The fear that foreign visitors may carry off unique 
information ın fields such as the molecular biology of genetic 
engineering or the development of techniques for making Very 
Large Integrated circuits 1s predicated on the assumption that 
nobody else knows about these important industrial goals That 
conceit 1s almost always an illusion It should not be allowed to 
compromise the civility and freedom of academic research In any 
case, the agencies and the corporations have the remedy ın their 
own hands They decide what research contracts should be let 


Why arms control? 


Will arms control fall foul of too literal an 
interpretation of Kissinger détente? 


This has been a bad week for arms control Mr Alexander 
Haig’s long-arranged meeting with Mr Andre: Gromyko in 
Geneva was being advertised ın advance, ın Washington at least, 
as a discussion exclusively about recent events in Poland The 
promised resumption of bilateral negotiations on strategic arms 
are apparently to be postponed indefinitely At the same time, 
there have been mutterings in Washington that the talks now 
under way ın Geneva on the control of weapons ın Central Europe 
may be reduced to one session a week unless there 1s some sign of 
let-up in martial law from Warsaw Both developments are 
consistent with the case argued forcefully last week by Dr Henry 


Kissinger, previously United States Secretary of State and the 
architect both of the concept of détente and of several arms 
control agreements between the Soviet Union and the United 
States In two pungent articles, Dr Kissinger restated his familar 
argument that peace is indivisible, and that a succession of 
agreements on arms control ıs ın itself insufficient, even 
insubstantial The present Admunistration has obviously been 
angered by much of what he said Its responses this week suggest 
that ıt ıs nevertheless prepared to listen 

Can this be wise? The Kissinger doctrine of ‘‘linkage’’ 1s 
politically and tactically impeccable In making an 
accommodation with an adversary, and on the assumption that 
neither side will abandon what it considers to be its essential 
interests overnight, it 1s prudent to seek agreements which provide 
each side with incentives to toe the line and deterrents (not 
necessarily nuclear) against backsliding The essence of the 
Kissinger—Nixon theory of détente 1s that the United States would 
offer the carrot of high technology and trade, gaining in return the 
relatively insubstantial benefits of the Helsinki agreements and of 
détente itself The corresponding deterrents were ultimately 
supposed to be what they have been ever since 1946 One essential 
element in Dr Kissinger’s argument, not restated but substantially 
unchanged, 1s that ıt should be possible to withdraw the carrots 
quickly, making the sticks loom larger Dr Kissinger last week was 
scornful of the growing United States dependence on the 
international trade with the Soviet Union in foodstuffs His 
articles appeared before France had followed West Germany in 
agreeing to buy substantial quantities of natural gas from the 
Soviet Union but his arguments do not apply, as seems to be 
supposed, to the process of negottating, as distinct from ratifying, 
agreements on arms control 

That conclusion can be reached without much difficulty The 
experience of the past few years has shown that the parties most 
acutely embarrassed ın negotiations are those who feel bound to 
reject sensible proposals The United States Admunustration has 
turned up at Geneva with an in-built advantage — President 
Reagan’s declaration in November that he (but not necessanly 
Congress) would settle for the ‘‘zero option’? — no nuclear 
missiles (as distinct from aircraft) of any kind in Europe The 
general opinion, borne out by such official Soviet statements as 
there have since been, is that Mr Reagan was offering a clever 
bargain, as much a stick as a carrot Does ıt make sense, having 
raised such a possibility, to allow the discussion of this proposal to 
slip into the background noise, like the continuing negotiations ın 
Vienna on the reduction of conventional forces in Europe? For 
that matter, can ıt make sense, 1f the United States seriously 
believes ıt has a moral advantage because of Poland, that Mr Haig 
should so ostentatiously fail to raise with Mr Gromyko the matter 
of how far the Soviet Union might be prepared to go on a 
replacement treaty for Salt II? 

The underlying difficulty 1s that, on arms control, while the 
more important negotiations are bilateral between the United 
States and the Soviet Union, neither party 1s as free as 1t supposes 
Paradoxically, the negotiators must constantly have ın mind the 
electorates of countries other than their own Or they should The 
willingness of the government of France to contract for adecade’s 
supply of natural gas from the Soviet Union should be a reminder 
that France ıs a European state The nervousness of the Bonn 
government about the future of Central Europe 1s also a measure 
of the more general concern that alternative governments would 
pose more complicated problems And who supposes that all 
members of the Soviet government have slept soundly at nights 
during the past momentous eighteen months? Mr Haig should 
talk, not sulk 

The moral ıs, or should be, simple Talking about arms control 
is better than sulking Talking about arms control to a potential 
partner at a moral disadvantage may be especially productive 
Not to talk at all, or to talk only one day a week, 1s silly And 1s 
there not always a chance that the process will itself be 
worthwhile? In short, the United States should feel free to speak 
up at Geneva and elsewhere without fear of selling itself short — 
or of offending Dr Kissinger 


See 
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Academic freedom and security conflict 


Challenge to 
access rule 


from Stanford 


Washington 

The National Academy of Sciences 
(NAS) moved quickly last week to 
disengage itself from efforts by the US 
State Department to restrict ideas that 
American university research workers are 
allowed to discuss with visiting Soviet 
scientists 

The academy was responding to 
complaints that, ın administering the 
exchange programme between scientists 
from the two countries, NAS officials have 
been routinely passing on instructions 
from the State Department about Jimita- 
tions to be placed on particular individuals 

Scientists at Stanford University in 
California objected earlier this month to 
the academy when such a letter was 
received covering the proposed visit of Dr 
Nikolay V Umnov, an expert ın robotics 
and walking machines, to the university’s 
department of mechanical engineering It 
was to be one of a series of visits which the 
Soviet scientist had requested to 
universities throughout the country 

NAS officials told the university that Dr 
Umnov’s visit had been approved by the 
State Department, but only under certain 
conditions He was not to be allowed access 
to data about programming techniques for 
robots, nor was he to make any industrial 
visits to companies with Defense 
Department contracts The State 
Department has said that, unless waivers 
were negotiated with the Department of 
Defense, Dr Umnov was not to be allowed 
access to unpublished results of 
Department of Defense sponsored 
research even if this was unclassified The 
academy passed these instructions onto the 
five universities Dr Umnov was to visit 

Following a complaint from Dr Bernard 
Roth, a professor in the department’ of 
engineering the university’s dean of 
research, Dr Gerald J Lieberman, wrote 
back saying that Stanford was prepared to 
sponsor Dr Umnov’s visit, but refused to 
accept the conditions imposed by the State 
Department 

“We are not willing to accept 
responsibility for Dr Umnov’s actions — 
either on or off the campus — during his 
visit to Stanford,” Dr Lieberman wrote 
He added that the NAS memorandum was 
a Surprise, saying that ‘‘we believe that the 
best interests of American science and 
technology are served by open exchanges 
of university research activities and hope 
that the academy will visibly support 
universities’ position on this critical issue’? 
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A spokesman for the academy said last 
week that it had been decided to suspend 
the simple transmission of restrictions 
required by the State Department until the 
governing board of the National Research 
Council and the council of the academy 
“has had a chance to examine the whole 
thing from the policy point of view” Both 
bodies meet next month 

As efforts have been made to tighten 
restrictions on visiting scientists, concern 
about the implications have been growing 
on US campuses A year ago, Stanford sent 
a letter on behalf of the presidents of five 
major research universities to the 
Department of Defense, Commerce and 
State, complaining that such a tightening 
could seriously hamper the work of the 
scientific community The president of the 


academy, Dr Frank Press, has also 
expressed publicly his concern about 
suggestions from the deputy director of the 
Central Intelligence Agency, about the 
need for greater caution in the publication 
of research results in fields such as lasers 
and computer software 

Last year a group set up jointly by the 
National Security Agency and the 
American Council on Education agreed to 
establish a system by which research results 
In cryptography could be voluntarily 
submitted to a review committee before 
publication, to determine whether the data 
should be withheld on national security 
grounds The academy has to agree to 
accept a request that ıt nominate two 
members of the review committee, a move 
which could be taken as endorsing the idea 


Harvard guidelines for avoiding fraud 


Washington ‘ 

A national conference involving both the 
National Institutes of Health (NIH) and 
the nation’s research universities should be 
convened to consider a number of 
‘unanswered questions’? about dealing 
with suspicions of falsified research data, 
according to a committee of inquiry set up 
by Harvard Medical School to investigate 
the circumstances surrounding the 
admitted fabrication of data by a scientist 
Studying the prevention of heart attacks 
(see Nature 24/31 December 1981, p 584) 

The committee, chaired by Dr Richard 
S Ross, dean of Johns Hopkins Medical 
School, has given its general approval of 
steps taken by the medical school after 
colleagues discovered that Dr John R 
Darsee was faking some of the raw data ın 
an experiment in May 1981 

In its report, which was published in 
Boston on Monday, the committee 
describes how Dr Darsee was stripped of 
his position as a research fellow, as well as 
being removed from staff positions at the 
Brigham and Women’s Hospital, as soon 
as the fabrication of data had been 
confirmed, and that his NIH research 
fellowship was removed at the same time 
The medical school denied on Monday that 
it had been wrong to keep Dr Darsee 
involved in research at another laboratory 
in Harvard, or that ıt had been slow to raise 
public warning signals about his research, 
claiming that ıt had been some time before 
an internal investigation revealed just how 
extensive the fabrication of data may have 
been, and that up to that point Dr Darsee 
had gained a reputation as a talented and 
hard-working research worker 

The report of the review committee, 
which was set up at the invitation of the 
dean of Harvard Medical School, Dr 
Daniel Tosteson, says that ıt considers the 
medical school’s response to have been ap- 
propriate for what was known at the time 

The committee makes twe specific 


recommendations to the medical school 
First, 1t should establish a committee of 
senior faculty members that can be called 
upon to investigate any suspicion of 
fraudulent data gathering And second, the 
medical school should improve the internal 
communication system, so that people can 
be informed confidentially if a research 
worker under suspicion in another 
department has any connection with their 
own research In the case of Dr Darsee, 
colleagues in the laboratory in which he 
was allowed to continue working were not 
aware of the charges made against him 
elsewhere ın the medical school 

The committee also makes some general 
suggestions about how the scientific 
community might take steps to make it 
harder for an individual to publish false 
results For example, it criticizes the 
practice of publishing small batches of 
research findings ın a number of different 
publications, rather than concentrating 
them ın a single, major publication, more 
likely to receive close scrutiny from the 
scientific community 

The committee also suggests that 
laboratories should agree on explicit 
procedures for data gathering, storage and 
analysis, and that these should be written 
up and be generally available to research 
workers In Dr Darsee’s case, he was 
unable to produce much of the raw data on 
which some of his research results were 
based, although the committee found that 
1t was general practice in the laboratory 
that such data should be preserved 

Finally, the review committee suggests a 
national conference to look at the whole 
area of the falsification of research Topics 
which it says a conference might address 
would include what the responsibility of an 
Institution discovering dishonesty among 
its research staff should be with respect to 
other institutions, the scientific and 
medical community and the general public 

David Dickson 
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of pre-publication review 1n selected areas 
of research 

Despite several meetings with 
government agencies held over the past 
year, university officials report little 
indication that the government 1s prepared 
to relax its restrictions, in view of the 
prevailing political climate in Washington 

Last Friday, the State Department said 
that Stanford University would not be 
included in Dr Umnov’s visit since it had 
refused to recognize the department’s 
restrictions on what he should be allowed 
to do Scientists at the University of 
Wisconsin also said they were withdrawing 
their offer to host a visit from Dr Umnov ın 
the hight of the department’s actions 

The Soviet scientist’s trip will still 
include one week at Aubrun University in 
Alabama, and ‘‘two or three days” at Ohio 
State University Professor Robert 
McGhee of Ohio State has said that, 
although Dr Umnov was originally to 
spend six weeks at the university, he was 
only prepared to accept the State 
Department restrictions for the shorter 
length of time David Dickson 


Polish academics 


More pressure 


There are unconfirmed reports from 
Poland that Dr Henryk Samsonowicz, 
rector of the University of Warsaw, has been 
dismissed for refusing to accept the new 
rules for the conduct of institutions of 
higher education laid down by the ruling 
Military Council for National Salvation 
Earlier, Dr Samsonowicz was reported to 
have been among the many academics 
interned under martial law regulations, 
while other reports indicate that he has 
been expelled from the Communist Party 

According to Mr Artur Swiergiel, a 
member of the Mazowsze (Warsaw and 
home counties) regional executive of 
Solidarity, who 1s at present working on 
animal nutrition in Cambridge (England), 
the reported dismissal 1s only the tip of the 
iceberg He expects a wave of dismissals 
among the university rectors elected 1n the 
past 18 months according to the new 
democratic procedures, but predicts that 
the expected purge will be far more sharply 
felt among junior academics and research 
students, as ıt was ın 1968 He stresses that 
Western scientists who wish to campaign 
on behalf of their Polish colleagues should 
not concentrate only on the most eminent 
Current lists include Dr Grzegorz 
Bialkowski, vice-president of the Polish 
Physical Society, and Dr Antoni 
Stawikowsk1, vice-president of the Polish 
Astronomical Society, but also therr junior 
colleagues 

So far, Western scientists who have 
approached their local Polish consulates 
or embassies with requests for further 
information about interned colleagues 
have been met with suggestions that if the 
scientist ın question could arrange a job 


for his colleague ın some university or 
laboratory outside Poland, the authorities 
would be quite willing to grant an exit visa. 

Such an arrangement, Mr Swiergiel 
stresses, should not be accepted unless 
there 1s clear evidence that the scholar con- 
cerned definitely wishes to leave Poland, 
since the army newspaper Zol/nierz 
Wolnosci has indicated that Solidarity 
would have to shed ‘‘35,000 intellectual 
advisers’’ before it could be allowed to 
resume ‘‘purely trade union’’ activities 
This theme has been reiterated by 
Stanislaw Ciosek, the Minister for Trade 
Union Affairs, in a recent meeting with 
“‘representative workers’’ from Lodz, who 
stressed that trade unionism in Poland 
must return to its ‘‘class basis’’ 

Under martial law, scientific exchanges 
between Poland and the rest of the world 
have come to a halt In London, the Royal 
Society has no news of Wieslaw Stanczyk, 
who was expected to arrive in January to 
take up an exchange scholarship From 
Finland it 1s reported that exchange fellows 
due in early December failed to arrive, 
although martial law was not declared until 
a few days after their expected arrival 

Scientific exchanges are based on two 
types of agreement — the purely academic 
negotiated with the Royal Society or 
British Academy and those which form 
part of the bilateral agreement on trade and 
technology The financial mainstays of the 
latter are the various economic agreements 
negotiated over the past decade These 
include a licensing agreement between 
Massey-Ferguson tractors in the United 
Kingdom and the Ursus motor works 1n the 
suburbs of Warsaw In one of the latest 
moves ın ‘‘solidarity with Solidarity’’, 
workers at the British plant have voted to 
“black” all spare parts and components 
from Ursus until martial law 1s lifted 

Vera Rich 


UK nuclear power 


At last, a plan 


At long last the British nuclear industry 
has a timetable that can be believed ın The 
*‘wide-ranging’’ public inquiry into the 
design and siting of a pressurized water 
reactor (PWR) at Sizewell in Suffolk will 
begin in January 1982 The ‘‘task force’’ 
set up under Dr Walter Marshall, chairman 
of the United Kingdom Atomic Energy 
Authority, to speed up the design of the 
PWR last week reported that its pre-con- 
struction safety report was complete and in 
the hands of the customer for the reactor, 
the Central Electricity Generating Board 
This 1s in line with the timetable set by 
Marshall last July, as 1s the date set by the 
board for the publication of its full safety 
review — the end of April 

The only fly ın the ointment seems to be 
the Nuclear Installations Inspectorate, 
whose lack of inspectors appears to be 
putting back the pubhcation of its own, 
independent safety report The inspectors 
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will now produce a summary review of the 
generating board’s own safety documents 
in June this year, expressing their reser- 
vations (if any), but may produce nothing 
further before the public inquiry The 
inspectorate’s safety assessment ıs ‘‘an 
iterative process’’ says the chief inspector, 
Mr Ron Anthony. There can be no particu- 
lar point at which ıt 1s best to hold a public 
inquiry too early, and the inspectorate 
would have too little time to study the 
design, too late and ıt would not be possible 
to take the inquiry’s findings into account 
without disrupting the project 

The task force report will not be pub- 
lished, but Dr Marshall last week outlined 
its main features His study concentrated 
on the safety standards and the systems 
demanded by both the inspectors and the 
electricity board which — before the task 
force was set up in July last year — were 
estimated to imply that the British PWR 
would cost 50 per cent more than the 
American Westinghouse/Bechtel 
Corporation system Marshall estimates 
that the extra cost will now be only 20 per 
cent A quarter of that 1s attributable to 
measures intended to minimize _loss-of- 
coolant accidents, a quarter to reduce the 
radiation exposure of workers and the 
remaining half to the use of two rather than 
one turbine for converting steam power 
into electricity. 

The emergency core cooling systems will 
contain four separate high-pressure pumps 
(twice as many as ın French and American 
PWRs) each feeding one of the four 
primary coolant loops and backed up by 
diesel generators, and the outer contain- 
ment will be a four-foot thick concrete and 
steel shell, not the double wall originally 
planned Radiation levels have influenced 
the British design because the electnicity 
generating board is anxious that exposure 
at 1ts projected plant should not exceed that 
at 1ts existing nine plants Thus the task 
force has attempted to reduce exposure by 
providing more space within the con- 
tainment building (150 feet in diameter 
compared with 140 feet) and by the use of 
remote maintenance equipment. 

The board thus hopes to bring individual 
operating exposures down to the level of 
the 0 25 rem per year or so experienced in 
the old Magnox plants The key factors 
seem to be good chemical management of 
the plant, particularly of the primary 
coolant water, and efficient and fast 
maintenance procedures Thus the 
emphasis 1s now less on the design (the 
original version of which called for nearly 
twice as much concrete shielding as the 
American baseline) than on the efficient 
operation of the reactor 

The eventual cost will be within the tar- 
get Marshall set himself six months ago — 
no more than 70 per cent of the cost of an 
advanced gas-cooled reactor At 1981 
prices, this works out at about £1,000 
million for 1,200 MW Nevertheless, this is 
some four times the price of a PWR asest- 
mated by the French, and the National 
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Nuclear Corporation (which would build 
the reactor) and the Central Electricity 
Generating Board (which would buy it) are 
now putting their heads together to see how 
the French do ıt — and whether the British 
price might be brought down The 
generating board intends to announce its 
final estimate of the cost of the station, and 
the price of the electricity that it will 
produce, at the end of February 

Robert Walgate 


Interferon used at last 


The Medical Research Council’s 
Common Cold Unit ın Salisbury, 
England, has resumed tts trials of inter- 
feron as a preventative of rhinovirus 
infection — one of the causes of the 
common cold 

Ten years ago, the centre proved the 
effectiveness of leukocyte interferon, 
prepared from human blood by Dr Karı 
Cantell ın Finland, against rhinovirus 
— but abandoned further work because 
of the high cost of the material Trials 
have been resumed ın the belief that 
genetically engineered interferon will 


"TAKE THREE TIMES A YEAR, 
AFTER WAGE 


INGREASES" 


eventually be so cheap that interferon 
might one day be used to prevent coughs 
and sniffles 

The resumed trials utilize interferon 
which 1s much purer than before It 1s 
obtained either from white blood cells 
or from genetically engineered bacteria 
Both forms are effective at high dosage 
and the next step at Salisbury will be to 
test how far the dosage of interferon can 
be reduced and how late ın the course of 
infection ıt can be administered Then it 
will be up to the manufacturers to 
reduce prices to the level of common 
palliatives such as aspirin — a tall order, 
no doubt, but one which may eventually 
be met The aim 1s to do better than the 
Soviets who currently sell, for about $1 
a time, interferon of such low dosage as 
to be useless Robert Walgate 





US research spending 
Problems in public 


Washington 

Efforts by the Reagan Administration to 
shift significant responsibility for research 
from the public to the private sector have 
produced a new crisis of identity ın some 
national laboratories funded by the US 
Department of Energy 

Established ın the early 1950s largely as a 
means of supporting the research needed 
for both the military and the civilian uses of 
nuclear energy, the laboratories expanded 
the scope of their activities considerably in 
the 1970s as they were given additional 
responsibilities 

Many of the areas of expansion, how- 
ever, such as solar energy and con- 
servation, are precisely those whose 
research budget 1s being most heavily cut by 
the Reagan Administration Furthermore, 
some powerful Republicans are question- 
ing whether it 1s appropriate for the 
government to be involved at all ın areas 
which, they claim, should properly be left 
to the private sector 

Budget figures alone tell a significant 
part of the story For the twelve ‘‘multi- 
programme’’ laboratories run by ın- 
dependent contractors for the Department 
of Energy, the total budget for the current 
fiscal year 1s $2,803 million, $60 million less 
than for 1981 

Given an expected inflation rate of about 
10 per cent, the result will be a significant 
reduction ın overall effort The reductions, 
however, wil] not be shared equally, with 
the two major weapons laboratories, Los 
Alamos National Laboratory and the 
Lawrence Livermore National Laboratory, 
receiving budget increases of 11 per cent and 
16 per cent respectively 

Laboratories hit harder by cuts include 
Argonne National Laboratory near 
Chicago, with a budget reduction of more 
than 25 per cent, while a reduction of 
similar magnitude has been absorbed at 
Oak Ridge National Laboratory, 
Tennessee In both instances, the major 
decreases are ın programmes of research 
into fossil energy, conservation 
technologies and ‘‘other energy supplies’”’ 

A decision last year by the Department 
of Energy, in light of its expected budget 
cuts, to decrease the energy-related 
programmes by 10 per cent from 1980 
levels, has already markedly affected 
staffing Some laboratories have been able 
to absorb most of the technical and 
scientific staff who have been displaced ın 
weapons-related projects, at Oak Ridge, 
for example, many have moved to nuclear- 
warhead production Others have not been 
so lucky Brookhaven National Labo- 
ratory in Long Island has already had to lay 
off 270 out of its total of 3,600 staff At 
Argonne, the reduction so far has been 600 
out of about 4,400 

The prospects for next year do not look 
much better Although precise budget 


proposals will not be known until they are 
presented to Congress by President Reagan 
on 8 February, ıt 1s widely expected that the 
Administration will suggest similar 
reductions for 1983, after that, the 
laboratories can expect level funding at 
best for the next three to five years 

A significant change ın policy direction 
was already indicated ın a memorandum 
last May to laboratory directors from 
Acting Under-Secretary of Energy, Dr 
Raymond Romatowski Under this regime, 
Dr Romatowski said that ın principle the 
multi-programme laboratories should be 
restricted to two main functions The first 
was to conduct basic and applied research 
comprising important ‘‘technology-base”’ 
activities that the private sector ıs 1ll- 
equipped or not motivated to pursue, the 
second was to undertake development 
work in promising areas ‘‘beyond the 
private sector’s capability and interest’’ 

Several review committees are now 
looking at how to put these two principles 
into practice The main review, being 
carried out by the Office of Science and 
Technology Policy, will take some time to 
complete In the shorter term, a panel of 
the Department of Energy’s Energy 
Research Advisory Board has been asked 
by the Deputy Energy Secretary, Mr W 
Kenneth Davis, to carry out its own review 
of the multi-programme laboratories, and 
a final report ıs due by September 

Meeting ın Washington last week, the 
members of the advisory board panel 
agreed to offer various strategies as 
possible options for action ın their interim 
report, due at the beginning of March 

In the course of preparing its full report, 
the panel will be looking at the experience 
of other countries ın running government 
laboratories to see ıf they may provide a 
model for new institutional arrangements 
in the United States 

Whatever proposals are finally accepted 
by the Admunistration, attempts 
significantly to change the current status of 
the laboratories 1s guaranteed to meet an 
uphill struggle in Congress, where many 
have powerful political supporters 

David Dickson 


EEC research and development 


Time for success 


Brussels 

Vicomte Etienne Davignon, European 
Commissioner for Research and Develop- 
ment in Brussels, set alight a rather quiet 
meeting on the evaluation of Community 
research and development on Monday with 
a sharp attack on previous Community 
policies There 1s a ‘‘great deal of 
scepticism’’ about Brussels-sponsored 
research and development, he said, and it 
was time for some successes 

Davignon singled out the seven-year 
gestation of the bioengineering pro- 
gramme, recently agreed at the Council of 
Ministers, as an example ‘‘We came out 
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with a mouse,’’ he said If anyone believed 
the Commission should go through that 
kind of agony again, he was mistaken, said 
the Commissioner The Commission 
should scuttle programmes far sooner 
when member states do not agree 

Not that Davignon ıs against 
Community support for biotechnology — 
far fromit Rather, he appears to detest the 
national bickering which delayed the 
programme solong His policy now1s to set 
up a “‘framework for research”, a broad 
structure of munisterial agreement on 
Brussels research and development policy 
The framework would stretch over, say, five 
years, leaving the Commission room to 
develop detailed programmes within the 


Fusion decision awaited 


Brussels 

The next EEC research council on 
8 March ıs now likely to approve the 
next five-year programme on controlled 
thermonuclear fusion The fear that 
there might be a gap ın the shiding pro- 
grammes, between the last budgetary 
allocation and this, was further reduced 
with the release last week of a 
favourable opinion from the Consulta- 
tive Committee for the Fusion 
Programme, which considers the 
planned financial envelope — 1,500 
million European Currency Units (£750 
million) has been allowed 

Continued membership by Sweden, 
one of the two non-EEC countries par- 
ticipating, 1s, however, ın jeopardy The 
committee observes that Sweden finds 
the cost excessive One difficulty 1s that 
neither Sweden nor Switzerland partı- 
cipates in the EEC’s annual budgetary 
procedure, when the amount of money 
devoted to a programme can be 
adjusted National contributions are 
assessed on the basis of a percentage of 
gross national product, and for Sweden 
more money for the EEC programme 
means less for national research 

The Commission’s thermonuclear 
research strategy, which 1s to concen- 
trate effort on the tokamak line while 
retaining an interest in magnetic con- 
finement, reverse field pinch and steller- 
ators, wins the approval of the com- 
mittee, which nevertheless recommends 
a periodic assessment of the relevance 
of these side-lines to reactor develop- 
ment 

The committee 1s. however, more 
cautious in its views on the step to be 
taken after JET, the Joint European 
Torus now nearing completion at 
Culham ın Britain It recommends that 
plans for the next large thermonuclear 
machine, called NET (for Next Euro- 
pean Torus), should be reviewed again 
before a decision 1s made ın 1984 Like- 
wise the committee 1s noncommittal on 
the need for the proposed tritium 
laboratory Jasper Becker 
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suidelines and giving nation states the 
chance to see a fair return on Community 
investment ın a much wider context 

This framework 1s to be thrashed out 
in the next two meetings of the Council of 
Ministers for research, one in March and 
the next in June If nothing happens in 
1982, the momentum will be lost, says 
Davignon But the transition from the 
present structure to the new one will be 
gradual Some heads have already rolled at 
the Directorate-General for Research, but 
Davignon’s cabinet insists that the night of 
the long knives will not last long The ob- 
jective is to use existing staff in new ways, 
Davignon claims — although some 
Commission staff remain nervous 

And to what end? To revitalize 
European industry Davignon, whose 
commission also covers energy and 
industry affairs, says Brussels research and 
development has a way of redirecting 
European economic development, to fill 
gaps — such asın telematics and computers 
— in relation to the Japanese and United 
States competition To achieve this, 
Davignon 1s prepared to be surprisingly 
flexible, and sees a role for the Commission 
even in helping to set up bilateral research 
and development projects among member 
states, and in giving international pro- 
motion to national centres of excellence. 
Davignon hopes member states will agree 
to his ambitious programme because of the 
economic risks involved ın not doing so 

Robert Walgate 


US university funding 


Tax act fails 


Washington 

Universities in the United States are 
complaining that so far they have benefited 
little from the Reagan Admumnistration’s 
attempts to augment spending on research 
by tax cuts rather than direct support 

On the one hand, the tax cuts were 
structured ın such a way that ıt has been 
equally, ıf not more, tempting to a 
company to increase its internal research 
efforts rather than contract work to out- 
side groups On the other, there 1s a feeling 
that the new incentives will have little effect 
on some of the largest companies which 
already have relatively low tax liabilities 

Two parts of the Economic Tax 
Recovery Act signed by President Reagan 
last summer were supposed to help uni- 
versities, one a tax credit designed to 
Increase industry support for basic re- 
search at universities, the other a new 
deduction for industries contributing 
research equipment to universities 

“Neither appears to hold significant 
promise,” Dr John C Crowley of the 
Association of American Universities 
(AAU), which follows legislative affairs 
for the major US research universities, told 
a recent meeting of the American 
Association for the Advancement of 


Science 


Dr Crowley quoted a letter from Mr B J 
McKelvain, an analyst with General 
Electric Company, which has been among 
the most aggressive companies seeking tax 
incentives to boost spending on research 
and development Mr MckKelvain presents 
the company’s estimate that the research 
tax credit will result ın an increase of less 
than two per cent in industry-funded 
research 

The difference in the incentive for 
Increased support of university research 
compared with in-house work 1s probably 
“negligible”, Mr McKelvain had written 
And although he says that the incentive for 
equipment donations should result in some 
increased giving, ‘‘we would not expect the 
response to have a significant impact on the 
critical shortage of state-of-the-art equip- 
ment available for university research’ 

The principal reason for this pessimistic 
assessment 1s based on the narrow scope of 
the tax provisions For example, any 
equipment donated by a company must 
have been manufactured by that company 
and cannot contain purchased parts 
accounting for more than 50 per cent of the 
tax costs 

‘“‘Desp:te these limitations, the equip- 
ment donation provision ıs a start in the 
right direction If broadened somewhat, it 
could have a considerable impact on the 
problem”, said Dr Crowley, one of the co- 
authors of a report prepared by AAU for 
the National Science Foundation two years 
ago This formed the basis for the Carter 
Admiunisiration’s proposal to provide an 
additional $7 million in the foundation’s 
budget for university research equipment, 
but was one of the first items to be cut by 
the Reagan Administration when it came to 
power last January 

As for the broader impact of the new tax 
laws, Dr Crowley concludes that the 1981 
Tax Act offers ‘‘only token incentives for 
research support and donations of research 
equipment by industry”’ 

This view 1s confirmed by officials 
from several major universities Mr 
Stuart H Cowen, for example, vice- 
president for financial arrangements at the 
Massachusetts Institute of Technology, 
said that, so far, the institute had ‘‘not seen 
much effect of the new tax law’’, although 
speculating that companies may be holding 
back until the Treasury Department 
publishes detailed guidelines on how the 
law will be interpreted 

Although disappointed, few university 
officials are surprised at the apparent 
failure of the bill Whereas they had pushed 
hard for inclusion ın the tax legislation of a 
clause allowing companies to write off all 
contributions tq university basic research 
against tax, the Treasury Department was 
not convinced that the value of this move 
would outweigh the costs in terms of lost 
revenue, the bill as finally passed by 
Congress merely allows for tax relief on the 
amount that support for such research 1s 
increased by a company 

Several congressmen are hoping to 
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introduce legislation that would reinstate 
the original objective 

The universities are also worried about a 
new bill passing through Congress which 
could require that up to three per cent of 
the federal government expenditure on 
research and development should go to 
small businesses David Dickson 


Telecommunications 


Gear on sale at last 


Users of the British telephone network 
can now legally buy handsets from retail 
shops This 1s the first tangible effect of the 
Telecommunications Act, passed last 
November to liberalize part of British 
Telecom’s business Users may, however, 
be disappointed that the choice of tele- 
phones on the market has not yet ın- 
creased So far, only four types of handset 
have been certified for sale through general 
retail outlets, all of which British Telecom 
also markets itself Twenty-five further 
requests for certification are waiting in the 
wings 

The aim of the act 1s to encourage open 
competition between manufacturers of 
equipment for connection to the public 
network British Telecom will still retain 
control of the network but will have the 
right to connect only the first instrument 
The liberalization is to be phased over three 
years, Starting with handsets and discrete 
modems (digital analog interfaces, as they 
are known ın the trade), followed by integral 
modems this spring, equipment not using 
call switching or loudspeakers ın July, 
simple telex-teleprinters ın October and, 
finally, private automatic branch ex- 
changes (PABXs) ın July 1983 

The British Standards Institution (BSI) 
has been charged with the task of drawing 
up compatibility standards for each type of 
equipment Certification of individual 
items will be taken over by a newly-created 
subsidiary of the British Electrotechnical 
Approval Board (BEAB) later in the year 

So far, the liberalization seems to be 
going according to plan But users and 
manufacturers have been concerned that it 
may be too slow The system cannot get 
into full swing until BSI, which must follow 
lengthy procedures under its charter, has 
drawn up standards and BEAB has set up 
the machinery required for certification 
Moves by BSI, however, to reorganize 
existing staff and appoint more and to 
reduce the time taken for public comment 
on draft standards to one month seem to 
have quelled some fears First drafts for 
seven standards including plugs, handsets, 
modems, teleprinters and appliances to be 
connected to private circuits leased from 
British Telecom, are due to be published 
within a few months Earlier wrangles over 
the terms under which BEAB would 
operate also seem to have been resolved It 
is now hoped that an independent sub- 
sidiary will go into business in July 

Meanwhile, manufacturers have little 


alternative than to accept the role of British 
Telecom, one of their competitors, as the 
approval agency and that of the Depart- 
ment of Industry ın selecting applications 
for consideration These interim arrange- 
ments, however, do not seem to have been 
a deterrent The department has already 
received applications for many types of 
equipment, the latest being for PABXs 
from Ferranti, GTE, Harris Systems, Mitel 
Telecommunications, ITT Business 
Systems, Philips Business Systems, and 
Plessey Office Systems One company, 
International Business Machines, 1s 
planning to be use the liberalization to 
introduce equipment new to the British 
market It ıs installing an Integrated 
Networking System, which allows separate 
telephone switchboards to operate as one, 
at the American Express International 
Banking Corporation 
On terminal equipment at least, there 
seems to be continued optimism that the 
liberalization will work without destroying 
too many manufacturers’ hopes 
Judy Redfearn 


Soviet biotechnology 


Keeping a secret 


Last month’s annual general meeting of 
the Soviet Academy of Sciences placed a 
special stress on the development of Soviet 
biotechnology Academician Ovchinnikov 
stressed especially the achievements of bio- 
technology Soviet scientists, he said, were 
now leading the world ın ‘‘anumber of very 
important branches of biology’’ 

Ovchinnikov’s summing-up covers a 
major confrontation during the past year 
among scientists involved in bio- 
technology There appears to have been a 
power struggle between Ovchinnikov and 
his supporters from the physical chemical 
wing and Academician Dubmin repre- 
senting the biologists After some 
manoeuvring, Ovchinnikov emerged 
victorious and Dubinin retired from active 
scientific life At the same time, there was 
considerable criticism in the Soviet press of 
the management of molecular biology 
research which, since May 1974, has had 
“top priority’’ status 

Another and more interesting confron- 
tation has apparently been going on 
between the academy’s biologists and the 
military scientific sector This began two 
years ago when Professor David Goldfarb, 
a Jewish biologist, applied to emigrate to 
Israel Professor Goldfarb had previously 
been involved ın work on bacterial 
plasmids, and therefore, according to the 
emigration authorities, his work could be 
classified as secret Several Western 
sctentists wrote to Academician 
Ovchinnikov on Professor Goldfarb’s 
behalf, but recerved only noncommittal 
answers According to the latest infor- 
mation, however, certain academicians 
have spoken out clearly to say that in their 
opinion Professor Goldfarb’s work was 


not secret This accords with the fact that 
Professor Goldfarb was never cleared by 
the security authorities for access to secret 
information The whole matter appears to 
reflect not merely the usual blocking of a 
Jewish scientist wishing to emigrate but a 
genuine conflict between the academy and 
the security establishment over what 1s and 
Is not secret information ın the field of 
biotechnology Vera Rich 


Pasteur institute 


Rien ne change pas 


Paris 

Francois Gros, science adviser to the 
prime minister of France, has thrown ın his 
lot with politics He has resigned as director 
of the Institut Pasteur in Paris, one of the 
most famous of laboratories The 
laboratory was founded ın 1888 by Louis 
Pasteur, and since then ıt has been directed 
by a series of well-known biologists Gros, 
a Nobel laureate himself, took over from 
Jacques Monod The call of the new 
politics ın France must be great! 

The new incumbent — who took up his 
job this month — 1s Raymond Dedonder, 
60, previously director of the Institute of 
Molecular Biology of the University of 
Paris Dedonder 1s a microbiologist with a 
strong inclination towards the application 
of his work to the economy and to medicine 
— something already well-established ın 
the tradition of the Pasteur He has worked 
with Bacillus subtilis, of interest to 
industrial genetic engineering, and with 
Bacillus thuringiensis, contributing to the 
development of a bacterial toxin against 
certain insects 

It ıs unlikely that Dedonder will much 
change directions at the Pasteur He spent 
a large part of his early career there and so 
is a ‘*Pasteur man’’ — and Gros himself 1s 
likely to continue to take a fatherly interest 
from the prime minister’s office 

So plans made under Gros’s directorship 
— and, in fact, under the previous 
government — will not change A new 
laboratory of immunology has been 
established and a laboratory of bio- 
technology will be set up, to come into 
operation in 1984 The independent 
management of the Pasteur 1s likely to 
continue, despite the fact that half the 
institute’s money comes from government 
Dedonder believes that far from wanting to 
nationalize the Pasteur — as some have 
suggested — the government wishes to take 
it as a model of fruitful symbiosis between 
basic and applied research 

The one change that may come with the 
new directorship — and new government 
— is a greater emphasis on the overseas 
laboratories of the Pasteur, particularly 
those in Third World countries, such as the 
Instituts Pasteur ın Tunis, Algier, 
Casablanca, Dakar and so on, in line with 
the government’s foreign policy 
Dedonder will be encouraging that 
development Robert Walgate 
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All in The Book 


SIR — Creationism ıs on the march again, not 
only ın the United States, but, as the letter 
from the Glasgow creationists shows (Nature 
26 November 1981, p 302), ın the United 
Kingdom as well For a concept as 
theoretically and scientifically destitute as 
creationism, it 1S surprising to many that the 
idea keeps coming back It seems to have the 
resilience of herpes 

It 1s neither easy nor much fun to argue with 
such grass-roots 1gnorance in a calm and civil 
manner Consequently, lest the following 
comments be construed as arrogant, 
condescending, and supercihious, I trust that 
the Glasgow group will take them with good 
spirits The Scots are, after all, renowned for 
their spirits 

Why do these people channel their vast 
intellectual energies against the innocuous 
theory of evolution? Why not against the 
pernicious satanic forces of quantum 
mechanics or particle physics? Why do they 
insist upon biblical literalism only ın this 
specific case? After all, Leviticus 11 19 
classifies the well-known mammal, the bat, as 
a bird Jesus Christ (in Luke 23 43) says to his 
friends on the cross, ‘“Today you will be with 
me ın paradise,’’ but everybody knows he did 
not show up ın paradise himself until three 
days later Why should anyone want to take 
Genesis 1 more literally? 

Nineteen centuries ago, Josephus wrote that 
Moses ‘‘speaks some things wisely, yet 
enigmatically, and others allegorically’’ 
(Antiquities of the Jews, Preface, 4) Slightly 
later, the early Church father Origen wrote ın 
his De Principus (1V,1,5) ‘‘Who that has 
understanding will regard the statement as 
truthful that the first three days existed 
without Sun, Moon, and stars, and the first 
day without even a sky? And who 1s so 
ignorant as to suppose that God, asifa 
husbandman, planted a real tree in Eden such 
that anyone eating of ıt with bodily teeth 
should obtain lıfe, and, eating of another tree, 
should come to the knowledge of good and 
evil? No one, I think, can doubt that 
(these things) are related figuratively, not 
hterally, in Scripture, and some mystical 
meaning may be indicated by ıt ”’ 

A single millennium after that (and before 
now) Maimonides concluded (Guide for the 
Perplexed, 11, xxv) ‘‘If we accepted the 
Eternity of the Universe and assumed, 
with Plato, that the heavens are likewise 
transient, we should not be in opposition to 
the fundamental principles of our religion ” If 
the Bible was taken figuratively by scholars 
tens of centuries ago, who presumes to assert 
that ıt must now be taken at face value? What 
new information affirms the inerrancy of the 
Bible more now than ın the time of Christ or 
Aquinas? 

As a work of mythology and moral 
precepts, the Bible 1s probably as good as 
anybody’s except, of course, where Jael 
kills Sisera by nailing his head to the floor, 
Dinah 1s raped by Shechem and Lot 1s seduced 
by his own daughters However, the Bible 1s 
neither among the most original nor 
imaginative of such works, as a glance through 
the mythology of nearly any culture on Earth 
will quickly reveal 


Nevertheless, those fatuous enough to 
require a biblical justification for everything, 
including evolution, might turn to Ecclesiastes 
3 19 — ‘For that which befalleth the sons of 
men befalleth beasts As the one dieth, so 
dieth the other, yea, they have all one breath, 
so that man hath no pre-eminence above a 
beast, for all 1s vanity All go unto one place, 
all are of the dust, and all return to dust °’ 

The creationists claim that we may come to 
know the Creator by deducing Him from his 
work on Earth Well, we know that there are 
750,000 species of insect now alive Anyone 
who has ever had a conversation with an 
entomologist knows what a deadly dull lot 
those fascinated by insects can be To envision 
the Creator expending his divine energy on 
three-quarters of a million different, 
meticulously crafted bugs necessitates an 
image of Him as a dismal, insufferable, 
cosmic bore! 

The patterns of the history of life also argue 
eloquently about the Creator’s revelation of 
himself As Haldane put ıt half a century ago 
“Most lines of descent end ın extinction, and 
commonly the end 1s reached by a number of 
different lines evolving ın parallel This does 
not suggest the work of an intelligent designer, 
still less of an almighty one ”’ 

Similarly, the fact that humans and 
chimpanzees hold more than 97 per cent of 
their genetic material in common should 
suggest that either they have evolved from a 
recent common progenitor, or that they were 
zapped into existence independently by 
Someone lacking a great deal of imagination 

The belief in such an Omnipotent Simpleton 
1s certainly a matter of personal choice, but his 
existence (or lack thereof) 1s completely 
independent of the reality of evolution For 
the natural world all but cries out for us to 
acknowledge phylogenetic relationships, and 
these relationships will be equally real to 
science whether or not deities exist 

Thus, evolution 1s not atheistic, 1t 1s 
agnostic The existence of deities 1s not denied 
by evolution — it 1s ignored, because 1t 1s 
irrelevant The study of evolution 1s the study 
of the diversity and unity of known life, the 
existence of God 1s as relevant to evolution as 
the existence of giant boll weevils on the planet 
Antares Either things have evolved, or they 
are designed to appear to have evolved — 
either way, science leads to the conclusion of 
evolution, the only paths to non-evolution are 
fraud and obscurantism 

Finally, one need only compare the last page 
of the first and sixth editions of The Origin of 
Species to see that even Darwin never 
completely ruled God out 

Well, everybody makes mistakes 

JON Marks 
Department of Anthropology, 
University of Arizona, 
Tucson, Arizona, USA 


Safe as 2,4,5-T? 


Sır — One of us (H F T ) reported last year 
on 2,4,5-T use and congenital abnormality 
rates in Hungary! Since that report more 
information has become available on the 
herbicide used and on congenital abnormality 
and spontaneous abortion rates 


The Hungarian herbicide 1s applied either as 
Klorinol, the 2,4,5-T precursor, 2,4,5-trichlor- 
phenoxyethanol (2,4,5-TE), or as Buvinol, a 
combination of 2,4,5-TE with S-triazine 
Buvinol 1s one of the most important products 
of the Budapest Chemical Works, which 
marked its 100th anniversary by publishing a 
book about ıt entitled The Development of a 
Pesticide as a Complex Scientific Task2 This 
monograph was published ‘‘as a tribute to the 
skill and many years of painstaking work 
performed by the research team and to reflect 
the standard and modern conditions of 
Hungarian pesticide research’’2 The editor 
suggests that the development of Buvinol 
‘may be considered a real — even if not ideal 
— model of modern pesticide research’’2 

Development of the chlorinated phenoxy 
alkanols was conducted between 1962 and 
1975 In 1969 contamination of 2,4,5-TE by 
dioxin (TCDD, 2,3,7,8-tetrachlorodibenzo-p- 
dioxin) was discovered The level of TCDD 
contaminant until mid-1972 was up to 1 6 
ppm After that date improvements in the 
formulated product reduced the TCDD 
contaminant to levels below 0 1 ppm The 
extensive animal testing of 2,4,5-TE and 
Buvinol included studies of acute toxicology, 
neurotoxicology, teratogenicity and 
carcinogenicity2 Chromosomal studies were 
also undertaken of workers manufacturing 
2,4,5-TE and Buvinol2 The general 
conclusion reached on the basis of all these 
studies was that if proper labour safety 
measures were taken and the relevant 
regulations for residues observed, no health 
hazard would arise The production and 
consumption of 2,4,5-TE in Hungary has 
therefore continued to rise In 1976, 1977 and 
1978 consumption of 2,4,5-TE (total product) 
was 1,278, 1,533 and 1,753 tonnes 
respectively3 Trends ın congenital anomalies 
and stillbirths have continued as described 
previously! despite rising herbicide 
consumption 

Between 1970 and 1980, there has also been 
a consistent fall in the national spontaneous 
abortion rate (16 3 to 11 8 per cent of all 
recorded conceptions, excluding those 
terminated by induced abortion) The highest 
rates of fetal deaths occur in Budapest and the 
lowest ın the country areas There have been 
no reports in Hungary linking congenital 
abnormalities or spontaneous abortions with 
the use of 2,4,5-TE Furthermore, a study of 
female agricultural workers exposed to 
2,4,5-TE found no evidence that their 
offspring had a higher rate of congenital 
abnormalities4 

H F THOMAS 
MRC Epidemiology Unit, 
Cardiff, UK 


A CZEIZEL 
Department of Human Genetics, 
National Institute of Hygiene, 
Budapest, Hungary 


1 Thomas, H F Lancet n, 214-215 (1980) 

2 Bankı, L (ed) The Development of a Pesticide as a 
Complex Scientific Task (Budapest Chemical Works, 
Medicina, 1976) 

3 Food and Agncultural Organisation. Production Yearbook 

1979 (FAO, Rome, 1979) 
4 Szabuka, M etal Magy Noorv Lap 43, 527-534 (1980) 
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Mirror-image navigational errors 


in migrating birds 


EXAMPLES of the navigational accuracy of 
migrating or homing birds are plentiful the 
Arctic Tern commutes 18,000 km between 
its Arctic breeding grounds and sub- 
Antarctic wintering grounds, the Laysan 
Albatross ıs born on Midway Atoll and 
wanders the ocean for about eight years 
before returning to Midway to breed, the 
first year young of New Zealand’s Long- 
tailed Cuckoo head out over the Pacific, 
unaccompanied by adults, to find and 
winter on tiny islands up to 8,000 km away 
But there are also examples of navigational 
‘failure’ These could be of special signi- 
ficance because they may give us some 
insight into how navigation normally 
occurs 

Particularly interesting are examples! 5 
of mirror-image navigational error The 
phenomenon was first observed ın western 
North America by David DeSante (Point 
Reyes Bird Observatory, Stinson Beach, 
California) He found that some out-of- 
place birds appearing on the California 
coast ın autumn were following a westerly 
bearing which was a mirror image of their 
normal migration path, that 1s, they were 
taking the correct bearing with respect to 
the north-south axis, but choosing the 
wrong east-west (right—left) sense of that 
angle He made map comparisons of the 
aberrant and normal migration tracks and 
their timings and carried out behavioural 
tests which proved the captured vagrants 
unable to tell left from right ın the test 
context®!° 

The story starts in the 1960s, when 
growing numbers of bird-watchers on the 
coast of California began searching for 
rare birds It turned out that, in the 
autumn, rare individuals of almost every 
species of New World warbler (Parulidae) 
typical of eastern North America appeared 
on the west coast!! 2 However, different 
warbler species were very differently rep- 
resented among these rare vagrants, two 
species (Blackpoll and Palm Warblers) 
accounting for nearly as many records as 
the other 28 species These vagrants could 
not be just wind-blown birds, as had been 
previously suggested!3:!4, for then warblers 
starting from the same breeding grounds 
would reach California simply in 
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proportion to their breeding abundance 
Relative abundances combined with small 
deviations from the normal migration 
route can account for some of the 
differences among species!? but big 
unexplained anomalies are left 


Atlantic 


Gulfo p= 


Mexico o 


Mexico Caribbean 


South 


Fig 1 Some northern North American 
warbler species, that normally migrate 
south-east in the autumn, do so via the 
Atlantic coast (dashed mnght-pointing 
arrows), others via the Gulf coast (solid 
right-pointing arrows) The left-pointing 
arrows indicate routes that would account 
for vagrants of each type of species 
reaching California by mirror-image mis- 
orientation (After ref 7 ) 





Parulid warblers normally set out from 
their breeding grounds and fly overland ın 
a series of single might slights, covering 
about 300 km ın a night and resting about 
four days between flights to feed and 
replenish fat reserves They then make a 
long overwater flight across the Gulf of 
Mexico, Caribbean, or west Atlantic to 
reach their wintering grounds ın Central or 
South America or the West Indies During 
the overwater flight landmarks are absent, 
and it ıs thought that immature birds, on 
their first autumn flight south, follow a 


Jared M Diamond ıs Professor of Physiology at 
the University of California Medical School, 
Los Angeles, California 90024 


given (genetically specified) compass 
direction for a given distance or time!5 
They thus need an inherited knowledge of 
the correct compass bearing, plus the 
ability to determine a compass reference 
point (for example, by circumpolar stars!®) 
to follow the correct migration route 
Adults, on the other hand, have already 
made one round trip and are thought to 
have knowledge of the map coordinates of 
the breeding and wintering grounds plus an 
ability to determine their present location 
Over ninety per cent of the vagrant autumn 
parulids on the California coast are 
immatures, presumably dependent on 
‘distance-and-direction’ navigation 
Misorientation and disorientation 

Timing of west coast arrival makes it 
possible to distinguish errors of 
misorientation from errors of disorienta- 
tion, that 1s, an inability to follow any con- 
sistent direction For each species DeSante 
tabulated the mean arrival date of normal 
(easterly) migrants at stations on the US 
Atlantic or Gulf coasts and, measuring 
distances from the centre of the breeding 
range, predicted a date of west coast arrival 
assuming a direct great-circle flight path 
and one 300 km night flight every four 
days (see Fig 1) The predicted arrival 
dates for each species agreed, on average, 
with the observed ones to within one day, 
even though the arrival time of different 
species differed by nearly a month and the 
west and east coast arrivals of the same 
species also differed by up to a month 
because of the different distances from the 
breeding grounds The vagrants are thus 
not disoriented but misoriented they are 
covering distance at the same rate as 
normal migrants, but on the wrong 
bearing 

What type of misorientation error might 
the vagrants be making? One simple possi- 
bility, that the birds were following a 
reversed (180° out) bearing that would be 
appropriate for the return to the breeding 
grounds ın the spring can be ruled out bya 
glance at the map — the commonest 
Vagrant species breed entirely north of 
Cahfornia Are the vagrants following 
an actual mirror image of their normal 
Orientation path or are they simply mis- 
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oriented ın the sense of having inherited the 
wrong bearing or a wrong reference point? 

-Most of the vagrants can be assigned 
to two groups those that normally bear far 
east from their breeding grounds to the 
Atlantic coast, then fly over the western 
Atlantic to the West Indies or South 
America, and those that normally bear 
closer to south to the Gulf Coast, then 
across the Gulf of Mexico to Central 
America The two possibilities above make 
quite different predictions when one 
compares the Atlantic and the Gulf 
migrants with respect to their frequency 
and time of arrival in different parts of 
California Murror-image misorientation 
would, for instance, cause the northern 
California contribution to all Californian 
records to be higher for Atlantic than for 
Gulf migrants, while simple misorientation 
would not 

Examination of the data consistently 
indicated mirror-image misorientation 
This conclusion 1s consistent with the 
different frequencies of different species or 
vagrants the two most frequent vagrants 
are Atlantic migrants, although they are 
much further off-course than Gulf 
migrants ın California N 
Mirror-image misorientation in the 
laboratory 
It 1s no easy task to demonstrate mırror- 
image misorientation in the laboratory 
because ıt 1s, after all, rare even to see the 
vagrants in California, let alone catch 
them All Californian bird-watchers 
combined saw only about 150 individuals 
per year ın the decade 1962-72 

De Sante went to the isolated Southeast 
Farallon Island off the Cahfornia coast, 
where lost overwater migrants concentrate, 
and succeeded ın catching alive, in three 
years’ autumn operations, 24 individuals 
of the commonest vagrant, the Blackpoll 
Warbler Under a clear moonless sky he 
tested them individually in an Emlen cage, 
an inverted paper cone with an ink pad at 
the bottom, such that the bird fluttering up 
the cone (about 80 times per hour) marks its 
direction with inked footprints To analyse 
the inkmarks, DeSante devised optical 
scanning techniques and new statistical 
methods for recognizing multiple modes ın 
a circular distribution, these are important 
and deserve to be more widely known 

The vagrants oriented not just in the 
expected mirror-image direction (WSW), 
but ın four preferred directions (Fig 2)! 
One mode was about 125° (ESE), the angle 
of the normal migratory track The second 
was 1ts mirror image, about 235° (WSW), 
the angle expected for a mirror-image mis- 
orientation flight from Canada to the 
Cahfornia coast The other two modes 
were about 305° (WNW) and 55° (ENE), 
the 180° reverse tracks of the other two 
modes 

The 180° reverse modes are easy to 
explain most autumn migrants on the 
Farallon Islands arrive from the south- 
west, having overshot the California coast 
and the islands ın their southwesterly flight 
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at night, and doubled back north-east on 
their track ın the morning Orientations 
cage studies on normal migrants have also 
noted 180°-reversed modes along with 
normal modes A reasonable 
interpretation 1s that the best strategy for a 
nocturnal migrant finding itself at dawn 
over ocean or unsuitable habitat 1s to fly 
back up its track until ıt regains the coast or 
suitable habitat. 

But why did the migrants orient ESE and 
WSW with equal frequency, when only a 
WSW track could account for their 


305° (WNW) 


235 (WSW) 


Fig. 2 The four preferred orientations of 

caged Blackpoll Warblers caught as 

autumn vagrants m California (After 
ref 7 ) 





appearance in California and an 
alternating ESE/WSW track would have 
taken them ın a zigzag south? In the cage 
experiment they could not tell left from 
right, whereas on migration they 
systematically chose night In both humans 
and animals, left and right reflex responses 
are often encoded together, and 
subsequent success at left/right 
discrimination depends on available motor 
and sensory cues!” It seems hkely that both 
normal and vagrant warblers inherit a 
knowledge of the correct angle with respect 
to the north-south axis, that the normal 
warbler can also use sensory cues to choose 
the correct east-west sense, but that the 
vagrant initially chooses the sense at 
random on the first night and then 
maintains that sense on subsequent nights 
Evolutionary origins 

Parulid warblers have extended their 
breeding ranges far to the north-west since 
the retreat of the Pleistocene glaciers and 
may still be sorting out the new 
navigational techiques needed, including 
left-right discrimination Most of the 
murror-lmage vagrants probably end up far 
offshore ın the Pacific and die There are, 
however, several cases of banded mirror- 
image vagrants returning to the same 
California location ın three consecutive 
winters Two warbler species, the 
Townsend’s Warbler and ‘Myrtle’ race of 
the Yellow-rumped Warbler, have regular 
west coast winter ranges isolated from their 
main winter ranges to the south and east, at 
locations consistent with mirror-image 
migration Hence mirror-image 
misorientation may occasionally lead to 
the evolution of new winter ranges 


A worldwide phenomenon? 
Observations suggestive of mirror-image 
misorientation have been described from 
three other parts of the world First, 
MacLaren’ noted the occurrence of 
western warblers in eastern North 
America They may have taken the mirror 
image (NE) of their normal (NW) 
migration path from their Mexican 
wintering grounds up the axis of Mexico 
Second, the Old World warbler species 
Phylloscopus proregulus, P inornatus, P 
trochiloides and P borealis (Sylwudae) 
breed ın Siberia and normally migrate due 
east ın the autumn before heading south, 
but regularly appear ın low numbers as 
autumn migrants in western Europe!)!8 
Other species whose autumn vagrancies in 
western Europe suggest mirror-image 
misorientation include the pipits Anthus 
novaeseelandiae and A gustavi, and the 
warbler Phylloscopus fascatus Third, 
several races of the wagtail Motacilla flava 
that breed in Siberia and normally migrate 
south-west ın the autumn occasionally 
winter ın Australia and New Guinea, 
suggesting a murror-image flight to the 
south-east?:3 Finally, vagrants of 
numerous species that breed in north-east 
Asia and normally migrate south-west 
follow a mirror-image course south-east to 
western Alaska and the Aleutian Islands, 
and rarely down the North American coast 
as far as California’ Systematic re- 
examination of off-course migrant records 
elsewhere ın the world, especially Europe, 
could yield further examples of murror- 
image misorientation 

Finally, we might speculate that De 
Sante’s work will be linked to the neuro- 
psychological literature on left-right dıs- 
crimination ın humans and other animals 
Humans with impaired left-right 
discrimination!922 often prove to have 
lesions in particular parts of the cerebral 
cortex and other associated sensory and 
motor problems Behavioural and 
neuroanatomical studies of captured 
mirror-image migrants may indicate 
whether birds and‘humans with impaired 
left-right discrimination share similar 
defects DO 
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Meteorite erosion and cosmic ray variations 


from David W. Hughes 


A METEORITE has had a chequered career 
before it finally ends up in a museum store 
room. It seems that meteorites were 
formed about 4.6 x 10° yr ago, but spend a 
great deal of their time buried in some 
larger body; each type is exposed to the 
space environment for a different length of 
time, although a typical value is 107 yr. 

The length of the exposure can be 
estimated by looking at the damage in- 
flicted on the meteorite by cosmic ray bom- 
bardment. Nuclear reactions are induced in 
the elements in the surface regions, and 
leave behind tracks of radiation-damaged 
material analogous to the tracks produced 
by nuclear fission. The tracks extend tens 
of centimetres into meteorites retrieved 
from the Earth’s surface. If the abundance 
of the reaction products can be measured 
and their production rate in space is 
known, then the exposure age can be simp- 
ly calculated. Measurements of the rate at 
which the track density varies as a function 
of depth can lead to an accurate estimation 
of the amount of material ablated from the 
meteorite during its passage through the 
atmosphere. 

A problem remains, however. The ex- 
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ILLUSTRATIONS OF NEW OR RARE 
ANIMALS IN THE ZOOLOGICAL 
SOCIETY’S LIVING COLLECTION 


THe Beatrix Antelope (Oryx Beatrix). — The 
antelopes of the genus Oryx constitute a well- 
defined and most beautiful group of the 
Bovine Family. In 1857, the late Dr. Gray 
described a new Oryx species based upon an 
animal received from Bombay, but supposed 
to have been originally brought from some 
port on the Red Sea. The Beatrix Antelope, as 
it was named by Dr. Gray after the Royal 
Princess of that name, remained a somewhat 
obscure species until 1872, when, singularly 
enough, a second living example was received 
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posure ages given by measuring the nuclide 
#K (half life 1.3 x 10° yr) are systematical- 
ly 45 per cent longer than those obtained by 
measuring relatively short-lived nuclides 
such as? Ar, %6C1, Al and !°Be which have 
half lives of 270, 3 x 105, 7 x 105 and 1.5 x 
10° yr respectively. The difference may be 
caused by a temporal variation of the inten- 
sity of galactic cosmic rays. If the intensity 
was 45 per cent higher over the last 10° yr 
than it had been over the previous 10° yr, 
then the anomaly would be resolved. A 
second solution is possible if variations in 
exposure ages are due to some mechanical 
process such as multiple collisions in the 
Solar System or the erosion of the 
meteorite surface. The problem has now 
been tackled by O.A. Schaeffer, K. Nagel, 
H. Fechtig and G. Neukum at the Max- 
Planck-Institut fir Kernphysik, 
Heidelberg, and their findings have been 
published in Planetary and Space Science 
(29, 1109; 1981). 

Multiple collisions 

A specific meteorite could have spent a 
considerable time shielded from the cosmic 
ray flux below the surface of a larger body. 
If the larger body was then fragmented in a 


Bushire, and deposited in the Society’s 
collection. In 1878 a third example of the same 
antelope was received by the Society from 
Commander Burke, of the S.S. Arcot. This 
animal was obtained at Jedda, but was stated 
to have been originally captured in the Hedjez 
passes, some 150 miles in the interior of 
Arabia. The fourth example of this antelope, 
lately presented to the Society by Lord 
Lilford, comes from a still more definite 
locality, the great desert behind the moun- 
tainous district of Oman. It is now therefore 
abundantly evident from these four examples, 
which agree in all material points, that the 
Beatrix Antelope is a good and well-defined 
species, and that its native home is the interior 
of the Arabian peninsula, where it replaces the 
Beisa of the Abyssinian plateau. 

From Nature, 26 January, 295, 1882. 





collision the meteorite could find itself in a 
less shielded position. If the less shielded ex- 
posure lasts longer than a few times the half 
life of the relatively short-lived nuclides 
(that is, longer than a few million years), the 
Be, 3C] and Ar will be in equilibrium 
with the high flux whereas the “K will still 
register the low flux. Unless the change in 
shielding is always the same — something 
that is highly unlikely — the ratio of thetwo 
exposure ages will vary from meteorite to 
meteorite. That ratio has been measured 
accurately in only twelve meteorites. Eight 
of them have the “°K exposure age 1.45 + 
0.10 times the short-lived nuclide exposure 
age. The authors conclude that it is most 
unlikely that such a large fraction of 
meteorites has suffered collisions which 
produce the same exposure age ratio; so the 
cause of this discrepancy must be 
something other than their collision 
history. 

Space erosion 

An exposed meteorite is continually being 
cratered by collisions with cosmic dust par- 
ticles at planetary velocities. As the surface 
is eroded, over time the cosmic ray intensity 
at a given depth inside the meteorite in- 
creases. Schaeffer, Nagel, Fechtig and 
Neukum calculate the expected erosion 
rate in some detail. 

Only three meteorites, Pribram, Lost 
City and Innisfree, have known ‘out of at- 
mosphere’ orbits. Comparing these orbits 
with those obtained for the meteoroids 
responsible for very bright fireballs seen by 
the camera networks gives a mean aphelion 
distance of 2.8 AU for the average 
meteorite. 

Using satellite and lunar microcrater 
data the authors estimate how the flux of 
microparticles (diameters 1 um to | cm) 
Striking the meteorite surface varies as a 
function of particle size and distance from 
the Sun. The collisional velocities of these 
microparticles have also been calculated as 
a function of heliocentric distance. It is 
found that the impact velocity of the 1 — 10 
um particles varies between 15 and 5 km s? 
as the meteorite moves between points 1.25 
and 3.75 Au from the Sun. Larger particles, 
with diameters between 100 um and 1 cm, 
seem to have a relatively constant impact 
velocity of around 9kms'. 

From laboratory experiments, where 
silicate surfaces were exposed to collisions 
with small particles, the authors found that 
the volume, V, excavated by an impacting 
particle of diameter d is given by 
V = 7.94 d32%, Integrating over particle 
sizes, the meteorite orbit produces a mean 
erosion rate for stoney meteorites of 
650 um per million years. 

Dust particles hitting iron meteorites 
excavate less material, and laboratory 
experiments using a light gas gun to 
accelerate particles indicated that the 
eroded volume of iron was a factor of 30 
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smaller than that for silicate rocks. So the 
erosion rate for iron meteorites is about 22 
yum per million years. 

The authors investigated the possibility 
that the dust particle flux had varied as a 
function of time. Microcraters on lunar 
rocks indicate that the flux has remained 
constant within a factor of 2 for the last 20 
million years. There is no information 
about the small particle flux before this 
time. As regards large craters, however, it 
can be concluded that the flux of objects 
responsible for craters with diameters 
between 0.01 and 100 km has remained 
constant to within a factor of 50 per cent 
for the last 850 million years. By comparing 
craters on Mars with those on the Moon the 
authors concluded that there has been no 
change for nearly 10° years in all regions of 
the Solar System between 1 and 4 au from 


the Sun. 

The discrepancy between the *°K 
exposure ages and the *?Ar, !Be and °C] 
exposure ages could be explained if the 
erosion rate of iron meteorites was 200 um 
per million years, but it has been found to 
be nine times less; or if the flux of small 
particles had increased, but it has been 
found to be constant for about the last 10° 
yr; or if meteorites had had the same 
collision history, but this is highly unlikely. 
So one is left with the conclusion that there 
has been a real change in the cosmic ray flux 
in the inner Solar System during the last 10? 
yr. And the meteorites indicate that the 
present flux, the one active over the last 10° 
yr, is about 45 per cent higher than the 
average flux over the previous 10° yr. The 
next problem, needless to say, is to find out 
why the cosmic ray flux changed. E 


Prohormones for vasopressin 


Jrom B.T. Pickering 


“STUDIES on the distribution and bio- 
synthesis of neurophysin within the 
neurones of the [hypothalamo-neuro- 
hypophysial complex] suggest the inter- 
esting possibilities that either neurophysin 
and vasopressin share a common precursor 
or that there is a common genetic unit that 
controls the synthesis of the major com- 
ponents of the neurosecretory substance.” 
Thus wrote Howard Sachs in 1969! and, 
during the past 12 years, more and more 
evidence has accumulated in favour of such 
a common precursor (see, for example, 
ref.2). The final vindication of Sachs’s 
suggestion is reached today with the pub- 
lication, by Richter and his colleagues, of 
the complete amino acid sequence of the 
bovine vasopressin—neurophysin precursor 
(see this issue of Nature, p.299). 

This sequence, deduced from cDNA 
prepared from hypothalamic mRNA, 
reveals no surprises, being composed of a 
leader (or signal) peptide separated by a 
pair of basic residues from the sequence of 
arginine vasopressin which is followed by a 
glycyl residue and a further pair of basic 
amino acids and then the 97 residue 
sequence of bovine neurophysin Il. The 
17.3K precursor is completed with a 
carboxy-terminal 39 residue polypeptide 
which represents the glycopeptide known 
to coexist with vasopressin and neuro- 
physin in the secretory granules of the 
neurohypophysis**, Such a sequence had 
already been predicted in several labora- 
tories, both from isolation of putative pre- 
cursors labelled in vivo and from the nature 
of the polypeptides synthesized in cell-free 
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systems directed by hypothalamic mRNA. 
This is not to detract from the latest work 
of the Richter group, which has not only 
substantiated the size of the vasopressin 
precursor but established the order of the 
component polypeptides within the 
sequence. It will be interesting to see the 
nature of the carbohydrate side chain, the 
biological importance of which is 
unknown. Even moreso because there is no 
evidence for such glycosylation of the oxy- 
tocin precursor which is considerably 
smaller than the vasopressin one. No doubt 
the Richter group will soon provide the 
cDNA, and hence the sequence, of this pre- 
cursor too. 

The successful elucidation of the nature 
of this vasopressin precursor, while con- 
cluding a chapter, does not end the story. 
As discussed in these columns last year, 
Paul Cohen and his group in Paris have 
drawn attention to the presence in bovine 
posterior pituitary extracts of much larger 
molecules (140K) containing the immuno- 
determinants of neurophysin and vaso- 
pressin and thus qualifying for consider- 
ation as putative precursors, This work has 
now been extended® and the 140K species 
has been shown to behave as one of 80K if 
examined under denaturing conditions. 
Moreover, this material appeared to con- 
sist of two components, linked by both a 
labile peptide bond and a disulphide 
linkage, which could be dissociated to give 
a 10K polypeptide that showed sequence 
homology with neurophysin and a 68K one 
which lacked the immunodeterminant for 
neurophysin. Rosenior ef ai.’ also have 
evidence for immunoreactive vasopressin 
and neurophysin species of about 80K and 
40K in rat hypothalamic extracts, and 
consider them to be putative precursors. 

Arguments against such precursors 


come from the failure of extracted mRNA 
te direct the synthesis of products larger 
than 20-25K and, now, from the apparent 
completeness of this message with start and 
stop codons. The French group has 
argued that the 80K molecule might be 
directed by a different mRNA than the one 
preferentially extracted. However, in none 
of the in vivo studies has there been 
indications of incorporation of tracer 
amino acid into immunoreactive neuro- 
physin or vasopressin species larger than 
25K so that such a message would neces- 
sarily be present in minute amounts — 
much smaller than would be suggested 
from the relative proportions of larger 
vasopressin components found by 
Rosenior et al. 

Very recently the 80K vasopressin/ 
neuropnysin putative precursor has taken 
on even more significance. Cohen and his 
colleagues have shown? that its 68K frag- 
ment contains immunoreactive sequences 
for both ACTH and f-endorphin, and that 
biologically active ACTH can be released 
from it by limited proteolysis. They 
interpret their data to suggest the exis- 
tence of a pluripotent molecule which is 
a common precursor for all, or many, of 
the neuropeptides found in the posterior 
pituitary and which they term neurohypo- 
physial coenophorin. 

Quite apart from the rigorous criteria 
necessary to ascertain that large molecules, 
especially those rich in disulphides, do not 
arise from self-association of smaller ones 
(criteria which have been applied by Cohen 
and his associates), it should perhaps be 
questioned whether a large polypeptide 
containing within it the sequence of a 
smaller one is necessarily a precursor of the 
latter rather than vice versa. As part of the 
secretory process a newly synthesized poly- 
peptide is packaged into secretory granules 
and, in every system which has been 
studied, there is evidence for a proportion 
of the secretory product being bound to the 
granule membrane. Could the large 
molecules discussed above represent such 
membrane-bound components which are 
in fact covalently linked to membrane 
proteins? Certainly a membrane- 
associated component from the ACTH 
system might share many of the properties 
of a similar component from the neuro- 
hypophysial system. Its presence in neuro- 
hypophysial extracts might arise from the 
close association of the pars intermedia and 
the pars nervosa in the pituitary gland. 

Whatever their origin, these large mol- 
ecules do present a fascinating problem, 
the solution of which will tell us much more 
about the nature of the secretory process in 
the polypeptide-producing cell. a 
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Is phosphatidylinositol now out of the calcium gate? 


from J.N. Hawthorne 


PHOSPHATIDYLINOSITOL (PI) is a minor 
phospholipid constituent of most 
mammalian cell membranes and has 
attracted attention because of its response 
to the activation of a wide variety of 
surface receptors. Most of the receptors 
concerned mobilize calcium as a second 
messenger and Michell! suggested in 1975 
that PI hydrolysis opened cell surface 
Ca?* channels. His hypothesis has been 
particularly fruitful but recent results make 
it untenable as a general explanation of the 
PI response. 

The original observation of Hokin and 
Hokin? illustrates the PI response. When 
treated with acetylcholine, slices of pigeon 
pancreas secreted amylase. If the incuba- 
tion medium contained 32P-labelled in- 
organic phosphate, secretion was 
accompanied by increased labelling of 
phospholipids which were later identified 
as PI and its precursor, phosphatidic acid. 
It is now generally believed that receptor 
activation causes hydrolysis of PI to diacyl- 
glycerol and inositol phosphates and that 
the labelling seen in the Hokin experiment 
reflects subsequent resynthesis of PI. The 
proposed cycle of events and Michell’s 
suggested link with calcium gating are out- 
lined in the figure. 

As a mechanism for controlling Ca?+ 
influx, breakdown and resynthesis of PI 
seems rather cumbersome. The initial 
hydrolysis is presumed to be at the plasma 
membrane, though there is little clear 
evidence of this. A kinase producing phos- 
phatidate from the resulting diacylglycerol 
may occur in the same membrane, but the 
remaining enzymes for PI resynthesis are 
located on endoplasmic reticulum, so that 
there are transport problems. Another 
difficulty is that the phospholipase hydro- 
lysing PI in response to receptor activation 
is located in the cytoplasm, rather than in 
the plasma membrane as required. Resyn- 
thesis is also costly to the cell, because it 
involves the loss of three high-energy 
phosphate bonds. This seems an expensive 
way to move calcium ions down a concen- 
tration gradient. 

The cytoplasmic phospholipase just 
mentioned is activated by Ca? + , suggesting 
that PI breakdown might be a consequence 
rather than a cause of Ca*+ mobilization. 
However, the PI effect usually seemed to 
be independent of extracellular Ca2+ and 
this provided an important argument in 
favour of the calcium gating theory!3. 
Further support came from the fact that in 
several systems calcium entry in response to 
an ionophore did not cause hydrolysis of 
cellular PI. However in a number of tissues 
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studied more recently, PI hydrolysis 
appears to depend on external Ca?+ . Some 
of these. results, and their implications, 
have been reviewed by Cockroft‘. Further- 
more, reinvestigations of pancreas and 
adrenal medulla, which originally provided 
support for the gating theory, now provide 
results contrary toit. _ 

Farese et al.> repeated the original Hokin 
experiment, showing that cholinergic 
release of amylase from rat pancreatic 
fragments was accompanied by a 
chemically measured loss of PI. Removal 
of calcium abolished both effects and the 
calcium ionophore A23187 itself caused PI 
breakdown in a medium containing 2.5 
mM Ca?+. This implies that the PI loss 
follows calcium mobilization. Work with 
rabbit neutrophils led to a similar con- 
clusion®. Stimulation of these cells with the 
peptide fMet-Leu-Phe in the presence of 
cytochalasin B caused secretion of 
lysosomal enzymes and breakdown of PI. 
Extracellular Ca?+ was essential for the PI 
breakdown, which could be produced in 
response to the calcium-carrying 
ionophore ionomycin, as well as to the 
peptide agonist. In platelets also, hydro- 
lysis of PI can be promoted by either 
thrombin activation or a calcium 
ionophore’. 

Bovine adrenal medulla presents a 
different picture. The PI response is to 
muscarinic but not nicotinic activation, 
and it is certainly independent of external 
Ca*+. However, the physiological 
response, catecholamine secretion, is 
mediated by nicotinic receptors and 
associated with an influx of Ca*+. 
Muscarinic receptors probably modulate 


the secretory process and their activation® 
causes no measurable entry of Ca?t. 
Cholinergic muscarinic receptors present a 
more general difficulty in understanding 
the PI effect. The post-synaptic ones pro- 
duce secretory effects by opening calcium 
gates but the pre-synaptic muscarinic 
receptors usually inhibit secretion. The 
mechanism by which they act is not under- 
stood, but it is likely that they decrease 
calcium availability. Yet activation of both 
pre- and post-synaptic receptors produces 
breakdown of PI. 

Results from some tissues in which 
receptors control Ca*+ mobilization still 
provide support for Michell’s hypothesis. 
One of the most impressive comes from the 
blowfly salivary gland®. This gland secretes 
iso-osmotic KC1 when stimulated by 
5-hydroxytryptamine, a process involving 
PI breakdown and entry of calcium into 
the epithelial cells. Continued treatment 
with the agonist causes loss of a small pool 
of PI and a fall in Ca?+ transport. 
Incubation of the washed glands with 
inositol restores both PI sensitivity to 
5-hydroxytryptamine and transport, 
indicating close links between receptor 
activation, PI hydrolysis and calcium 
influx. In spite of this, there are so many 
systems in which the receptor-linked PI 
loss requires external calcium that a 
universal role for PI in Ca?+ mobilization 
cannot be upheld. 

Michell’s insistence on a link with Ca2+ 
should not be lightly set aside and in this 
respect triphosphoinositide and diphos- 
phoinositide, the phosphorylated 
derivatives of PI, are of interest. They are 
highly labile, have considerable affinity for 
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Ca?+ and are usually found in plasma 
membranes. Both adrenergic and choliner- 
gic stimuli cause breakdown of these 
lipids!®-!!- which would be followed by a 
loss of PI for their resynthesis. Whether 
this could explain the PI response generally 
remains to be seen, since the polyphos- 
phoinositides occur in such low concen- 
trations in most tissues. Polyphosphoino- 
sitides are unlikely to replace PI in a 
calcium gating theory, because their hydro- 
lysis seems to require calcium!!)!?, 
Nevertheless, on the basis that there is a less 
obvious calcium requirement for the vaso- 
pressin-induced breakdown of triphos- 
phoinositide in hepatocytes! , Michell now 
seems prepared to shift his ground from PI 
to this lipid. 

What are PI and polyphosphoinositides 
doing if not Ca?+ gating? There is no 
shortage of suggestions but none provides 
a convincing general explanation. 
Conversion of PI to diacylglycerol, for 
example, could produce a localized 
increase in membrane fluidity. This in turn 
could facilitate exocytosis or protein—pro- 
tein interactions in a membrane. Recent 
work suggests that polyphosphoinositides 
and PI may control protein kinases'*), 
Activation of some receptors leads to 
protein phosphorylation, so the possible 
involvement of inositol lipids deserves 
further study. 

The inositol lipids are rich in arachidonic 


acid aiid re theory of ~~ Pir response 


- is that receptor-linked hydrolysis supplies 


this fatty acid for prostaglandin 
synthesis!*. Since many systems showing 
the PI effect do not require prostaglandins 
for the physiological response, this theory 
cannot apply generally. 

It would be tedious to continue the list of 
inadequate answers to the puzzle of PI. If 
this is goodbye to the calcium gating 
theory, we shall miss it, at least until we 
havea better explanation. ie 
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A new model for giant H I shells 


from J.C. Raymond 


SEVERAL years ago it was realized that the 
energy injected by supernovae can 
determine the overall structure of the 
interstellar medium!?. When it is 
considered that the energy flux of the wind 
of an early-type star is roughly one per cent 
of the stellar luminosity itis also apparent 
that over its short lifetime-of a few million 
years, an O stat transfers more energy to 
the interstellar gas through its powerful 


-wind than it does in its supernova demise. 


(O stars are massive and very hot blue 
objects often associated with dust clouds.) 
Theoretical models of the bubble created 
by such a wind in the surrounding H H 
region have been available for more thana 
decade? and nebulae having very low 
densities near the centre, such as the 
Rosette Nebula, have been considered 
examples of the phenomenon. Since O 
stars are generally formed in groups, it is 
expected that the winds of the stars in a 


group, together with any supernovae | 


resulting from the rapid evolution of these 
massive stars, will act together to produce a 
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larger bubble’. It is only quite recently that 
observations of young star clusters and the 
associated shells have become sufficiently 
precise for a detailed comparison with the 
theories. 

One such investigation has found 
excellent agreement between observations 
of the Cygnus Superbubble and the 
expanding bubble model, but a second, by 
M. Dopita and colleagues, argues against 
the straightforward expansion model for 
an object in the Large Magellanic Cloud’. 
The latter group favours a model in which 
the stellar winds balance the collapse of the 
neutral hydrogen cloud from which the 
stars were formed’. In this model, the star 
cluster is offset from the centre of the 
collapsing cloud with the result that the 
standing shock wave created in the stellar 
wind is oblique. The normal component of 
the wind velocity is thermalized, providing 
the pressure to balance the collapsing 
cloud, while the tangential component 


_ becomes a flow along the inner surface of 
the shell. This flow produces velocity shifts 


which are largest close to two opposite sides 
of the bubble, with a band of nearly zero 
doppler shift (purely tangential velocity) 
across the middle. The model is similar to 


one recently proposed for the origin of 
Herbig-Haro. objects from. the winds of T 


Tauri stars’, 

Dopita ef al. have made a wide variety of 
observations of N70, a giant filamentary 
shell in the Large Magellanic Cloud. It is a 
hollow shell 110 pc in diameter containing 
the O association Lucke 114. Spectra of 
nine stars in the cluster and spectra and 
surface photometry of the shell itself, along 
with radio observations, demonstrate that 
photoionization by the stars accounts for 
the observed emission in the optical lines. 
Neither radio nor optical evidence supports 
the earlier suggestions that the shell is an 
old supernova remnant. 

There are two arguments. against the 
model of the standard expanding bubble 
created by the stellar winds — the age of the 
cluster, about 6x 10° years based on the 
stellar spectra, and the pattern of velocities 
in the’shell, with doppler splittings up to 
90 km s7!. While the inferred mass loss 
rates of the cluster stars are adequate to 
produce a bubble of the observed size with 
an expansion velocity of 40-50 km s~’, its 
age would be less than one million years. 
Unless something like the effect of mass 
loss on the evolution of the cluster stars 
caused an order of magnitude overestimate 
of the age of the cluster, the observed 
doppler velocities of the shell are not due to 
overall expansion. 

The second argument against the ex- 
pansion picture is the pattern of velocity 
splittings. A nice correlation is found 
between the observed velocity splittings 
and those predicted by a model which fits 
the slightly non-circular shape of the 
nebula. The primary evidence against 
expansion comes from several points close 
to the centre of the nebula which show very 
little velocity splitting, though the splitting 
should be largest near the nebula centre if 
the shell is expanding. In the model of flow 
along the bubble surface, this is the region 
where the flow is almost entirely transverse 
to our line of sight. To rescue the expansion 
hypothesis it is necessary to place a high 
density cloud in this section of the shell to 
inhibit the acceleration. Such acloud might 
be consistent with the high surface 
brightness observed in that region. 

If the new model of flow along the inner 
boundary of the shell is correct, a 
reinterpretation of observations of many 
giant and supergiant shells in the Large 
Magellanic Cloud and other galaxies will be 
bes nae A 
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Fluorescence photobleaching in cell biology 


from Ken Jacobson, Elliot Elson, Dennis Koppel and Watt Webb 


Inthe past few years, new techniques have 
emerged to measure the translational 
mobility of fluorescence-labelled 


molecules within microscopic specimens, 


including living cells. The methods are 
based on the photobleaching of discrete 
regions of the samples bearing fluorescent 
molecules, thereby destroying their 
‘emission, and the subsequent observation 
of the recovery of fluorescence due to the 
- diffusion or flow of unbleached fluoro- 
phores from the surrounding region into 
the irradiated area. The speed of recovery is 
directly related to the diffusion coefficient 
or flow velocity of the labelled molecule 
while the degree to which the fluorescence 
regains the prebleach value gives the mobile 
fraction of the measured population of 
probe molecules. | 

The techniques have become known as 
fluorescence recovery: (or redistribution) 
after . photobleaching (FRAP), 
fluorescence photobleaching recovery 
(FPR), or fluorescence microphotolysis 
(FM). In most instruments a continuous 
wave laser is focused by the microscope 
objective on either a micron-sized spot 
or lined pattern on the specimen. The 
simplicity of the techniques has promoted 
their rapid application to measurements of 
translational diffusion in ‘natural. and 
artificial membranes, the diffusion of bio- 
polymers in solution and, most. recently, 
molecular diffusion in the cytoplasm of 
living cells. 

The potential importance of such 
measurements is twofold: first, the 
measured molecular mobility rates may be 
related to cell physiological functions; 
second, by characterizing the structural 
interactions which limit the translational 
mobility of the labelled components, a 
dynamic view of the molecular 
environment immediately surrounding the 
diffusant should be obtained. At this 
juncture, no other: methods give 

comparable information about the 
translational mobility of molecules in 
defined regions of individual living cells 
and their organelles. Advances that have 
‘been made using the photobleaching 
techniques were discussed at a recent meeting*. 

Valuable structural information 
‘concerning cell surface membranes is 
beginning to emerge from comparative 
studies largely based on the well 
characterized red blood cell membrane and 
artificial lipid bilayers. In the latter 
membrane model, photobleaching and 
magnetic resonance techniques have 
yielded diffusion coefficients for lipids, 
peptides and proteins ranging cecal 10% to 
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10-7 cm? s-t; this range of diffusion 
coefficients means that the molecules can 
wander from their starting point a net 
average of several microns im one second. 
In sharp contrast to the protein: mobility 
values in artificial bilayers, cell surface 
(glyco-) proteins, in general, diffuse much 
more slowly, with some fraction of each 
population not being observed to move at 
all on the time scale of the measurement. — 

` Now, experiments on the red cell and 
tissue culture cells are beginning to resolve 
this difference: Groups at the University of 
Connecticut and Harvard have shown that 
agents (for example, polyphosphates) and 
conditions (for example, low ionic strength 
and high temperature) which destabilize 
the submembranous spectrin—actin protein 
matrix of normal erythrocytes also increase 
the lateral mobility of the band 3 integral 


membrane proteins, while the ‘lateral 


diffusion rates of membrane lipids remains 
largely. unchanged. Moreover, band 3 
diffusion rates are some 50 times higher in 
spectrin-deficient spherocytic mouse 
erythrocytes than in normal mouse red 
cells. In the red cell, therefore, the spectrin 
network on the cytoplasmic aspect of the 
plasma membrane is definitely implicated 
in the control of band 3 lateral mobility. A 
remaining question is whether the mobility 
constraints are provided by specific 
binding interactions of the band 3 proteins’ 
cytoplasmic domain with the spectrin 
network or whether diffusion is simply 
hindered by the projection of the 
cytoplasmic domain of the membrane 
protein into a subjacent polymer matrix. In 
a separate attempt to determine constraints 
on lateral mobility, workers at Cornell 
University have studied induced membrane 
blebs on lymphocytes, fibroblasts and 
myoblasts. Protein diffusion in these blebs 
is greatly increased compared with mobility 
in the unperturbed cell surface membranes. 
As actin-specific fluorescent labels show 
that the blebs are largely devoid of 
membrane-associated cytoskeletal 


elements, structures peripheral to ‘the 


plasma membrane are again implicated in 
determining the rates of lateral diffusion of 
surface membrane glycoproteins. 

- So far, however, it has not been easy to 
relate the lateral diffusion coefficients of 
membrane molecules to: biological 
function. These rates, while undoubtedly 
obligatory in many reactions, have not 
been demonstrated to be limiting except 
perhaps in a few cases where metabolic 
reactions occur within intracellular 
membranes, such as the inner membrane of 
the mitochondrion or the endoplasmic 
reticulum. In the future, it seerns likely that 


-precise relationships between lateral dif- 
“fusion and function will be characterized in 


such intracellular membranes. 
The validity of the photobleaching 


techniques has been questioned because of 
the possible harmful effects of the - 
photobleaching light pulse (M.S. Bretscher | 
Trends biochem. Sci. 5, 6; 1980). The - 
potential for membrane -photoda 1a ae 
(that is, protein cross-linking) hasbeen > 
demonstrated in conventional — 
photochemical experiments carried out _ 
under conditions different. from. the | 
photobleaching measurements. Several — 
important experiments suggesting there 
is no appreciable photodamage artefact-in- 
the measurement of lateral mobility have 
been performed at The Johns Hopkins ~ 
University.» When. two spectrally 
distinguishable fluorescent labels were 
directed towards the same cell surface. 
determinant, extensive photobleaching of — 
one of the surface-labels over the entire cell 
did not alter lateral diffusion coefficients 
subsequently determined by spot photo- 
bleaching of the second = label... Also, 
measurements of the membrane diffusion 
coefficient ‘of rhodopsin in the visual 
receptor membrane both by fluorescence 
photobleaching and by a photobleaching 
method. which uses the natural photo-. 
chemistry of rhodopsin yield the same 
values within experimental error. Finally,a 
careful comparison shows that lateral 
diffusion coefficients inferred from rates ~ 
of antigen intermixing on heterokaryons 
and obtained independently by photo- 
bleaching are consistent.. __ 

This ‘latter point has been eleganitly 
extended by workers at the University of 
Connecticut who have shown that 
diffusion coefficients derived from 
membrane protein intermixing following 
red cell-red cell fusion agree with those 
obtained by subsequently. photobleaching 
the identical fused cell pair. However, at 
least one puzzling discrepancy remains to 
be resolved. 

In this issue of Nature (see p.332), M-m. 
Poo gives an estimate ofthe rate: of 
acetylcholine receptor lateral diffusion in 
the: plasma: membrane of embryonic 
muscle: cells from observations of the 
recovery of sensitivity to acetylcholine 
following local inactivation of receptors by 
a-bungarotoxin. Poo finds that. the 
recovery kinetics are consistent with a 
receptor lateral diffusion coefficient of 
~\3.x%10°? om* s-t. This is 50-fold faster 
than that determined by Axelrod ef al. 
(Proc, natn. Acad. Sci. U.S.A. 12, 4594; 
1976) using the spot photobleaching 
technique, which requires that the recep- . 
tor be labelled with fluorescent 
a-bungarotoxin. Furthermore, according 
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to the photobleaching. measurements, 
some 25 per cent of the bungarotoxin- 
acetylcholine receptor complexes were 
immobile on the time scale of the 
measurement, another finding not 
confirmed by Poo’s new experiments. 
These discordant results. raise the 
possibility that the macromolecular 
ligand, a-bungarotoxin, has retarded the 
lateral mobility of the native receptor either 
by direct interaction with other cell surface 
components or, indirectly, by enhancing 
the ability of the receptor to interact with 
other cellular components. Alternatively, 
the rate of diffusion might be reduced by a 
photochemical process unique to this 
labelled ligand-receptor combination in 
the muscle cell membrane. 

While photobleaching techniques have 
so far been largely directed towards 
problems in membrane biology, an exciting 
development has been their application to 
the study of macromolecules in solution 
and within the cytoplasm of living cells. At 
Syracuse University, photobleaching tech- 
niques are being used to study the 
polymerization of actin monomers in 
solution by monitoring the growth of the 
immobile fraction with time and should 


Gravitational lenses 


from Charles Alcock 


ONE of the most exciting recent 
developments in astronomy has been the 
discovery of multiple imaging of quasars. 
There are three confirmed examples??? of 
this phenomenon, and in one case, the 
gravitational lens responsible for the 
multiple imaging has been detected‘. It isa 
large elliptical galaxy near the centre of a 
cluster of galaxies. 

The great virtue of the phenomenon is 
that, by the standards of extragalactic 
astronomy, it can be fairly unambiguously 
interpreted. In each case the optical 
emission line spectra of the different 
images are essentially the same and have 
identical redshifts. 

The general properties of gravitational 
lenses are easy to understand. A galaxy or 
cluster of galaxies will bend light rays 
through small angles, producing (in 
general) an odd number of images of a 
background quasar. Usually there will be 
only one image, but fortuitous projection 
of a quasar behind a galaxy can result in 
three or more images. The image bright- 
nesses differ from the brightnesses that 
would be observed if the lens was absent 
because the beams are focused. a 

Three papers in a recent issue of the 
Astrophysical Journal. explore some more 
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provide a useful alternative to 


conventional viscometric techniques. 


Further, the association of fluorescently 
derivitized actin with existing fibres in live 
cells is being examined at the Weizmann 
Institute. using a combination of micro- 
injection and photobleaching techniques. 
In another novel application, investigators 
at the University of North Carolina and 
Penn State University have shown that the 


diffusion of macromolecules, such as IgG 


and bovine serum albumin, microinjected 
into the cytoplasm. of living fibroblasts is 
retarded 70-fold compared with aqueous 
buffer values; these results suggest that the 
cytoplasmic matrix hinders the free 
diffusion of such molecules. sterically 
and/or through binding interactions 
between the diffusant and the matrix. 
-These emerging. applications. of the 
photobleaching techniques to the study:of 
molecular movement. both within cell 
membranes and within the cytoplasm 
suggest a great potential for this approach 
to provide unique dynamic information on 
cellular structures, particularly when these 
measurements can be interpreted in the 
context of available biochemical and 


ultrastructural data. CI 


speculative suggestions involving gravita- 
tional lenses. In the first, Tyson? revives an 
old suggestion of Barnothy and Barnothy 
that quasars may be the nuclei of Seyfert 
galaxies and appear very luminous because 
an intervening gravitational lens has ampli- 
fied the flux from the nucleus. The 
apparent increase in the density of quasars 
with increasing redshift can then be 
accounted for by the larger probability that 
amplification will occur if the Seyfert 
galaxy is at a greater distance. What is new 
in Tyson’s approach is that he uses his own 
data {obtained using automated pattern 
recognition techniques) on the number 
density of galaxies on the surface of the 
celestial sphere as a function of measured 
flux to calculate the logarithmic slope of 
the number density of quasars as a function 
of measured flux. The answer, d log 
No/ding = 0.9 (where mo = 2.5 log flux) 
is within the range of observed slopes 
(0.86-0. 95). 

The primary difficulty with this modeli is 
that the large (>15 times) amplification 
required is difficult to obtain with gravi- 
tational lenses. Furthermore, high ampli- 
fication should be accompanied by 


multiple imaging but multiple images have — 


only been detected in three cases out of the 
nearly 1,000 known quasars. In addition 
there would need to be a large number of 
distant galaxies, at present’ undetected, 
capable of producing amplification to 
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explain the observed surface density of 
quasars. Since only a minority of the 
galaxies we see locally appear capable of 
producing large amplifications, the mean 
density of the Universe has to be very high 
if the model is to work. Success in pre- 
dicting d log Ng/dmg is not sufficient to 
remove these doubts. l 

In the second of the papers Avniô 
addresses a closely related point. He 


discusses Turner’s suggestion that ampli- 


fication by gravitational lenses may 
significantly perturb the measured 


statistics of quasars, perhaps accounting 


for the apparent increase in the number 
density of quasars with increasing redshift. 
Quasar analyses are customarily per- 
formed on flux-limited samples, which will 
preferentially include quasars whose flux 
has been amplified by an intervening gravi- 
tational lens. Avni’s improvement on 
Turner’s model is to require average flux 
conservation, which implies that the mean 
amplification has to be unity. This is an 
important, obvious requirement which 
considerably reduces the effect of lenses on 
the quasar statistics below that computed 
by Turner. Avni correctly concludes that it 
is unlikely that the gravitational lens effect 
can account for the apparent evolution of 
the density of quasar with redshift. 

The third paper takes a different 
direction. Paczyński and Gorski’ suggest 
that a cluster of quasars? at redshift 2.05 
may be another example of multiple 
imaging by a gravitational lens. However, 
there are some difficulties — the objects 
have a large separation (minutes, rather 
than seconds, of arc) and their redshifts are 
different (by about 10? km s'). The 
authors produce model lenses consisting of 
two large clusters of galaxies which can 
account for the large angular separations. 
The model cannot account for the redshift 
differences but the time delays between the 
three images are 107-103 years, and it is 
suggested that the quasar’s redshift might 
change during this time interval. 

The velocity dispersions of the two 
clusters of galaxies in the models of 
Paczyński and Gorski are large (>1,500 km 
s'), They point out that if there is a positive 
cosmological constant the necessary 
velocity dispersion decreases. This suggests 
that, should the clusters be discovered and 
their velocity dispersion measured, one 
could then estimate the cosmological 
constant. 

It is clear that graveational lenses can in 
principle do many remarkable things. The 
studies described here are very speculative, 
and definitive answers await further work. 
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Crater density determinations for parts of the surfaces of several of Saturn’s icy satellites including Rhea, Dione, Mimas, 
Tethys and 198083 reveal significant variations, These data, combined with observations of surface morphology, indicate 
that each satellite has undergone extensive post heavy bombardment geological evolution. 


THE Voyager 1 encounter with the Saturn system provided the 
first close view of icy satellites intermediate in size between 
asteroids and the large icy galilean satellites’. The saturnian 
satellites have surfaces much more diverse than had been anti- 
cipated for bodies of such a small mass and low density. 

Several of the satellites (Rhea, Dione, Mimas and Tethys) 
were imaged by Voyager 1 with resolution sufficient to allow 
crater counts on at least part of their surfaces. These counts were 
made to determine the character and magnitude of crater 
density variations and the relative ages of the different terrain 
types. Enceladus and Hyperion have been viewed at high 
resolution by Voyager 2 (ref. 2) and will be discussed elsewhere. 

Our data indicate that the surfaces of the saturnian satellites 
are not uniformly cratered and hence not of uniform age. 
Significant variations in density occur at all diameters but are 
most noticeably in the distribution of large diameter (>50 km) 
craters. The differing surface ages and tectonic features argues 
that these satellites have evolved significantly beyond their 
post-accretional state. The range in surface age suggests that the 
duration and degree of evolution varies between satellites. Such 
extensive post-accretional activity seems remarkable in view of 
the small size and mass of the saturnian satellites’, 


Rhea 


Rhea, the largest of Saturn’s airless satellites, is heavily cratered, 
with bright whispy planetary scale markings. Rhea’s surface 
shows areas of significantly different crater density. Two of the 
clearest examples occur in the north polar region and in the 
equatorial region near 30° longitude. 

The north polar region (Fig. 22 in ref. 1) can be divided into 
two zones based on crater size distributions’, with the boundary 
occurring at ~0° long. Westward from 0° longitude numerous 
craters in the diameter range 40-130 km occur, while to the east 
of that line craters are generally <20 km and all are <30 km 
diameter. Smith et a/.' suggested that this difference in crater 
size distribution was correlated with albedo variations observed 
in far encounter images of Rhea (Fig. 20 in ref. 1)—that the 
region of low albedo correlated with the area in which the large 
craters were present while the brighter area correlated with the 
area in which they were absent. This conclusion, however, is not 
supported by our analysis. 

The crater size boundary, at ~0° long., is sharp compared with 
the more diffuse albedo boundary lying ~45° to the east, at 
315° long. As the two areas do not coincide, it argues against a 
common origin. The albedo patterns observed in far encounter 
images of both Rhea and Dione have been attributed to the 
uneven distribution of micrometeor impacts’. The cumulative 
size—~frequency distribution for areas of the north pole shown in 
Fig. 1 reveal that while the two areas differ markedly at large 
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diameters, they are statistically indistinguishable at small 
diameters. The distributions have a 10-km crater density of 
1,300 + 300 at 315° long. and 950+ 150 at 45° long. 

The absence of large craters in parts of the polar regions 
suggests a major resurfacing event’. Large craters are generally 
lacking in the equatorial areas, but are again found at the south 
pole. Such a distribution could be explained by an internally 
generated thermal pulse that lowered the viscosity of some parts 
of the crust and hence preferentially removed the larger craters, 
This viscous relaxation would have been less effective near the 
poles perhaps because of the lower surface temperature. 

If the crater size frequency distribution for the polar area near 
315° is extrapolated from large to small diameters, it indicates a 
density far in excess of that observed. While a thermal event 
might be capable of removing large craters it cannot account for 
the deficiency of small craters. The low density of small craters 
might best be explained by a blanketting or flooding event that 





i 


igi REGION 
J à 


10 \ ‘ 
| \ EQUATORIAL RHEA 


Cumulative no. of craters per 10° km? 





| NORTH POLE 
wh NO 


10 T 


Diameter ikm) 


Fig. 1 Cumulative size-frequency distribution for Rhea. Upper 
distributions indicate crater for the mantled and unmantled equa- 
torial areas. Lower curves illustrate the densities for the north pole. 
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buried the small craters, and subdued the larger ones. Such an 
event would also be consistent with the shape of the cumulative 
size-frequency distribution for the eastern polar area. 

Regions near the equator exhibit subdued surface texture 
when compared with other areas and an absence of small craters 
suggesting that the area has been mantled (Fig. 21 in ref. 1). This 
region was imaged only at high Sun angle which may account for 
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Fig.2 Shaded relief map of Rhea 

indicating the number of craters 

=10km per 10°km? for various 
counting areas. 
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some muting of the topography, however, the sharp and irre- 
gular shape of the boundary indicates that the mantle is real and 
not simply a lighting effect. Cumulative size-frequency dis- 
tributions of craters for the mantled area is shown in Fig. 1. The 
shape of this curve is suggestive of complete burial of small 
craters and only partial burial of larger ones. The slope of the 
curve for the mantled area decreases at diameters <10 km, 
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suggesting that the thickness of the blanket is sufficient to bury 
10-km craters or ~2km deep. A curve for the adjacent 
unmantled region is also shown and has a 10-km density of 
700 + 150, consistent with the density observed over a large part 
of the equatorial area. The mantled region has close to a factor 
of 5 fewer 10-km craters, at 160+ 45, than does the unmantled 
region. 

Figure 2 shows the extent of the variation of 10-km crater 
densities observed on Rhea’s surface. The most densely cratered 
regions occur in the mid-northern latitudes west of 60° long. and 
in the north polar area between long. 300° and 330°. A zone of 
lower crater density extends from the north pole along the 30° 
meridian. The area east of 0° long. is heavily cratered but with 
some variation. Near the equator and extending westward for 
~15° is the mantled area. The lack of a clear global crater 
density pattern suggests that local rather than global processes 
produced the observed differences. The variations in density and 
distribution of 10-km and larger craters suggest that Rhea has 
undergone extensive crustal resurfacing. Processes, most prob- 
ably endogenic, have operated that are capable of complete 
erasure of large craters over vast areas of the surface. The 
absence of large craters suggests that this internal activity 
extended past the time of post-accretional heavy bombardment 
when large impacts accumulate. 


Mimas 


Mimas, the innermost of the major saturnian satellites, is heavily 
cratered on all areas viewed by Voyager 1. Mimas is heavily, 
though not uniformly, cratered and has areas of significantly 
different crater density. On the leading hemisphere (Fig. 14 in 
ref. 1), west of the crater Herschel, the surface is covered with 
numerous craters >40 km. The south polar and adjacent areas 
(Fig. 14 in ref. 1), by comparison, generally lack craters >20 km 
and are devoid of craters >30 km. 

Figure 3 illustrates the cumulative size-frequency distribution 
for the two areas. Curve E is the distribution for the equatorial 
area near Herschel (a projected 10-km density in excess of 
7,500). Curve SP is the distribution for the south pole (a 10-km 
crater density of 1,250 + 490). The density of small craters in the 
equatorial region could not be determined because of the low 
resolution of the images. The roughness, at the limit of resolu- 
tion, caused by 10-km craters seems far less than indicated by 
the extrapolation, with the surface fairly smooth even near the 
terminator where subtle relief should be enhanced. Hence the 
density at 10 km could be the same in both areas. The region 
180°-240°, which lies between the equatorial and polar areas, 
appears to be transitional in terms of size—frequency distribution 
of craters (curve TC in Fig. 3). An inflection between 15 and 
40 km suggests a mixing of two populations of craters, perhaps 
the result of resurfacing. The small diameter segment is similar 
to the density for the south pole, while the large diameter 
segment is comparable to the density in the heavily cratered 
equatorial area. 

The surface of Mimas has apparently been affected by some 
process which has removed all of the large craters from the south 
polar region. It had been suggested that numerous impacts of 
smali bodies might have caused destruction of larger craters but 
there is no evidence that the flux of impacting debris was higher 
at the south pole than at the equator’. The process seems to have 
been gradational in that progressively smaller craters were 
spared removal at progressively larger distances from the pole. 
The distribution of small craters appears to have been reduced 
over the entire surface of Mimas. This rather uniform and low 
density of small craters and the absence of large craters at the 
south pole may reflect at least two episodes of resurfacing. 


Dione 


Dione exhibits terrain types of distinctly different morphology, 
ranging from rough heavily cratered areas to smooth lightly 
_.. eratered plains (Fig. 18 in ref. 1). Planetary scale patterns of 
Co bright whispy material stretch across the trailing hemisphere and 
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Fig.3 Cumulative size-frequency distributions for Mimas, Dione 
and Tethys. Letters refer to locations on the satellites discussed 
in text, 


appear superimposed on the various terrain types and surface 
features. 

Three terrain types observed in the highest resolution frames 
were singled out for preliminary analysis of crater densities: (1) a 
rough terrain with numerous large craters, centred at ~15° S, 
20° long.; (2) a plains unit with intermediate crater density which 
is elongate in the north-south direction and centred on the 
equator at 50° long., and (3) a smooth plains unit with low crater 
density centred on the equator and 65° long. Cumulative size- 
frequency distributions for these terrains are shown in Fig. 3. 

Crater densities for the plains units are.considerably less than 
that for the heavily cratered terrain, indicating a younger age for 
the plains. At 20 km the heavily cratered area (curve HC) has a 
crater density of 270+50, compared with ~45+25 for the 
plains (curves IC and LC). The least cratered plains unit (LC) has 
a 10-km density of 260+ 50 compared with 750+ 100 for the 
intermediately cratered plains (IC). Figure 3 shows that the 
heavily cratered distribution has a slope of —2.0, while the 
younger units have a slope closer to —4.0. This difference in 
slope, coupled with the apparent age difference, suggests that 
the two surfaces may reflect different populations of impacting 
bodies. 

These plains units and the structure of the cumulative 
frequency distribution for the heavily cratered terrain suggest 
extensive post-accretional alteration of the surface of Dione. It 
has been suggested that the material responsible for resurfacing 
parts of the satellite was extruded from the branching trough 
which extends from the north pole through the plains units. E. 
Shoemaker (personal communication) and Owen* suggested 
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methane snow eruptions from these troughs which would bury 
surrounding areas and form a smooth young surface. However, 
the sharp boundary between terrain types suggests a process that 
totally obliterated all topography up to the boundary which is 
inconsistent with a snow hypothesis. In such a case topography 
farther from the vent would receive a thinner blanket of snow 
than nearer the vent. While the exact nature of the mechanism 
remains speculative, Dione has clearly undergone some type of 
endogenic process which has reshaped its surface. The distinct 
variations in crater density suggests that the process has acted 
repeatedly beyond the cessation of heavy bombardment. 


Tethys 


Only one image of Tethys obtained by Voyager 1 in far encoun- 
ter sequences had resolution sufficient to allow detailed crater 
density determinations (Fig. 12 in ref. 1). This permitted count- 
ing of three regions within a band along the west side of the 
terminator, between 30° and 60°long.: the cumulative 
frequency distributions for two regions are shown in Fig. 3. 
These are statistically indistinguishable from each other (the 
third region is omitted for simplicity). The size~frequency dis- 
tributions indicate that this area of Tethys is relatively uniformly 
and heavily cratered at all diameters investigated. Resolution of 
~10km per line pair prevented determination of densities of 
smaller size craters. The distributions indicate a 30-km crater 
density of ~280+ 70 and, by extrapolation, a 10-km density of 
2,800 + 300. 

Voyager | images of Tethys’ trailing hemisphere show circu- 
lar features suggestive of large (50-100 km) craters, which 
would indicate that the trailing hemisphere, like the leading, is 
heavily cratered. Tethys clearly has undergone post-accretional 
evolution as reflected in surficial albedo variations and the large 
canyon-like feature on the sub-Saturn hemisphere. Whether 
these features were induced by endogenic or exogenic processes 
and their effect on crater densities is uncertain. 


Discussion 


Shoemaker and Wolfe” have suggested that each saturnian 
satellite, like the galilean satellites”, should record a gradient in 
the cratering rate across their surfaces. The rate should be 
highest at the apex of motion on the leading hemisphere (equa- 
tor and 0° long.) and decrease sinusoidally in all directions until 
the low point is reached at the antapex of motion (equator and 
270° long.). Such gradients should occur for impacts generated 
by extra-saturnian bodies as a result of the high orbital velocity 
of the satellite compared with the velocity of the impacting body. 
The ratio of the cratering rate between the apex and antapex for 
long period comets and Saturn family comets is 6 and 35 
respectively for Rhea and 18 and 35 respectively for Mimas’. 
While such a gradient seems to explain the distribution of 
surfical albedo markings on Rhea and Dione’ it does not explain 
the observed distributions of 10-km and larger diameter craters 
on Rhea, Mimas and Dione. 

Figure 4 plots the 10-km crater densities for several counting 
areas On Rhea as a function of their angular distance from the 
apex of motion. The data do not follow the predictions of 
Shoemaker and Wolfe’. Crater density determinations for Rhea 
cover an angular distance of 30°-120° and hence the gradient, if 
present, should be observable. 

A similar analysis for Mimas indicates that the crater densities 
do not follow the expected distribution, while significant varia- 
tions occur they are not correlated with distance from the apex. 
This presents a serious problem in that images of the leading 
hemisphere have low resolution and hence small diameter 
{(<20-30 km) craters are not observed, while in the southern 
hemisphere there are no craters larger than 30 km to use for 
such a comparison. Within the southern hemisphere an angular 
distance of 80°-140° was observed with no significant variation 
in density of 10- and 20-km craters. 

For such a gradient in crater density to be fully developed the 
satellite must have remained tidally locked to its parent body 
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during its history, particularly during the period of heavy 
bombardment. Also comparison between surfaces of the same 
absolute age must be made to observe the effect. 

McKinnon’ has examined the energy requirements for 
unlocking Ganymede and Callisto without reorienting the pole 
of rotation and found that appropriately oriented large impacts, 
could spin up those satellites. Similar analysis of the saturnian 
satellites indicates that because of their relatively small size and 
mass, small and hence frequent impacts could supply sufficient 
energy for reorientation. Impacts of ~2 x 10°’ erg for Rhea and 
5x 10° erg for Mimas would be sufficient to break their tidal 
lock. Those energies correspond to the formation of a 40-km 
crater on Rhea and a 15-km crater on Mimas. Because the 
momentum required must be tangentially oriented, these are 
minimum crater sizes. Impacts oriented closer to normal would 
have a smaller tangential component. Thus relatively small 
impacts, if appropriately oriented, could impart sufficient energy 
to unlock the satellite. As such craters are relatively abundant, 
we conclude that each saturnian satellite has been repeatedly 
unlocked with a frequency that is proportional to the cratering 
history. This process would effectively prevent the recording of 
the gradient. 

To compare the crater densities between satellites a cumula- 
tive frequency distribution for each body is shown in Fig. 5. One 
of the co-orbital satellites, 1980S3, has a 10-km crater density of 
1,450+610 for the small region which was countable (see Fig. 
29 inref. 1). Except for 198083, the curves in Fig. 5 approximate 
the size-frequency distribution of craters on the sub-saturnian 
hemisphere at 0° long. to remove any effects which might result 
from gradients in crater density. 

The distributions indicate that the satellites are dominated by 
two populations of craters. These two groups correlate with 
populations I and II of Smith er al.'. The first group, the large 
diameter craters, represents population I which is exposed on 
the more densely cratered surfaces of Rhea, Dione, Tethys and 
Mimas. Population II would correspond to the small diameter 
segments of the distributions. Craters of population I] are found 
on the younger parts of all of the satellites. The cumulative 
size~frequency distributions observed on the saturnian satellites 
are steeper than those observed on the dark terrain of Gany- 
mede and also indicate higher crater densities. At 10 km the 
densities are at least a factor of 4 higher for the saturnian 
satellites than for Ganymede’s dark terrain. Differences in the 
slope of the size-frequency distributions suggests that the two 
systems may have been bombarded by different populations of 
objects. This difference in density between the two systems may 
not be a direct function of age in view of the possibly different 
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Fig. 4 Plot of crater density at 10 km as a function of angular 
distance in degrees from the apex of motion of Rhea. 
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Fig. 5 Cumulative size-frequency distribution for Rhea, Dione, 
Tethys, Mimas and 198083. Average distribution for the dark 
terrain of Ganymede included for comparison. 


impact histories. Alternatively, the steepness in slope of the 
small crater segment of the distribution may result from 
numerous secondary impacts produced by projectiles originally 
lost during larger impacts on these bodies. These secondary 
materials which would subsequently be swept up and enhance 
the small crater population have been termed population ITI 
(ref. 1). 

The crater densities in Fig. 5 can be interpreted as represent- 
ing two major geological events, which may record several 
episodes, in the history of the satellites. The higher-density 
large-diameter distribution reflects the period of late heavy 
bombardment, characterized by the population I distribution of 
many large (>50 km) diameter craters, many of which are now 
subdued and degraded. The second, lower-density population II 
occurred at a time to record episodes of resurfacing, plains 


formation and tectonic activity. This has occurred on all the’ 


satellites, and may date back to the end of the post-accretion 
heavy bombardment. The nonuniformity of crater densities on 
the satellites indicates that modification of their surfaces has 
been variable in terms of both duration and areal extent. Rhea, 
Dione and Mimas all exhibit distinctly different crater densities 
indicative of multiple resurfacing episodes. ` 

The geological history of the saturnian satellites can be 
deduced from their crater densities. The areas of Dione, Rhea 
and Tethys, characterized by the presence of population I 
craters, being the most densely cratered surfaces, are the oldest 
regions, thought to date from the period of heavy bombardment. 
Regions of Dione and the leading hemisphere of Mimas which 
are characterized by high crater densities, combinations of 
populations I and II craters, suggest partial resurfacing of these 
areas and represent the next youngest surfaces. These surfaces 





probably formed during the later part of the heavy bombard- 
ment and were subsequently modified. Thereafter, episodes of 
more localized resurfacing occurred during which the southern 
hemisphere of Mimas and the north pole and equatorial areas of 
Rhea were altered. Larger population I craters were obliterated 
in these areas, and greatly subdued in others. Resurfacing 
continued on Rhea in more localized areas reducing crater 
densities. The most recent activity on the satellites discussed 
here seems to have been the formation of the smooth lightly 
cratered plains of Dione and the blanketing of parts of Rhea’s 
equator. 

The vast range of surfaces observed indicates that surface 
forming processes were active beyond the period of heavy 
bombardment. The tectonic features such as lineaments, 
troughs and great canyons, and the removal of large craters over 
vast areas indicate prolonged post-accretional activity, all 
reflecting the operation of internal process. Large impacts, the 
only major exogenic event likely to occur after the formation of 
the satellite, might cause extensive local morphological changes, 
but such events could not cause all of the diversity of ages and 
surface morphology. This is similar to the general conclusion 
drawn for the galilean satellites and the terrestrial planets. 

Whether generated by core formation or decay of radioactive 
nuclides, heat is the basic driving mechanism for the internal 
dynamics of most bodies. Tidal heating seems to be important in 
only a few cases. Peale et al." showed that tidal heating could 
have contributed only small amounts of energy to the saturnian 
satellites. Models” of the thermal evolution of small icy satellites 
indicate that such bodies would experience little internal activity 
after formation. Based on chondritic abundances of radio- 
nuclides and a 40% rock and 60% water-ice mixture, no melting 
would have occurred in the smaller satellites. In the slightly 
larger bodies such as Rhea and Iapetus a small liquid core might 
have formed early, however, 90% Of the satellite would still 
have remained frozen. The addition of 10% ammonia as a 
hydrate would enhance additional limited melting and differen- 
tiation which could have had important consequences for the 
larger icy satellites, but not for those with radii <700 km. An 
additional mechanism, solid-state convection of ice I, might 
prove to be important in causing changes in the surface of the 
small icy satellites where that ice would be the dominant phase’. 
Such a mechanism would transmit heat to the surface allowing 
the largest craters to be removed by viscous relaxation’. Addi- 
tionally the convective activity may have tectonically disturbed 
the surface and obliterated craters. However, formation of 
plains units as on Dione and blanketting on Rhea or giant 
tectonic features of Tethys would require a more energetic 
process. 

The problem then is the source of the energy responsible for 
evolutionary processes. One possibility might be inhomo- 
geneous accretion. Smith et al.’ suggested that the saturnian 
satellites might be of the size where the stochastic nature of 
accreting compositionally different planetesimals might produce 
noticeable effects on the satellites’ history. Perhaps concen- 
trations of the rocky component exist beneath areas where 
internal activity seems to have occurred. Such local concen- 
trations might supply sufficient radiogenic heat over a limited 
area to drive surface modifications. Additional energy could be 
provided if the local concentration ‘melted’ its way to the core of 
the satellite and hence released gravitational energy or by 
structural disruptions caused by the migration of the concen- 
tration. 

The small icy satellites of Saturn are therefore a diverse group 
of bodies with a variety of surface ages and morphologies. These 
satellites, despite their small size and mass and low density, have 
evolved beyond their original accretionary state. The alteration 
processes seem to have been active beyond the period of heavy 
bombardment as reflected in the crater density determinations. 
The energy source for the evolution of these bodies remains 
unknown. 

We thank Gary Ransford, Rich Terrile and Doug Nash for 
discussions and suggestions, and Larry Soderblom for a review. 
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The surface of Ganymede, the largest icy jovian satellite, is composed of two distinct terrain types showing abundant 
evidence of global-scale tectonics. There is geological evidence consistent with the formation of younger bright terrain by the 
emplacement of relatively clean ice into rift zones developed in the more silicate-rich dark terrain. 


GANYMEDE, Jupiter's largest moon, is the largest known icy 
object in the Solar System. Voyager images of its surface show a 
complex and unique geology with widespread evidence for 
tectonic activity'’. For silicate bodies on which significant 
lateral motion of the lithosphere does not occur, global volume 
change is an important cause of surface tectonism™™*. As a result 
of internal phase changes, large icy bodies can undergo a 
substantial volume increase. The transition of dense ice poly- 
morphs in the deep interior to less dense polymorphs or liquid 
water at shallow depths as internal differentiation and formation 
of a silicate core occurs could increase Ganymede'’s surface area 
by as much as 7% (ref. 5). A temperature increase of several 
thousand degrees centigrade would be required for a silicate 
body to undergo an equivalent amount of volume change due to 
thermal expansion. We examine here evidence concerning the 
nature of the tectonic processes that have operated on Gany- 
mede. We conclude that a variety of geological evidence is 
consistent with the progressive rifting of Ganymede’s litho- 
sphere possibly in response to planetary expansion. 


Style of global tectonics 


The two principal geological units present on Ganymede are 
most simply termed ‘dark’ terrain and ‘bright’ terrain. Each unit 
covers approximately half of the surface. The density of impact 
craters is substantially higher in the dark terrain, indicating that 
it is older than the bright terrain'*. The dark terrain is generally 
present in polygonal regions that are separated by bright terrain 
(Fig. 1). The bright terrain forms both broad curvilinear bands 
that separate the dark polygons, and narrow wedge-shaped 
regions that penetrate and partially divide dark polygons. In 
some areas bands and wedges of bright terrain appear to 
coalesce forming broad, irregularly shaped bright regions. Small 
blocks of dark terrain are frequently interspersed through such 
regions, The dark terrain is composed of an ice-silicate mixture, 
and the bright terrain is composed of relatively silicate-free ice. 
Bright terrain contains many linear topographical depressions 
called grooves’. Where it is free of grooves and impact craters, 
the bright terrain appears smooth at the highest Voyager 
resolution (600 m per picture element). 

The emplacement of the bright terrain by the extrusion of a 
relatively water-rich magma in regions of lithospheric extension 
is geologically reasonable and is supported by various geological 
data. We examine three different styles of extensional tectonics 
that could be associated with the emplacement of bands of bright 
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terrain between polygons of dark terrain. As shown in Fig. 2, 
lithospheric spreading (a ) may be analogous to the formation of 
new ocean floor at terrestrial mid-oceanic ridges; finite litho- 
spheric extension (+) may be analogous to terrestrial rift zones 
such as the Basin and Range Province of North America or the 
East African rifts; and finally, flooding of older dark terrain (c) 
may occur by the extrusion of silicate-poor material through 
fissures or extension fractures. These models clearly involve 
significantly different amounts of relative lateral motion 
between adjacent blocks of dark terrain. Lithospheric spreading 
implies lateral movement of coherent blocks of dark terrain over 
distances comparable to the width of areas of bright terrain. At 
the opposite exteme, tension fracturing and flooding would only 
require small lateral movements of the dark terrain sufficient to 
provide bright material access to the surface. The simple models 
provide a conceptual framework within which to interpret 
various geological data. 

The nature of boundaries between the two terrain types 
provides a basis for determining whether the two surface units 
have a tectonic or a stratigraphical relationship. Contacts 
between bright and dark terrain are usually gently curving and 





Fig. 1 Bands (A) and wedge-shaped regions (B) of bright terrain 

separating polygons of dark terrain. Also note single grooves and 

groove pairs within the dark terrain (C, see discussion of tectonic 
features). Voyager image 370J2-001. 
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Fig. 2 Three schematic models of extensional deformation asso- 

ciated with the emplacement of the bright terrain: a, lithospheric 

spreading; b, rifting due to finite lithospheric extension; and c, 
flooding of older, dark terrain. 


sharply defined. Craters and other topographical features in the 
dark terrain are sharply truncated at such contacts. These 
characteristics argue for the structural confinement of bright 
material at many bright terrain-dark terrain boundaries. In 
irregular areas of bright terrain, the contacts between bright and 
dark terrain are diffuse, and truncated craters occasionally 
appear to be filled with bright material. In some areas the bright 
terrain has a distinctive dark mottling suggestive of a thin layer 
of bright material overlying dark material. In such areas, bright 
material appears to have flooded dark terrain. In most cases, 
however, the bright material was structurally confined, arguing 
against flooding of dark terrain (c) as the main mechanism for 
the emplacement of the bright terrain. 

Several types of observations distinguish between lithospheric 
spreading (a) and finite lithospheric extension (b). If litho- 
spheric spreading has occurred, the two parts of a crater tran- 
sected by a band of bright terrain should appear on opposite 
sides of the band. This is not observed. Another basis for 
distinguishing between these two tectonic styles is the degree to 
which adjacent dark polygons can be fit back together. The 
boundaries of some adjacent polygons are roughly parallel, 
creating the superficial impression that they were once joined, 
and have since drifted apart. Detailed examination shows, 
however, that this parallelism is only approximate, and that they 
cannot be fit together®”’. 

Lithospheric spreading would require relative lateral motion 
between adjacent regions of dark terrain comparable with the 
width of regions of bright terrain. Although there is evidence 
that crustal shear has occurred on Ganymede’, large lateral 
displacements have not yet been demonstrated. The clearest 
evidence of shear displacement is provided by a few crater rims 
that are offset across linear features. The largest offset recog- 


nized in these cases is several kilometres". Some bands of bright 
terrain also appear to be offset across transecting linear features. 
If these bands were offset after their formation, as much as 
100 km of strike-slip dispacement would be indicated". There is 
no evidence, however, that such bands did not form with an 
offset across a pre-existing fault. Therefore, post-formation 
strike-slip displacement is not required to explain their offset 
appearance. The non-concentricity of arcuate furrows in the 
dark terrain has also been cited as evidence for large lateral 
displacement between adjacent regions of dark terrain”. These 
furrows, which are 5-10 km wide flat-floored depressions pre- 
dating almost all craters in the dark terrain, are thought to be 
ring graben formed during the viscous collapse of an early 
impact basin’. If the forrows are assumed to have formed an 
initially circular pattern, their present pattern suggests a lateral 
displacement between adjacent regions of dark terrain; 
however, no detailed study of this hypothesis has been reported. 
There is no evidence that furrows did form an initially circular 
pattern. 

Because bright terrain covers about half of the surface of 
Ganymede, the formation of this terrain by the complete 
separation of older blocks of dark terrain cannot be explained 
by planetary expansion alone. Lithospheric spreading would 
require large-scale destruction of crustal materials and possible 
associated compressional deformation. Tectonic features that 
can be related to compressional deformation have not yet been 
recognized in the dark terrain. If all the bright terrain were 
emplaced by lithospheric spreading, it is difficult to reconcile the 
large area of this terrain with the absence of compressional 
features in the dark terrain. 

All the above observations are consistent with the formation 
of the bright terrain by the flooding of rift zones formed due to 
finite lithospheric extension. Although individual tectonic fea- 
tures in the dark terrain, described later, strongly suggest that 
normal faulting has occurred on Ganymede, the structure of rift 
zones is not yet clearly defined. Dark terrain may have subsided 
along normal faults forming graben, as in terrestrial rift zones, or 
may have stoped'® or foundered* into the deeper interior. The 
occurrence of small, isolated regions of dark terrain in irregular 
areas of bright terrain argues against stoping. A piecemeal style 
of stoping is difficult to reconcile with the continuity and 
linearity of the contact between bright and dark terrain at the 
edges of the bright bands. 

The thickness of bright deposits place important constraints 
on the structure of rift zones and, if they are formed by normal 
faulting, on the amount of lithospheric extension. The burial of 
pre-existing topography on underlying dark terrain may be one 
indicator of this thickness. Crater rims, which are the highest 
topographical features in the dark terrain, are never clearly 
evident through the bright deposits, even where craters are 
truncated at a bright terrain-dark terrain boundary, Impact 





Fig.3 Single grooves (A) and a groove pair (B) in the dark terrain. 

The groove pair merges along strike to form a single groove. For 

part of its length the groove pair forms a bright terrain—dark terrain 
boundary. Voyager image 382J2-001. 
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craters excavate crustal material at depth and therefore may be 
useful indicators of subsurface composition. Craters on the dark 
terrain with a diameter of <50km exhibit no bright rim 
deposits. Larger craters, now highly degraded due to viscous 
flow, are brighter than the surface on which they formed. If the 
bright material is not solely impact melt, then the larger craters 
may have excavated silicate-free material from depth while the 
smaller craters did not. Although more detailed study is 
required, this suggests that relatively silicate-free ice occurs 
below a depth of ~ 10 km beneath the dark terrain’. Craters 
with a diameter = 50 km are virtually absent on the younger 
bright terrain. However, the floors of smaller craters have an 
albedo similar to that of the surrounding bright terrain sugges- 
ting that they did not excavate silicate-rich material. Thus the 
thickness of the icy material in some areas of bright terrain may 
be at least 10 km (ref. 10). Also, craters with bright ray systems 
are preferentially concentrated in the bright terrain'®'’. 
Because there should be no significant difference in retention 
time of rays on the two terrains'’, this may also indicate the 
presence of a thick icy layer in the bright terrain. If bands of 
bright terrain were rift zones bounded by normal faults dipping 
60° and containing a 10 km thickness of bright material, a 
relatively modest volume increase of 1% would produce about 
five such rift zones perpendicular to any great circle on the 
planet. 

The above observations suggest the bright terrain was formed 
by extension of an ice-silicate crust which led to normal faulting 
and creation of broad rift zones°. Due to the presence of 
silicates, the crust could be slightly more dense than liquid water 
or relatively clean ice, causing this underlying material to be 
extruded* into the structurally defined depressions and in some 
areas Overflowing onto surrounding dark terrain. Solidification 
of the water-rich magma would form bright curvilinear bands of 
relatively clean ice. The boundaries of the bands would be sharp 
where the bright material was confined within a rift zone, but 
would be diffuse where it overflowed onto adjacent dark terrain. 
The intersection and coalescence of bright bands could form the 
complex, irregularly shaped areas of bright terrain. Bright ter- 
rain emplacement may thus be analogous to terrestrial rifting 
and the flooding of rift zones with basaltic magma. 


Tectonic features 


Further evidence for distinguishing the style of tectonism on 
Ganymede is provided by structural features. The dominant 
topographical features on Ganymede, other than impact craters, 
are long, narrow depressions collectively called grooves’? which 
we assume are the topographical expression of structural fea- 
tures. Although strongly concentrated in the bright terrain, 
grooves occur in both types of terrain. There are numerous 
smooth, groove-free regions of bright terrain, and many grooves 
in the dark terrain. 

Some of the simplest examples of grooves are found in the 
dark terrain. They occur as single curvilinear depressions or as 
nearly parallel pairs of depressions with lengths of several tens to 
several hundreds of kilometers, and widths from a few 
kilometres down to the resolution limit of Voyager images. 
Examples of single grooves and groove pairs in the dark terrain 
are shown in Fig. 3. Groove pairs occur with up to ~ 10 km 
spacing between the individual grooves. Grooves in a groove 
pair commonly merge along strike to form what appears to be a 
single groove. In some cases single grooves or groove pairs in the 
dark terrain merge with dark terrain-bright terrain boundaries. 

Grooves are more abundant in the bright terrain, where they 
occur as single grooves, groove pairs and groove sets. Single 
grooves and groove pairs in the bright terrain resemble those in 
the dark terrain. Groove sets contain many nearly parallel 
grooves. These sets may be up to several hundred kilometres 
wide and hundreds of kilometres long. The spacing between 
parallel grooves in a set is typically in the range of 3-10 km, but 
often appears more nearly constant within any particular set. 
Individual grooves within a given set merge or bifurcate along 
strike, but seldom cross. Topographical relief of grooves in 


groove sets, as determined by photoclinometric analysis'*, is 
typically 300-400 m, but does not exceed 700 m. The groove 
sets show no pronounced or consistent topographical asym- 
metry. 

The pattern of grooves in the bright terrain is most regular in 
narrow bands of this terrain, either those that divide or partially 
divide dark polygons. In these areas grooves are nearly parallel 
to the edges of the bands of bright terrain as shown in Fig. 1. In 
irregularly shaped areas of bright terrain, such as that shown in 
Fig. 4, groove sets commonly form irregular, intersecting 
patterns. Some groove sets in such areas strike at high angles to 
dark terrain—bright terrain boundaries terminating at the terrain 
boundary. Grooves crosscut and are crosscut by curvilinear 
regions of smooth bright terrain indicating that grooves were 
forming concurrently with the emplacement of bright terrain. 
Relatively few examples of impact craters disrupted by grooves 
have been observed which indicates that grooves formed at or 
very near the time of emplacement of the bright terrain on which 
they occur. 

In considering possible tectonic origins of grooves, it is first 
important to decide whether they may be of extensional or 
compressional origin. The topographical symmetry of most 
grooves argues against their being thrust fault scarps. Folds are 
not likely to form single grooves in which the surface is consis- 
tently depressed below surrounding terrain. Grooves, at least 
where they occur singly or as groove pairs, are more likely to be 
extensional features, either tension fractures or graben 
developed in a brittle surface layer. In the dark terrain, no 
tectonic features that can be associated with compressional 
deformation have yet been recognized. 

Because the interpretation of the tectonic origin of grooves 
rests largely on their present morphology, it is important to 
understand the effects of processes that could have modified 
their topography. Although various processes can degrade 
topography, viscous relaxation is important in the modification 
of impact craters on icy surfaces'*'*. Unlike the grooves, impact 
craters provide topography of known initial form. On Gany- 
mede, impact craters are frequently shallower than those on 
silicate bodies and typically have domical floors. Both of these 
characteristics can be explained by viscous relaxation of topo- 
graphy on a layer of icy crustal material in which the viscosity is 
uniform or decreases with depth”. 

To examine the effect of viscous relaxation on tectonically 
produced topography, experiments have been carried out in 





Fig. 4 Complex sets of subparallel grooves in a broad region of 

bright terrain. Note several well developed groove pairs (A) in the 

bright terrain, and some small, isolated blocks of dark terrain (B) 

interspersed through the bright terrain. Voyager image 955J1— 
000. 
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Fig. 5 Experimental relaxation of a graben (a) and an extension 
` fracture (b) in a thick viscous layer. 


which topography is impressed on the surface of a layer of 
viscous material and allowed to relax. The material used was 
polyisobutylene, a’straight-chain hydrocarbon polymer with a 
viscosity of about 7 x 10° P at 25°C. Relaxation was thus slow 
and could be easily monitored. The form of the relaxing topo- 
graphy at various times was measured with a contour gauge. The 
relaxation of both graben and tension fractures was studied in 
this way: typical results are shown in Fig. 5. The form of graben 
relaxing On a viscous layer with a thickness about twice the 
graben width is shown in Fig. 5a. The relaxing graben develop 
raised rims and domed floors, much like the morphology of 
relaxing impact craters. Graben relax to two parallel depressions 
which appear morphologically similar to groove pairs observed 
on Ganymede. 

Tension cracks relax, as shown in Fig. 5b, to form single linear 
depressions with a width that gradually decreases relative to the 
initial width of the crack. Because deviatoric stresses are highest 
near the bottom, the crack closes progressively upwards resul- 
ting in a sharp-bottomed depression that shallows with time. 
The detailed morphology of single grooves on Ganymede 
cannot be determined, even at the best resolution of available 
images. These features could be either tension cracks.or narrow 
graben. Relatively low lithostatic stresses on Ganymede would 
favour the formation of tension cracks in a thin brittle surface 
layer. However, the recognition of groove pairs as relaxed 
graben suggests that normal faults have formed. Because many 
groove pairs, particularly in the dark terrain, narrow along strike 
to form single grooves, at least some single grooves may be 
graben. : 

Another process that could modify the initial topography of 
grooves is impact erosion and mass-wasting. The steep walls of 
open extension fractures and fresh graben fault scarps would be 
especially susceptible to this process. Its general effect would be 
to widen and partially to fill initially narrow and deep topo- 
graphical features. This process may thus be important in modi- 
fying steep-sided, narrow extension fractures to the broader, 
more gently sloping features observed. While mass-wasting is 
expected, Voyager images are of insufficient resolution to iden- 
tify possible mass-wasting deposits within grooves. We thus 
cannot yet quantify the degree to which mass-wasting has 
altered groove topography. 

Groove sets in the bright terrain are more complex than single 
grooves or groove pairs and are therefore more difficult to 
interpret. They may be a direct consequence of surface fractur- 
ing and faulting, or an expression of continuing movement on 
faults in underlying dark terrain. Alternatively, if the viscosity 
decreases with depth as indicated by impact crater 


Received 13 July; accepted 17 November 1981. 


. Smith, B. A. et al. Science 204, 951-972 (1979), 

. Smith, B. A. et al. Science 206, 927-950 (1979). 

Solomon, S. C. Geophys. Res. Lett. §, 461-464 (1978). 

. Parmentier, E. M. & Head, J. W. J. geophys. Res. 84, 6263-6276 (1979). 

. Squyres, S. W. Geophys. Res. Lett. 7, 593-596 (1980). 

. Allison, M. L., Head, J. W. & Parmentier, E. M. ZAU Colloq. No. 57, 6-7 (1980). 
. Janke, D. R., Head, J. W. & Parmentier, E. M. EOS, 62, 317 (1981). 


“~NnwMhWN 


morphology’’, groove sets may be formed by the folding or 
boudinage of a high viscocity, near-surface layer. As such, they 
could reflect either extensional or compressional deformation. 

Photoclinometric analysis’? indicates that in some cases the 
topography of groove sets is roughly sinusoidal, with groove 
widths nearly equal to their spacing. In other cases grooves are 
narrow relative to their spacing and are separated by broad, flat 
divides. Given the apparent diversity in groove set morphology, 
a variety of tectonic forms may occur. However, many groove 
sets could be constructed by placing simple extensional tectonic 
elements, single grooves or groove pairs, side by side. Given this 
continuity in form from single grooves and groove pairs to 
groove sets, it is possible that even in these complex sets the 
grooves are extensional. This argument is strengthened by the 
observation that groove sets both crosscut and are crosscut by 
bands of smooth, ungrooved bright terrain, indicating that the 
resurfacing and the groove formation must have taken place 
concurrently in at least some areas. If the resurfacing is a 
consequence of extensional tectonics, the création of most 
groove sets may also be simply explained by this mechanism. 


Discussion l 
At the resolution of available images, the association of exten- 


sional deformation with the formation of the bright terrain and 


the pattern of this terrain on the surface provide a basis for 
distinguishing the style of global tectonic evolution on Gany- 
mede., As discussed earlier and as shown in Fig. 1, some regions 
of dark terrain are disrupted by wedge-shaped regions of bright 
terrain extending inwards from surrounding bright terrain. This 
pattern of failure would be expected due to membrane stresses?* 
in an isolated portion of the lithospheric shell on an expanding 
planetary body. The continued growth of such wedge-shaped 
regions of bright terrain would divide a dark region into smaller 
regions separated by bands of bright terrain. The intersection of 
bands would form complex, irregular regions of bright terrain. 
The present pattern of bright terrain could thus be produced by 
the progressive fragmentation of the lithosphere. 

The membrane stress in any unbroken segment of lithospheric 
shell will depend on its size and the stress acting on its boundary. 
The boundary stress would arise due to the stress transmitted 
across areas of bright terrain between adjacent unbroken 
regions of dark terrain. If the boundary stresses are small or 
relatively uniform, larger unbroken areas of dark terrain should 
experience larger membrane stresses for a given amount of 
planetary expansion. Progressive fragmentation of an initially 
uniform lithosphere should thus produce unbroken dark areas 
of roughly comparable size at any stage of fragmentation. This 
seems to be contradicted by the observation that large regions of 
dark terrain remain unbroken while smaller regions have 
undergone fragmentation. Thus, if the tectonic evolution of 
Ganymede is to be described by progressive fragmentation of an 
initially uniform lithosphere in response to planetary expansion, 
the stress transmitted across different areas of bright terrain 
must differ significantly. Alternatively, lithospheric thickness 
variations or other mechanisms such as tidal distortion or stres- 
ses due to convection beneath the lithosphere may have been 
important. Additional mapping and analysis based on Voyager 
images should help resolve many remaining questions about the 
tectonic evolution of Ganymede. 
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The DNA tetramer d('CpCpGpG) or "CCGG crystallizes as a double-stranded 4-base pair (bp) segmentof i an A helix. Two 
such tetramer helices are packed together in the crystal with local helix axes nearly coincident, simulating í an 8-bp helix, and 
four such octamers make up the tetragonal unit cell. Restrained energy and reciprocal space refinement has led. to.an R factor 
of 20.5% at 2.1 A resolution. The 'CCGG helix has a twist corresponding to 10.7 bp per turn, a 19° base tiltand a 2.3 A tise 
per base pair along the helix axis. The mean propeller twist of 18° is comparable with, and has the same rotational sense as 
that observed in the B-DNA dodecamer CGCGAATTCGCG at similarly high alcohol concentration. ‘Backbone 
phosphate groups in A-DNA are extensively hydrated, including a network across the opening of the major groove, whereas 
base edge N and O groups in major and minor grooves.are less hydrated than in B-DNA. The minor groove spine of 
hydration observed in B-DNA is totally absent. These observations of relative hydration confirm and extend the model for 
the B-to-A helix transition proposed earlier on the basis of the B helix structure. 


aE enna 


THE first double-helical DNA structures were proposed on the 
evidence of X-ray diffraction data from drawn fibres obtained 
from natural sources, supplemented by spectroscopic and 
chemical information, and model building from the known 
stereochemistry of component parts’ ”. Two major families of 
helix were proposed, A and B, differentiated by sugar pucker- 
ing, base tilt relative to the helix axis, rise per residue along the 
axis, distance of base pairs from the centre of the helix and 
relative dimensions of major and minor grooves (Table 1). 
A-DNA is characterized by a deep and narrow major groove, a 
shallow minor groove and base pairs tilted by roughly 19° to the 
helix axis. In various members of the B family, the bases are 
more nearly perpendicular to the helix axis and the grooves are 
of comparable depth, although the major groove is wider. 
Fibre diffraction patterns can give the overall average helix 
parameters for DNA of known composition or repeating 
sequence, but cannot reveal local variations in helix structure 
that might be produced by that sequence. This kind of informa- 
tion can only come from single-crystal structure. analyses of 
discrete, homogeneous DNA oligomers. The development of 
triester and related methods has made the synthesis of such 
oligomers possible*. Structure analyses have been carried out 
for both a 12-base pair (bp) B helix”’'° and a totally unexpected 
new family, the left-handed Z helix’. We describe here the 
first single-crystal structure analysis of a member of the A-DNA 
family, the self-complementary tetramer d(iodo-CpCpGpG) or 
‘CCGG. It is also the first example of a nucleic acid structure 
analysis carried out without isomorphous heavy atom deriva- 
tives, using initial phasing derived from anomalous scattering as 
was done for the proteins haemerythrin and crambin (ref. 14 and 
W. A. Hendrickson and J. Smith, personal communication), ün 
another structure analysis of an RNA dimer, r(ApU), 
complexed with 9-aminoacridine, anomalous scattering was 
used to locate positions of phosphorus atoms, which then 
became the starting point for non- -anomalous phase analysis.) 
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Structure analysis 


To find an isomorphous pair of crystal join; the native CCGG 
tetramer and four variants with 5-bromocytosine or 5-idocy- 
tosine ‘inthe first or second: position along the chain were 
synthesized independently by the triester method. Four of these 
compounds were crystallized, but no two adopted the same 
space group. Having discussed with W. Hendrickson his 
experiences with haemerythrin:and crambin, we decided to try 
to solve the better crystal form of the two iodo derivatives, 
‘CCGG, using anomalous scattering from iodine atoms. 

Crystals of the 1-iodo derivative were grown at 2 °C by vapour 
diffusion against isopropanol, from concentrated aqueous solu- 
tion of ‘CCGG containing spermine hydrochloride buffered at 
pH 7.5 with sodium cacodylate. The cacodylate buffer was later 
found to be unnecessary for erystal growth. Crystals began 
appearing at around 40% isopropanol, and crystal growth was 
continued to 80% alcohol. The space group of 'CCGG crystals is 
P4,2,2, with cell dimensionsa = b= 41.1 A c =26.7 A and two 
tetramer strands {one double helix) per asymmetric unit. A 
measured density of 1.50 gcm™° anda calculated molecular 
weight of 1,298 per'strand indicate that the crystals are 51.0% 
DNA by weight. 

Data were collected on a Syntex PI automatic diffractometer 
with graphite monochromator, and corrected for X-ray decay 
and absorption’*®. The pattern was quite strong to 3.5 A resolu- 
tion, but declined rapidly beyond that point. One anomalous 
data set to 2.1 A resolution contained: 1,486 Friedel pairs. 
Multiple data sets were collected on different crystals for 
accuracy, so that each reflection within the 3.0 A sphere was 
measured at least three times. Mean: R factors. Coen 
independent data sets were ~ 5% in E ; | 

Patterson and anomalous difference. Patterson maps?” were 
employed to locate the two iodine positions per asymmetric unit 
(16 per cell), using the 472 pairs of reflections above the 2c 
confidence level within the 3.0 A sphere. Approximately 36% 
of these reflections were centric and hence gave no anomalous 
contribution, but the iodine anomalous: scattering factor of 
Af’ =7.2 electrons for CuKa radiation ‘produced an average 
difference between Friedel pairs of 11% in F among acentric 
reflections. The location of iodine atoms was complicated by two 
factors: the iodine of cytosine C1 was aiken. situated 
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Table 1 Structural parameters in double-helical DNA 





Fibre ciffraction results 








B family Z family 
‘CCGG crystal i 
structure A B C D Z Z 

Helix sense Right Right <«————-——— Right an Lett Left 
Sugar pucker C-3'-endo C-3'-endo 4m C-2’-endo mememe Alternating 
Glycosyl angle Anti Anti «——— ~ Anti nl Syn(G) /anti(C) 
Twist per base pair 33.6° 32.77 36° 38.6° 45° ~60°/2 ~60°/2 
Bases per turn 10.7 11 10 93 8 12 12 
Rise per base pair (A) 2.3 2.6 3.4 3.3 3.0 3.7 3.8 
Base tilt 19° 19° —6° ~§° = 16” 7° ~9*° 
Groove width (A) 

Minor 8.8 11.0 5.7 4.8 1.3 

Major 2.0 27 11.7 10.5 8.9 
Groove depth (Å) | 

Minor 3.7 2.8 7.5 7.9 6.7 

Major 13.8 13.5 8.5 TS 5.8 
Refs This work 4 4 4,5 4,5 11 13 


ŘE netting tanto 
Groove width is the perpendicular separation of ideal helix strands drawn through the phosphate groups, decreased by 5.8 A to represent van der 
Waals radii of two phosphate groups. Groove depth is defined precisely in ref. 4, but again is based on van der Waals radii, as though measured from a 


space-filling model. 


directly above a 2-fold axis, with coordinates close to (4, 3, į), and 
that on cytosine C5 of the other strand of the double helix was 
nearly just one-quarter of the cell away from it along the a axis. 
Each of these two coincidences introduced false centrosym- 
metry that decreased the iodine anomalous contribution to 
many of the acentric reflections. Thus the simple (AF n” = 
(Fix ~ Fi)’ anomalous difference Patterson map was not 
interpretable. Iodine positions were ultimately found by 
comparing F” Patterson maps using both centric and acentric 
reflections, with F* Patterson maps using only acentric data. As 
we suspected that our difficulties arose because the iodines sat 
on or near symmetry elements, those Patterson peaks which 
were deleted by the removal of centric data were reinforced in 
the simple anomalous difference Patterson map, and the 
composite map was then interpretable in terms of a self-consis- 
tent set of iodine-iodine vectors. 

Once the iodines were located, electron density maps were 
calculated using Sim-weighted heavy atom phases? for centric 
reflections, and Sim-weighted anomalous phases'*”° for acen- 
tric reflections. Of the two possible enantiomorphic maps, one 
was uninterpretable, while the other gave a clear and clean 
image of the tetramer double helix. The helix obtained from this 
map was subjected to 28 cycles of simultaneous energy and 
reciprocal space refinement’’, using the same energy constraints 
as for the B-DNA dodecamer’®. Refinement progress was 
monitored periodically by Fourier and difference Fourier elec- 
tron density maps. During this process, the R factor fell from 
39% at 3.0A resolution (2o data) to the current 20.5% at 
2.1 A. The model contains 29 solvent molecules at present and 
refinement is continuing. 


Tetramer structure 
The complete unit cell contains eight identical double-helical 
tetramers, one of which is shown in Fig. 1. The tetramer is a 
fragment of an A-DNA double helix. A helix-generating pro- 
gram provided by J. Rosenberg enabled us to use the relation- 
ships between base pairs within one tetramer to define the 
parameters of an ideal continuous helix (see Fig. 1). The helix 
twist angle is 33.6° per base, corresponding to 10.7 bp per turn, 
and the rise per base pair along the the axis is 2.3 A. Bases are 
tilted by 19° from perpendicularity to the helix axis. Sugar rings 
are all in the C-3'-endo conformation with the exception of the 
3’-terminal sugar of guanine G4, which is C-2’-endo. (See upper 
left of Fig. 1, ¢ er left of Fig. 1c.) However, as the G4 sugar 
continuation to force it into a regular geometry, it is 
that it adopts an anomalous conformation. Table 
served CCGG helix parameters with idealized 








A-DNA values derived from fibre data and with those of other 
types of helix. 

The base pairs have large propeller twists: 19°, 18°, 18° and 
23° for C1-G8, C2-G7, G3~-C6 and G4—C5 respectively. The 
large propeller twist was visible early in the analysis of the 
anomalously phased electron density map, and hence is not a 
consequence of the refinement process. The last value is 
perturbed by the same intermolecular crystal packing that 
produces the tilted C5 plane visible in Fig. 1, but the other three 
values are quite consistent. They are larger than the 13° average 
propeller twist observed for B-DNA in the low-alcohol crystals 
(35% methylpentanediol, MPD) of CGCGAATTCGCG™, and 
more like the 19° observed in the higher alcohol (60% MPD) 


crystals of CGCGAATT™CGCG (M. L. Kopka, A. V. Fratini, 


H. R. Drew and R.E.D., in preparation). The sense of ‘the 
propeller rotation in A-helical CCGG is the same as that in these 
B helices: clockwise rotation of the nearer base plane when the 
base pair is viewed along its long axis, defined here as the 
positive rotational sense for propeller twist. In contrast, the 
published coordinates for a model A-DNA structure derived 
from fibre diffraction data” yield an opposite rotation, with a 
propeller twist angle of — 12°. (A recent unpublished set of new 
fibre-derived A-DNA coordinates supplied by S. Arnott has 
positive propeller twist angles of + 7.5°.) Two RNA dimers are 
known which are fragments of an A helix: r(ApU) and 
r(GpC)’***, In these molecules the propeller twist is smaller and 
of variable sign: +12.5° (average) for r(ApU} and ~7.2° for 
r(GpC). It seems likely that a substantial propeller twist is a 
consequence of efficient base stacking at successive steps along 
one strand of a continuous double helix, and hence reasonable 
that the full twist typical of an infinite helix would not be 
generated in helices shorter than 3 or 4bp. Indeed, one 
unexpected feature apparent from the single-crystal analyses of 
oligomers of A- and B-DNA has been the large propeller twist 
angles, which were not anticipated from fibre and dimer 
studies. 


A-helical octamers in the crystal 


The most apparent distortion of the tetramer in Fig. 1 is the 
pushing of the iodine on cytosine C5 towards the centre of the 
molecule, with a resultant bending of the C5 plane away from 
that of G4. This is simply explained in terms of the way in which 
tetramers are packed within the crystal. Two tetramers are 
stacked with their C1-G8 base planes in contact, their helix axes 
nearly coincident and a rotation between tetramers that closely 
approximates a continuous 8-bp A helix (Fig. 2). Four of these 
octamers are then packed around the 4-fold screw axes of the 
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Fig. 1 Stereo views of the ‘CCGG 
double-helical A-DNA molecule. a, 
View into the major groove with 
helix axis vertical, Bases are 
numbered: §’-C1-C2-G3-G4-3' in 
one strand and §’-C5-C6-G7-G8-3' 
along the other. The two largest 
atoms are iodines on cytosines Cl 
(lower right) and C5 (upper left), and 
other atoms in order of decreasing 
size are P, O, N and C, Hydrogen 
bonds between base pairs are shown 
as thin lines. Base pair C1~G8 is at 
the bottom and G4—C5 at the top. b, 
View 90° to the left of a, showing the 
shallow minor groove in profile at 
left, and the large propeller twist of 
base planes. c, Top view looking 
directly down the helix axis onto 
base pair G4—C5. The iodocytosine 
base planes are tilted away from the 
planes of their hydrogen-bonded 
partners, C5 more so than Cl, 
because of intermolecular contacts 
within the crystal. 


Fig. 2 Two ‘CCGG tetramers 
stacked around a 2-fold axis (normal 
to the page through the centre of the 
drawing) as they are observed in the 
crystal. Their C1-G8 base pairs are 
in contact, and have very nearly the 
correct displacement to continue the 
A helix for 8 bp. Local helix axes, as 
determined independently for the 
two tetramers, are shown by vertical 
lines, and are almost coincident. This 
view is directly into the major 
groove, lined by phosphates 6, 7 and 
8 (numbered on one strand). After 
the missing phosphate between 
tetramers, a continuous helix would 
use phosphates 2, 3 and 4 around the 
back of the drawing on the other 
tetramer. Seven water molecules and 
their symmetry-related partners are 
shown spanning the major groove 
(©). Distances of <3.4 A are shown 
by thin solid lines, and distances up to 3.8 A by dotted lines. As discussed in the text, in a continuous A-DNA helix the major groove would be 
narrower than shown here, and the bridging network of hydration would be different in detail although similar in character, 
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P4,2,2 cell. The iodocytosine ring C5 at each end of an octamer 
(top and bottom of Fig. 2) is packed against the minor groove of 
a neighbouring octamer, between bases C2 and G3. Although 
the C5 iodine atom is pushed back towards the centre of the 
octamer, it still is in tight van der Waals contact with the C-2' 
sugar atom of cytosine C2 and the C-5’ atom of guanine G3 ona 
neighbouring octamer. 

At the centre of each octamer (deep inside the major groove 
in Fig. 2), the iodine of cytosine C1 on one tetramer is displaced 
slightly because of a close contact with the five-membered ring 
of G8 on the other tetramer (the next base step along the helix), 
but the effect on its cytosine orientation is small. The two local 
helix axes as viewed in Fig. 2 are displaced sideways by 1.5 A, 
which serves to lessen the overlap between each iodine and its 
facing G8 ring. The extreme top and bottom of the two axes in 
"Fig. 2 are tipped down into the plane of the page so the axes 
make an angle of 8° to one another, which also lessens the 
iodine/guanine clash. The absence of phosphate groups to 
connect the tetramers allows a degree of adjustment that might 
not be present in a true double-stranded octamer. 

Four octamers as shown are packed into the tetragonal unit 
cell of the crystal in helical arrays around water channels with 
elliptical cross-sections, parallel to the z axis. Each octamer uses 
its relatively flat minor groove side to define a long side of one 
elliptical channel, and its more concave major groove to make 
the sharp bend at the short side of a different elliptical channel. 
The individual octamers are hydrated as described below, and 


Fig. 3 PLUTO space-filling draw- 
ings of three ‘CCGG tetramers 
stacked atop one another along their 
helix axes to form a complete turn of 
A-DNA helix. In the actual octamer 
found in the crystal (Fig. 2), one 
tetramer is inverted before being 
stacked on the other, with equivalent 
base pairs in contact. In contrast, in 
this simulation of a complete turn of 
helix, all three tetramers are stacked 
upright in the sense of Fig. 1, with 
base pair G4~C5 at the top and C1- 
G8 at the bottom. No attempt has 
been made to idealize or regularize 
individual molecules, or to fill in the 
missing phosphate groups that would 
connect tetramers in a continuous 
helix; each tetramer is exactly as 
observed in the crystal. a, Side view 
looking. into the cavernous major 
groove at the top, with the shallow 
minor groove in profile at right. b, 
Top view down the helix axis, show- 
ing the ‘spiral staircase’ arrangement 
of base pairs and the hollow centre. 


networks of localized solvent molecules extend across the 
channels. 


The idealized extended A helix 


The octamer in Fig. 2 does not provide a true impression of a 
continuous A-DNA helix with this helix geometry. Figure 3 
shows two views of a full turn of helix, constructed by stacking 
three identical tetramers on top of one another with their local 
helix axes coincident. The very deep major groove is particularly . 
striking in stereo (Fig. 3a). The groove is narrower in the 
continuous helix (Fig. 3) than in the crystal structure octamer 
(Fig. 2) because of the 8° angle between local helix axes in the 
octamer. If this angle were straightened out to 0°, then the major 
groove in the octamer would appear as in Fig. 3a, with phos- 
phorus—phosphorus separations across the groove of 7.8A 
rather than 10.9 A, the P6-P6 separation in Fig. 2. This factor: 
will become important in the following discussion of hydration. 

The shallow minor groove is hardly a groove at all-in 
comparison with its structure in B-DNA. Figure 36 shows the 
hollow channel down the centre of the helix, a feature peculiar to 
A-DNA. Ina sense the A helix is more a twisted, double-edged 
ribbon than a cylinder of stacked base pairs. The major groove is 
only one-quarter as wide as the minor one, but is four times as 
deep (Table 1). 


Hydration and contrast with B-DNA 
The A-DNA structure itself has been completely refined; 
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remaining refinement will be concerned principally with adding 
more solvent peaks until the difference electron density map has 
no significant residual features. The 29 solvent peaks added so 
far give a good impression of the hydration state of the A helix, 
since most of the peaks that have yet to be incorporated lie in the 
open solvent channels between molecules. A detailed analysis of 
intermolecular water networks, and comparison with other 
results (refs 25, 26 and M. L. Kopka, A. V. Fratini, H. R. Drew 
and R.E.D., in preparation) will be described elsewhere (B.N.C. 
and R.E.D., in preparation). The helical octamers are long 
enough to establish true major and minor groove solvent 
environments, even though the chemically unique unit is only 
four bases long. 

The hydration state of A-DNA in CCGG is significantly 
different from that of B-DNA in CGCGAATTCGCG. In the 
35% MPD crystals of B-DNA”, all the N and O groups on the 
edges of base pairs in the major groove are hydrated by a 
monolayer of solvent molecules, but the bulk water within the 
major groove appears disordered. Similarly, except for three 
examples where a water molecule is trapped in a clathrate-like 
manner between a phosphate group and a thymine methyl, 
hydration of B-DNA along the phosphate backbone also is 
unlocalized, without clearly defined peaks. But taking the B- 
DNA dodecamer to the higher alcohol concentration of 60% 
MPD produces a more extensive second- and third-shell hydra- 
tion within the major groove, and a more extensive and ordered 
hydration along the phosphate backbone (M. L. Kopka, A. V. 
Fratini, H. R. Drew and R.E.D., in preparation). Almost every 
free phosphate oxygen has a solvent ligand, and another solvent 
molecule frequently bridges the two oxygens. The most striking 
and unvarying aspect of B-DNA hydration, however, is a zigzag 
spine of water molecules running down the narrow minor 
groove, bridging purine N-3 and pyrimidine O-2 atoms on 
adjacent base pair steps, where not interrupted by N-2 amino 
groups on guanines. This feature is identical in low and high 
MPD crystals, though slightly more extensive in the latter. It has 
been proposed that the breakup of this minor groove spine of 
hydration is the crucial first step in the cooperative transition 
from the B to the A form’*?’, 

With respect to the phosphate backbone, CCGG in 80% 
isopropanol resembles CGCGAATT™CGCG in 60% MPD: a 
chain of localized water molecules follows each tetramer back- 
bone strand, bonding to the two unesterified oxygens on each 
phosphorus. Eighteen well defined solvent peaks are associated 
with the phosphate backbone, and many of these first hydration 
shell ligands are themselves bridged by other solvent molecules 
(see Fig. 4). In the view of the octamer in Fig. 2, a network of six 
solvent molecules (and their six symmetry-related partners) 
arches across the opening of the major groove, connecting 
phosphates P-6 and P-7 on opposite sides. This octamer is so 
short that the two edges of the major groove are in opposition 
only at P-6 and P-7. In a continuous A helix, such as in Fig. 3, 
one would expect the opening of the major groove to be crossed 
by a continuous network of solvent molecules, especially as the 
actual A-DNA groove would be 3 A narrower than that in the 
octamer of the crystal structure. This network of solvent mole- 
cules stitching together the two edges of the major groove may 
be a distinctive feature of the A helix. 

In contrast, fewer ordered water molecules seem to be located 
deep in the major groove of A-DNA, or in the very shallow 
minor groove, even though the major groove is more accessible 
in this crystal structure analysis than it would be in continuous 
A-DNA. Only one-third of the N and O atoms on base edges 
have clearly defined full-occupancy ligands, five in the major 
groove and three in the minor one. Another one-quarter has 
small nearby peaks tha. may represent partial occupancy sites 
(three each in major and minor), but hydration within the 
grooves is less impressive than in either of the grooves of 
B-DNA, even at comparable alcohol concentrations. 


Water structure and the B-to-A transition 
In summary, in A-DNA there is no trace of the minor groove 


A 
SN UNS-N2 ros 5 


N 


Ax Ga CSE, 24 





32-9 5 : y 4 
OG NA. <7 See 
Sey. Pe "i Si EG- -10—34 > 
24 XD e g Nor 
26 IN ON3—N2ro2 5 / 28 E 
a SX G3 Jeers, Wl $a 
by Ngee ON 
C re 
a = 20-34 
'7 a“ 32 oe 
37 4 G7 SE, 
a 5. “N4log—N7~ > 
32 No Yo 06 ee 
wre Y3 Pa 
3 2 
3 NI o2 N2=~N3 4 
È Ci] 68 JA 
HO’ N4~-06~N/ ` 
i | ; 
| ' L 21 
E2 
2 


Fig. 4 Schematic drawing of hydration in the immediate vicinity of the 
CCGG double helix in the crystal. The four central ovals represent purine- 
pyrimidine base pairs identified by base numbers, as ‘G4/CS5’ at the top. 
Base ring nitrogen and oxygen atoms are shown by N3, N2, O2 and so on 
around the perimeter of each oval. The upper edge of each oval faces the 
minor groove, and the lower edge faces the major. The two sugar~phosphate 
chains run vertically at either side of the base pair ovals, with C-3’, C-4' and 
C-5’ atoms indicated merely by 3’, 4’ and 5’, (Atoms C-1', C-2' and O-1' are 
omitted for clarity. ) Phosphates are numbered P2-P4 and P6~P8 according 
to the base to which they are linked via C-5' atoms. Solid black oxygen atoms 
on phosphates are those facing the major groove. Large numbers identify the 
most prominent solvent molecules in the immediate vicinity of the double 
helix. x Indicates that a peak was specifically looked for in the electron 
density map but not found. y,-y, Are lesser peaks not included in the original 
hydration search, but found in the map when specifically examined for base 
edge coordination. Indicates that base edge atoms are blocked by 
neighbouring DNA substituents, and hence unavailable for hydration. The 
region of the major groove opening depicted in Fig. 2 appears at the upper 
right edge. A chain of five solvent molecules (24-10-34-11-36) runs 
diagonally downwards to the right from phosphate P-6 in Fig. 2, with the 
parallel symmetry-related chain (36-11-34-10-24) just below it. Solvent 
molecules 19 and 20 in two symmetry-related pairs lie just below and above 
these two strands in Fig. 2. The solvent network shown at the left of the 
diagram is necessarily incomplete and distorted because a three-dimensional 
network cannot easily be flattened into a planar diagram. Solvent atom 32 at 
the lower left, for example, is part of a network connecting phosphate P-2 
with phosphate P-4 on a different double helix (upper left). It also is 
coordinated directly to major groove atoms N-7 and O-6 on base G3 of the 
same helix. However, the figure does provide an accurate depiction of the 
first hydration shell of the helix. 


spine of hydration that is so prominent in B-DNA, nor does 
there appear to be as uniform a monolayer of ordered solvent 
lining the major groove. The extensive solvation of phosphate 
backbone observed in B-DNA at 60% MPD reappears in 
A-DNA, where it seems to lace together the two edges of the 
major groove. 

These observations permit the ideas proposed in ref. 26 on the 
B-to-A helix transition to be carried one step further. The 
backbone phosphate groups are more polar, and have a greater 
attraction for water molecules, than do the N and O groups on 
the edges of base pairs within the grooves. In conditions where 
the activity coefficient of water is high (conditions favouring 
B-DNA), all these polar groups should be solvated; but when 
the water activity is decreased, either by dehydration or by 
addition of alcohol, then the groove N and O groups should lose 
their solvation shells before the phosphates do. When the spine 
of hydration in the minor groove is disrupted, the integrity of the 
B structure is destroyed and the helix slips into the A form, in 
which the still hydrated phosphate groups participate in a 
network of solvation that laces together the two edges of the now 
quite narrow major groove. The phosphate-associated lacing 
across the major groove in A-DNA may have a stabilizing role 
comparable with that of the base-associated spine within the 
minor groove in B-DNA. When the water activity around an A 
helix is increased again, rehydration of base edge N and O 
groups, including re-establishment of the minor groove spine, 
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shifts the equilibrium in favour of B-DNA, because the number 
of molecules solvating the phosphate backbone is not altered, 
but only their disposition. 

Since submission of this manuscript, O. Kennard and co- 
workers at Cambridge have solved the structure of another 
A-DNA helix, of sequence: GGTATACC (personal com- 
munication). 


Received 27 July; accepted 27 October 1981. 


1, Watson, L D. & Crick, F. H. C. Nature 171, 737-738 (1953). 
2. Langridge, R., Wilson, H. R., Hooper, C. W., Wilkins, M. H. E. & Hamilton, L. D. J. molec. 
Biol 2, 19-37 (1960), l 
3. Puller, W., Wilkins, M. H. E., Wilson, H. R., Hamilton, L. D, & Arnott, $. J. molec, Biol. 12, 
6()-80 (1965). 
4, Arnott, S. in Organization and Expression of Chromosomes (eds Allfrey, V. G., Bautz, 
E. K. £., McCarthy, B. J., Schimke, R. T. & Tissieres, A.) 209-222 (Dahlem Konferen- 
zen, Berlin, 1976). 
& Arnott, S. & Selsing, E. J. molec. Biol. 98, 265-269 (1975). 
6. Marvin, D. A., Spencer, M., Wilkins, M. H. F. & Hamilton, L. D. J. molec. Biol. 3, $47-565 
{1961}. 
. Davies, D, R. & Baldwin, R. L. 7. molec. Biol, 6, 251-255 (1963). 
. Bakura, K. & Riggs, A. D. Science 209, 1401-1405 (1980). 
. Wing, R. M. et al, Nature 287, 753-758 (1980). 
. Drew, R, R. et al. Proc. natn. Acad. Sci. U.S.A. 78, 2179-2183 (1981). 
. Wang. A, H.-J. et al. Nature 282, 680-686 (1979). 
_ Arnott, S., Chandrasekaran, R., Birdsall, D. L., Leslie, A. G. W. & Ratliff, R, L. Nature 283, 
743-745 (1980), 


jsh pari eo 
pa ma CO OO wg 


299 


We thank Al Fratini, Mary Kopka and Horace Drew for 
permission to quote their dodecamer results in 60% MPD 
before publication, and Lillian Casler for assistance with the 
figures. This work was supported by NIH grant GM-12121 and 
NSF grant PCM79-13959. B.N.C. was the recipient of an NIH 
predoctoral traineeship. This is contribution no. 6482 from the 
Division of Chemistry and Chemical Engineering. 


13, Drew, H., Takano, T., Tanaka, S., Itakura, K. & Dickerson, R. E. Nature 286, 567-573 
(19801. 

14. Hendrickson, W. A. & Teeter, M. M. Mature 290, 107-113 (1981). 

15. Seeman, N. C., Day, R, O. & Rich, A. Nature 253, 324-326 (1975). 

16, North, A. C. T., Phillips, D. C. & Mathews, F. S. Acta crystallogr. A24, 351-359 {1968}. 

17. Rossman, M. G, Acta crystailogr. 14, 383-388 (1961). 

18. Sim, G. A. Acta crystallogr, 13, 511-312 (1960). 

19. Sim, G, A. Acta crystallogr. 17, 1072-1073 (1964), 

20. Ramachandran, G. N & Raman, $; Carr, Sci. 11, 348-351 (1936). 

21. Jack, A. & Levitt, M. Acta crystallogr. AJA, 931-935 (1976). 

22. Arnott, 8. & Hukins, D. W, L. Biochem. biophys. Res. Commun. 47, 1504-1509 (1972). 

23. Seeman, N. C., Rosenberg, J: M.,Suddath, F. L., Kim, J, J. P, & Rich, A. J. molec. Biol. 104, 
109~ £44 (1976). 

24. Rosenberg, J. M., Seeman, N. C, Day, R: O. & Rich, A. J. molec. Biol. 104, 145-1467 
i1976). 

28. Neidel, S., Bermat, H. M. & Shieh, H. S. Nature 288, 129-133 (1980). 

26. Drew, H. R. & Dickerson, R. E. J. molec, Biol. 181, 535-556 (1981). 

27. Dickerson, R. E., Drew, H. R. & Conner, B. N. in Biomolecular Stereodynamics Vot. 1 (ed. 
Sarma, R. H.) 1-34 (Adenine, New York, 1981). 





Nucleotide sequence of cloned cDNA 
encoding bovine 
arginine vasopressin-neurophysin II precursor 
Hartmut Land’, Günther Schütz’, Hartwig Schmale’ & Dietmar Richter’ 


* Institut für Zell- und Tumorbiologie, Deutsches Krebsforschungszentrum, Im Neuenheimer Feld 280, D-6900 Heidelberg, FRG 
+ Institut fiir Physiologische Chemie, Abteilung Zellbiochemie, Universitat Hamburg, Martinistrasse 52, D-2000 Hamburg 20, FRG 





The sequence of a cDNA encoding the nonapeptide arginine vasopressin (AVP) and its carrier protein, neurophysin II 
(NpII) from bovine hypothalamus, proves that the 166-amino acid precursor molecule contains a signal peptide of 19 
amino acids followed directly by AVP connected to NpII by a Gly-Lys-Arg sequence. The carboxy-terminal region of the 
precursor contains a naturally occurring glycopolypeptide of 39 amino acids which is separated from NpII by a single 


arginine residue. 
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THE nonapeptide hormones arginine vasopressin and oxytocin 
are synthesized in the supraoptic and paraventricular nuclei of 
the hypothalamus together with their respective ‘carrier’ pro- 
teins, the neurophysins (for reviews see refs 1-4), Arginine 
vasopressin and oxytocin are produced by separate populations 
of magnocellular neurones in both nuclei™®. Together with the 
neurophysins they are packaged into neurosecretory vesicles 
and transported axonally to the nerve endings located in the 
neurohypophysis, where they are either stored or secreted into 
the bloodstream. More than a decade ago, Sachs and co- 
workers’ suggested that arginine vasopressin and its cor- 
responding neurophysin (molecular weight M,) 10,000 are 
synthesized in the form of a common precursor which is cleaved 
by proteolysis to yield the biologically functional peptides. This 
hypothesis is supported by the finding that rats with hereditary 
diabetes insipidus are deficient in synthesis of arginine vaso- 
pressin® and one species of neurophysin'®”*. Further evidence 
in support of this model of a cellular polyprotein” was obtained 
by the isolation from the hypothalamus of rats'*"'° and mice’ of 
precursor polypeptides with apparent M, of 20,000 and 17,000, 
respectively. These polypeptides cross-reacted with antibodies 
directed against neurophysin’”’'* and were found to be proces- 
sed in vivo to polypeptides of neurophysin size’. One of the 
precursors gave rise to an arginine vasopressin-like peptide after 
trypsinization’. Neurophysin precursors were also demon- 
strated after in vitro translation of hypothalamic mRNA’. 
Recently, an in vitro synthesized common precursor to arginine 


vasopressin and bovine neurophysin I (AVP-Npll) has been 
identified both immunologically**** and by tryptic fingerprint 
analysis**. The latter showed that authentic AVP,., and the 
expected oligopeptides specific for NpII can be released from 
the in vitro synthesized precursor’. Furthermore, comparison 
of the tryptic peptides obtained from the pre-proform, the 
glycosylated proform and a 14,000-M, intermediate of the 
AVP-Npll precursor indicated that AVP should be directly 
connected to the signal peptide and that AVP and NplI should 
be close neighbours within the precursor”. However, proof of 
the intramolecular organization of the AVP-NpII precursor 
awaits elucidation of its amino acid sequence. 

The construction of bacterial plasmids containing the mRNA 
sequence for the AVP-NpH precursor is a direct approach to 
analysing the amino acid sequence, the mRNA and the gene for 
the hypothalamic polyprotein. Here we present the nucleotide 
sequence of the mRNA which allows us to predict the primary 
structure of the AVP-NpI precursor synthesized in the bovine 
hypothalamus. 


Cloning of cDNA encoding the AVP-Nplil 
precursor 

Poly(A)-containing RNA from bovine hypothalamus was iso- 
lated as described in Fig. 1 legend. To estimate the relative 
proportion of mRNA coding for the AVP-NplIl precursor, the 
RNA was translated in vitro using a rabbit reticulocyte lysate in 
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the presence of five `H-labelled amino acids. About 1% of the 
trichloroacetic acid-precipitable radioactivity was found in 
material that was immunoprecipitated with antibodies against 
bovine neurophysin II. 

Double-stranded cDNA was synthesized from the poly(A)- 
containing RNA by a method that reduces the loss of the 
5'-terminal mRNA sequences in the steps following cDNA 
synthesis*’. This approach avoids the self-priming step for 
generation of double-stranded cDNA. Therefore, no S,- 
nuclease digestion step is required. Instead, the cDNA is tailed 
with dC residues at its 3’ end using terminal deoxynucleotidyl 
transferase. The synthesis of the second strand was primed by 
oligo(dG) hybridized to the 3’ tail. dC-tailed double-stranded 
cDNA was then annealed to the plasmid pBR322 that had been 
previously linearized by restriction endonuclease Pst] and dG- 
tailed. Tetracycline-resistant transformants were screened for 
ampicillin sensitivity (for details see Fig. 1 legend). 

To identify plasmids carrying the more frequent mRNA 
sequences, plasmid DNAs from 550 colonies were hybridized to 
in vitro **P-labelled poly(A)-containing RNA from bovine 
hypothalamus that was ~10-fold enriched for AVP-Npll 
mRNA by fractionation after passage through two consecutive 
sucrose gradients’’; 55 plasmids gave a positive hybridization 
signal. Because the yields of mRNA isolated from bovine hypo- 
thalami were very low, the RNA-consuming positive hydrid 
selection assay” could not be used for clone identification. To 
identify clones specific for AVP-NplII precursor sequences, we 
adopted a strategy whereby restriction endonuclease cleavage 
sites in an unknown DNA sequence can be predicted unam- 


Fig. 1 Cloning of cDNA specific for bovine hypothalamic mRNA and 
selection of plasmids carrying sequences encoding the A VP-NpII precursor. 
Membrane-bound polysomes were isolated from bovine hypothalami and 
the RNA extracted with SDS/phenol/chloroform’’. Polyadenylated RNA 
was purified by oligo (dT)-cellulose affinity chromatography. The yield was 
0.4-0.5 ug poly(A)-containing RNA perg of tissue’; 1.2 ug of single- 
stranded cDNA was constructed from 10 yg poly(A)-containing RNA with 
AMV reverse transcriptase™, To generate double-stranded cDNA (ds 
cDNA), the cDNA was dC-tailed at its 3’ end with terminal deoxyribonu- 
cleotidy!l transferase (TdT). The synthesis of the second cDNA strand was 
primed by oligo(dG) hybridized to the 3’ tail”. The cDNA was extracted 
with chloroform/isoamylalcohol and ethanol-precipitated twice, then 
hybridized to oligo(dG). Reverse transcriptase (60 units) was added to the 
incubation mixture to catalyse synthesis of the complementary cDNA 
strand. The reaction was stopped as described above. Ds cDNA (0.8 ug) 
was run on a 2% agarose gel in Tris-acetate buffer pH 8.0 and molecules 
in the range 500-1,500 bp were recovered from the gel by the glass binding 
method"*, with a yield of 0.2 ug. Ds cDNA was tailed, and ~10 dC residues 
were added to each 3’ end®*. The dC-tailed ds cDNA was then annealed 
to an equimolar amount of Pstl-cut (Renner) dG-tailed pBR322. Ten 
microlitres of annealing solution (2.5 ng vector) were taken for 100 yl of 
competent cells. Transformation of E. coli SK (ref. 64) was carried out as 
described elsewhere®* in L3/B1 conditions as specified by the Zentrale 
Kommission für Biologische Sicherheit of the FRG. Screening for tetracy- 
cline-resistant cells yielded ~200 colonies per ng of ds cDNA with a 
background of 10% ampicillin-resistant clones. To screen the recombinant 
colonies, plasmid DNAs from 550 clones were individually prepared accord- 
ing to a minipreparation protocol” and spotted on to nitrocellulose filters”. 
The filters were hybridized to a **P-labelled poly(A)” RNA probe™ which 
was enriched for mRNA coding for the common AVP-NplI precursor by 
two subsequent separations on isokinetic sucrose gradients*’. Desired frac- 
tions were selected by an in vitro translation assay*’. Plasmid DNAs from 
55 colonies giving a hybridization signal markedly above background were 
collected into 11 groups, RNase A-treated, restricted with Sau961 (BLR) 
and labelled at their 3’ ends with Escherichia coli DNA polymerase | 
Klenow fragment (BRL). Unincorporated radioactivity was removed by 
centrifuging the reaction mixture through a syringe packed with Sephadex 
LH-60 (Pharmacia). The excluded material was ethanol-precipitated and 
run on a 15% polyacrylamide ge! (b, lanes 2-12). DNA M, standards: Lane 
1, pBR322 was digested with Hpall and the 3' ends were labelled with 
[a-*P]dCTP as described above. Lane 13, molecular Clal linkers (Col- 
laborative Research) were phosphorylated with [y-**P]ATP and ligated. 
Numbers indicate the size of the DNA marker bands in base pairs (bp). 
The gel was dried and autoradiographed. a, Sau961 cleavage sites predicted 
from the amino acid sequence of neurophysin. Definite sites are framed by 
solid lines, possible sites by broken lines (for further explanation see text), 


biguously from a known amino acid sequence. Only a few 
restriction endonucleases have recognition sequences that fulfil 
the necessary requirements. Fnu4HI (GCNGC)”’ cuts the DNA 
at any position corresponding to the amino acid sequence 
Ala-Ala (GCNGCN), Sau96I (GGNCC)* cuts at all positions 
coding for Gly-Pro (GGNCCN). The neurophysins exhibit Gly- 
Pro sequences at positions 14-15 and 23-24. Ifa DNA sequence 
coding for neurophysin is digested with Sau96I, a 27-base pair 
(bp) fragment should be generated by cuts at the predicted 
cleavage sites. Computer analysis revealed the possible exis- 
tence of an additional restriction site for Sau961 within this 
27-bp fragment which, if it were present, would lead to cleavage 
of the 27-bp fragment into fragments of 14 and 13 bp (Fig. 1a). 
To detect clones carrying the 27-bp fragment, the 55 positively 
hybridizing plasmid DNAs were pooled into 11 groups, cut with 
Sau961, *’P-labelled at their 3’ ends and run on a poly- 
acrylamide gel (Fig. 1b, lanes 2-12). Plasmids revealing frag- 
ments of between 25 and 30 bp were identified individually and 
a partial nucleotide sequence of the inserted cDNA was deter- 
mined*'. Neurophysin and arginine vasopressin amino acid 
sequences were compared with the cDNA sequences using a 
suitable computer program”’. Of the eight plasmids giving rise 
to a Sau96I fragment 25-30 bp long, three were found to carry 
cDNA sequences corresponding to NpII amino acid sequences. 
The 27-bp fragments in lanes 6, 10 and 11 of Fig. 1 (arrows) 
represent this type of cDNA sequence. The bands in lanes 6 and 
10 are clearly visible on longer exposures. 

Rescreening of the 550 recombinant plasmids by hybridiza- 
tion with *’P-labelled cloned cDNA for the AVP-Npll pre- 
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Fig. 2 Size determination of the mRNA encoding the common 
bovine AVP-NpII precursor. Bovine hypothalamic poly(A)- 
containing RNA which previously had been separated on a 2% 
agarose formaldehyde gel and transferred to a nitrocellulose 
filter? was hybridized to **P-labelled pVNpII-1 DNA. After 
washing, the dried filter was autoradiographed at —70°C using an 
X-ray intensifying screen. Lane 3, bovine hypothalamic poly(A)- 
containing RNA (~1 pg) hybridized to **P-labelled pVNplI-1 
DNA. Lane 1, chick oviduct poly(A)” RNA (120 ng) hybridized to 
2p labelled poa-1210 DNA, an ovalbumin cDNA-carrying 
plasmid (H.L., unpublished results). Lane 2, hybridization of chick 
oviduct poly(A)” RNA (1.2 pg) to *’P-labelled pom-48 DNA” 
and pls-1 DNA”; pom-48 carries ovomucoid cDNA sequences, 
pls-1 carries chicken lysozyme cDNA sequences. Assuming a 
length for the poly(A) tail of ~40 residues, the bands correspond- 
ing to the mRNAs represent sizes of 1,9007*, 8607° and 63074 
nucleotides, respectively. Numbers indicate the lengths of zp: 
labelled DNA fragments obtained after Hinfl cleavage of 
SV40 DNA. 


cursor identified seven positive clones, all of which were present 
in the 55 preselected clones; five carried sequences homologous 
to the bovine AVP-Npll precursor, and two had sequences 
specific for the oxytocin-nurophysin I precursor. Both cDNAs 
cross-hybridized because of the high degree of sequence 
conservation between NplII and Npl. 

To correlate the sizes of the inserted cDNAs with the length of 
the mRNA for the bovine AVP-NpII precursor, poly(A)- 
containing RNA from bovine hypothalamus was run on a dena- 
turing agarose gel, blotted on to a nitrocellulose filter and 
hybridized to **P-labelled cloned cDNA for the AVP-Npll 
precursor (Fig. 2, lane 3). One band was observed corresponding 
to a length for the mRNA of 700-750 nucleotides. Because of 
the sequence homology and the different size (M, 16,500)” of 
the oxytocin-neurophysin I precursor one might expect to find 
an additional faster migrating band corresponding to the oxy- 
tocin-neurophysin I precursor mRNA. Both mRNAs may be of 
similar molecular size and may therefore not be separated in this 
gel system. 

The plasmid pVNpll-1, which carries the largest cDNA insert 
specific for bovine AVP-NplI precursor (~750 bp) was selected 
for further studies. Its nucleotide sequence was determined 
using the strategy shown in Fig. 3. 


cDNA sequence defines primary structure. of 
AVP-NplIlI precursor 

Figure 4 shows the nucleotide sequence of the bovine AVP- 
NpII precursor mRNA. AVP is encoded by nucleotides 1-27. 
Nucleotides 37-321 correspond precisely to the amino acid 
sequence determined for bovine neurophysin H; nucleotides 
301-303 code for valine, a position known to be heterogeneous 
(lle/Val) in bovine NplII**. The polypeptide carrying the 


carbohydrate moiety of the precursor %17 can be deduced 
from nucleotides 325-441 and is followed by a stop codon. The 
predicted sequence is completely homologous to the amino acid 
sequence previously reported for a glycoprotein of 39 amino 
acids isolated from bovine pituitary”. 

An open reading frame is found in the cDNA sequence 
upstream from nucleotide +1. Assuming that the methionine 
codon AUG at positions -55 to —57 is the location of the 
translational initiation site, the following 19 mainly hydrophobic 
amino acid residues would represent the leader or signal peptide. 
similar to that of other secreted proteins’. This is in close 
agreement with the in vitro identified prepro- and proforms to 
AVP-Npll which differ in size by ~15-20 amino acids”. The 
bovine AVP-NplI precursor consists of 166 amino acid resi- 
dues, with a calculated molecular weight of 17,310, which is 
smaller than that estimated for the non-glycosylated preproform 
(M, ~21,000)'°*?? synthesized in vitro. This may, however, be 
explained in a way similar to that of the mature neurophysins, 
the molecular weights of which are overestimated by SDS- 
polyacrylamide gel electrophoresis’’. There is no evidence for 
the existence of a larger AVP-Npll precursor™. 

The cDNA sequence cloned in pVNplI-1 terminates nine 
nucleotides upstream from the AUG codon. To determine the 
sequence of the 5’-terminal portion of the AVP-NpII precursor 
mRNA which is missing in the cDNA clone, primer extension 
sequencing experiments?’ were done. The results are shown in 
Fig. 4: nucleotides —106 to —67 (in parentheses). As this 
sequence has been obtained for one strand only, it is not yet 
firmly established; however, these experiments map the 5’ end 
of the mRNA sequence 40 nucleotides upstream from position 
—66 (not shown). This implies a length of ~610 nucleotides for 
the mRNA body. Taking into account the long poly(A) tails 
cloned in pVNplII-1 and pVNp-2 (~150 A residues), this esti- 
mate corresponds well with the size of the AVP-NplII precursor 
mRNA determined by Northern blotting (Fig. 2). 

The codon usage is non-random and very similar to that in 
other eukaryotic mRNAs (not shown)*°**. Particularly, it 
reflects a high preference for C or G in the third position of the 
codons: 93 codons (56% ) terminate in C, 61 (36%) in G, 7 (4%) 
in A and 6 (4%) in T. Thus, as in the adrenocorticotropic 
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Fig.3 Restriction map and sequencing strategy for the plasmid pVNpHi-1. 
The cDNA was inserted into the PstI site of pBR322. The pBR322 coor- 
dinates” of the EcoRI site and of one Hpall site are indicated. The 3’ > 3’ 
orientation according to the mRNA sequence is in the same sense as the 
B-lactamase gene of pBR322. The boxed region represents the 750 bp-long 
insert including the poly(dG)-poly(dC) tails (open regions). The mRNA 
sequence is shown as a solid bar. The predicted start point of translation and 
the position of the termination codon (term) are indicated. The region 
homologous to the poly(A) tail of the mRNA is represented by the hatched 
area. The dots and arrowed lines below the bar indicate the restriction sites 
used for labelling the DNA at the 5'-terminal. phosphate and the direction 
and extent of DNA sequence determined. W Represents a 3'-end label of the 
DNA. To prepare purified DNA fragments for sequencing, pYNpll-1 DNA 
(10 pg) was cut by the indicated restriction endonuclease, treated with 
aikaline phosphatase from calf intestine (Boehringer) at 37 °C for 30 minin 
50 mM Tris-HCI pH 8, heated at 70°C for 10 min in the presence of 6 mM 
EGTA and then phenol-extracted. DNA was labelled with 10 units of T4 
' polynucleotide (BRL) at 37°C for 30 min in a 10 pl volume of 50 mM 
Tris-HCI pH 7.5, 10 mM MgCl, 5 mM dithiothreitol { DTT), 0.1 mM sper- 
midine, and 50 pCi [y-??P]ATP (>5,000 Ci mmol” *; Amersham). 3’ Label- 
ling was performed with T4 DNA polymerase (BRL) in 10 uM of 20mM 
Tris-HCI pH 7.5, 10mM MgCl, 1mM DTT and 50 Ci fa-**P]d TTP 
(2,000-3,000 Ci mmol”'; Amersham). The labelled DNA was subsequently 
cut with Pst! (BRL), then separated by gel electrophoresis through 5% 
polyacrylamide in 50 mM Tris-borate pH 8.1, 1 mM EDTA. The appro- 
priate fragments were eluted, purified on DES2 (Whatman) and ethanol- 
precipitated. The Smal*~Aval* fragment was purified by gel electrophoresis 
hefore cutting with Xmalll. The crosses represent the position of the [yP] 
label. Sequence reactions were carried out as described elsewhere’. 
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AUG 
MET 


UCC GAC 


ASP 


3 GAG 
GLU 


190 
AGA CAG UGU CCC UGC GGC CCC GGG GGC GGC CGC UGC UUC GGG CCC AGC AUC UGC 
ARG GLN CYS PRO CYS GLY PRO GLY GLY GLY ARG CYS PHE GLY PRO SER ILE CYS 
20 40 


CUG 
LEU 


GGG | 
GLY 


GAG 
GLU 


180 
ACG GCC 
THR ALA 


CUS 
LEU 


GGC 
GLY 


UGC 
CYS 


guc 
PHE 


GGC 
GLY 


GAG 
GLU 


GCG 
ALA 


CUG 
LEU 


UGC 
CYS 


CAA 
GLN 


AAC 
ASN 
60 


UCG 
SER 


GAG GAG 
GLU GLU 


UAC 
TYR 


CUG 
LEV 


CCS 
PRO 


UGC 
CYS 


uce 
SER 


250 
GOC AUC 
GLY ILE 


GGC 
GLY 


CAG 
GLN 


cec 
PRO 


AAG 
LYS 


GGG 
GLY 


AGC GGG 
SER GLY 


GCC 
ALA 


UGC 
CYS 


GAG 
GLU 


GGC 
GLY 


CGC 
ARG 


UGC 
CYS 


GCC 
ALA 


UGC 
CYS 


RAC 
ASN 


GAŬ 
ASP 


UGC 
CYS 


ACC 
THR 


300 
GGU GUC 
GLY VAL 
100 


GAG 
GLU 


ccc 
PRO 


GAG 
GLU 


UGC 
CYS 


GAA 
GLU 


GGC 
GLY 


Cue 
PHE 


CEC 
PRO 


CGC 
ARG 


GUU 
VAL 


cec Gee 
ARG ALA 


AAC 
ASN 


AAC 
ASN 


GAC 
ASP 


CGG 
ARG 


AGC 
SER 


ACC 
THR 


CUG 
LEU 


409 
GCG GGG 
ALA GLY 


GCG 
ALA 


GAC 
ASP 


GGG 
GLY 
120 


CCG 
PRO 


AGC 
SER 


GCC 
ALA 


Cus 
LEU 


GCG 
ALA 


GAG 
GLU 


CEC 
PRO 


CEC 
PRO 


UUG UUG 
LEU LEU 


CUG 
LEU 


COG 
ARG 


CUG 
LEU 


GUG 
VAL 


CAG 
GLN 


CCG 
PRO 


CAG 
GLN 


450 500 
cec GGCGCGECCECCCCCUCCCCACCCCUGCCCUCGCAGCACGAAAAAUAAACGUUUUAAAGGC (A) 


PRO 


GGC GUC 
GLY VAL 


UAC 
TYR 
t47? 


UGA 


kkk ee 


Fig.4 Nucleotide sequence of AVP-NplIl precursor mRNA from bovine hypothalamus, and deduced amino acid sequence. The nucleotide 
numbers are shown above the sequence. Nucleotide residues are numbered in the direction 5’ > 3’ in the mRNA strand, beginning with the first 
residue in the coding region for arginine vasopressin. The nucleotides upstream from residue 1 are indicated by negative numbers. The predicted 
amino acid sequence is numbered by designating as 1 the first residue (Cys) of arginine vasopressin. The amino acids constituting the putative 
signal peptide are indicated by negative numbers, those towards the carboxy terminus of the precursor have positive numbers. The untranslated 
sequence at the 5’ terminus, shown in parentheses is derived from primer extension sequencing of the mRNA” and has not been confirmed by 
sequencing of cloned DNA. The *’P-labelled DNA fragments BstNI(—58)-Sau 961(+39)* and Ddel(—23)-Sau961(+39)* were used as 
primers. Asterisks indicate the position of the [y-*P] label. 


hormone (ACTH) £B-lipotropin hormone (8-LPH) precursor -9 a A3 7 8 r n8 u 47 
mRNA**, the AVP-NpII precursor mRNA has a high G+C | 109181 
content (70%) markedly exceeding that of total bovine DNA Cysteines 


(39%)**. The occurrence of 48 C-G dinucleotides within 610 
nucleotides is in contrast to the relatively low abundance of this 
dinucleotide in other eukaryotic mRNAs*°* as well as in total 
bovine DNA**. The sequence AAUAAA commonly found 
near the 3’ end of eukaryotic mRNAs***? is present in the 
AVP-NplIl precursor mRNA 12 nucleotides upstream from the 
poly(A) tail. 
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Putative 
Signal 
& # * J peptide 
Structural and functional implications of ER- Giy 
AVP-NpiII precursor Glycoprotein 
The mRNA sequence presented here proves conclusively that re meh 
the hypothalamic peptide hormone arginine vasopressin and its acoprestin . 


Wer, ae 
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Fig.§ Schematic representation of the structure of bovine AVP- 
NpII precursor. Characteristic amino acids are shown: the 


carrier protein neurophysin II are synthesized via a common 
precursor. This precursor is one of the class of cellular poly- 
proteins which have the uncommon feature of being processed 
into several functionally distinct oligo- or polypeptides". 
Members of this class include the hypophyseal precursor to 
corticotropin, melanotropic hormones and endorphins* and the 


precursor containing the Met- as well as the Leu-enkephalins 


from the adrenal medulla**. The precursors to somatostatin’ | 


and calcitonin** may also contain biologically active peptides in 
addition to the hormones but this has not been proved. 
Compared with these polypeptides, the AVP-Npll precursor 
seems to be the only example where the sequence information is 
entirely represented within the in vivo identified cleavage 
products (Fig. 5). AVP immediately follows the assumed signal 
peptide, and as indicated by the nucleotide sequence, has a 
glycine residue (amino acid 10) adjacent to its carboxy- 
terminus. As with other polypeptide precursors****"*, the gly- 





arrangement of cysteines (marks above the line), and glycine 
(residue 10) necessary for amidation of AVP and amino acid 
signals for proteolysis. Numbering of the amino acid residues is as 
in Fig. 4. The putative signal peptide (~19 to —1) is represented by 
the hatched bar. Vasopressin (closed bar) extends from amino acid 
residue 1 to 9. Neurophysin II (13-107), shown as a shaded bar, 
exhibits areas of internal homology (dark shading) located between 
amino acid residues 24-43 and 72-89 (ref. 57). The glycoprotein 
part of the precursor (109-147; cross-hatched bar} carrying a 
carbohydrate chain (C) at position 114 is further cleaved into 
several peptides of 10 (109-118), 18 (109-127), 17 (131~147) and 
14 (134-147) amino acid residues’ ’. 
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cine residue may serve as a signal and amino donor to the 
preceding amino acid at the C-terminus of AVP. The glycine 
residue is followed by a pair of basic amino acids suggesting a 
trypsin- and carboxypeptidase-like cleavage site. For cleavage 
between neurophysin II and the glycopolypeptide, only one 
arginine residue (amino acid 108) seems sufficient, whereas the 
neighbouring arginyl-arginine dipeptide (amino acids 105-106) 
remains uncut. 

A glycoprotein of 39 amino acid residues (109-147) is located 
at the carboxy terminus of the precursor and contains a typical 
glycosylation site, Asn-X-Thr (114-116)°*. This glycopolypep- 
tide has also been isolated from the pituitaries of several spe- 
35-54 and contains a glucosamine-rich side chain at the cor- 


cies 
responding asparagine residues****°*. Microinjection of 


Xenopus laevis oocytes with bovine hypothalamic MRNA gives 
rise to a glycosylated AVP-NpII precursor containing glucos- 
amine as well as fucose and mannose residues**. Smyth and 
Massey” isolated four different naturally occurring subfrag- 
ments of the glycopolypeptide (see Fig. 5). Two fragments, 
comprising amino acids 109-118 and 109-127, may be evidence 
for the existence of an alternative processing activity which 
cleaves at the carboxyl side of consecutive leucine residues; a 
similar fragment has been described by Holwerda*’. The two 
other fragments extend from residues 131 and 134, respectively, 
to the carboxy-terminal tyrosine (amino acid 147). 

There have been no studies made of the subcellular localiza- 
tion of the glycoprotein and its fragments, nor is anything known 
about a possible biological function which may be inferred from 
its remarkable sequence conservation during evolution’ 
. However, it is of interest that six consecutive residues (131-136) 

of the glycopolypeptide show close homology to the amino- 
terminal region of procine 8-LPH (amino acids 1-6, Glu-Leu- 
Ala-Gly-Ala-Pro)**”*. 
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Hawking’? has shown that event horizons produce thermal 
radiation. I propose here a new cosmological model which has 
an early event horizon and in which the observed? cosmic 
microwave background radiation is Hawking radiation. The 
model starts with de Sitter space—a space-time of constant 
curvature which is a solution to Einstein's vacuum field equa- 
tions with a positive cosmological constant. Associated with an 
event E in de Sitter space there is a quantum barrier penetration 
tunnelling which leads to an open, negatively curved (k = ~1) 
cosmology. This has an early exponential expansion phase but 
turns into a standard big-bang solution at late times. The 
geometry and quantum mechanical treatment within the future 
light cone of E are similar to that found in the Brout, Englert and 
Spindel (BES) theory**. This model has the following advan- 
tages: (1) It has no singularities. (2) The observed isotropy of the 
cosmic microwave background is explained because the 
different regions we observe have all been in causal contact. (3) 
The temperature at early epochs {To ~ 10°" GeV) is high enough 
to allow grand unified theories (GUTs) to produce the observed 
baryon excess from an initial thermal distribution through CP 
violations”’. (4) T, is correct to make the BES scenario work. 
(5) The early exponential expansion phase can naturally account 
for the observed large number no~ 10 of particles within a 
volume a* (where a is the radius of curvature) and the Guth? 
flatness problem. (6) It predicts that our Universe is an open 
k=-1,0<1 cosmology consistent with the amount of mass 
detected in the universe so far™*". (7) The existence of the event 
horizon makes it possible to create from the original de Sitter 
space other k =-~1 universes (perhaps an infinite number) 
which are entirely disjoint from our own and from each other. 

The BES model starts with Minkowski space. At an event E 
there occurs a spontaneous phase transition from an m =0 
vacuum (Minkowski space) to an m # 0 vacuum, the appearance 
of mass being the signature of a broken symmetry. The metric 
inside the future light cone of E may be written as 


ds? = —~dr’ -+ a*(r)[dy” +sinh? y'(de’ + sin? öd $°) 


(Planck units G = fħ = c¢ =k = 1 are used throughout). This is a 
k = —1 cosmological metric. There is a brief transition phase 
OSTE To to~O(1/m), a(r)~ 7, followed by a particle creation 
phase t9<7< 7, during which the matter being produced 
approaches a constant energy density p =A/87, P=—A/87, 
A = constant. During this period a(7) exp (r/n), n = (3/A)?, 
Tav = —À £,../ 87 and the space approximates a piece of de Sitter 
space. After a time 7,, incoherence develops, particle produc- 
tion stops and the model enters the conventional radiation 
dominated regime of a standard k =~—1 big-bang model. A 
detailed quantum-mechanical treatment* shows that a self- 
consistent exponential expansion phase is possible only if the 
mass of the created particles (and anti-particles) is of the order of 
the Planck mass (m ~ 0(1). r, could be as short as 1/m ~ 01). 7, 
will be of the order of a relaxation time which is expected to be 
comparable with the decay time of the particles (say ~ 10? m~’). 
The BES model has no singularity, and all the regions we see 
today have been in causal contact (with the event E) explaining 
the observed isotropy of the cosmic microwave background 
radiation. 
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While the BES model has attractive features its overall 
spacetime can be conformally mapped onto Minkowski space 
and has no event horizons. In the model proposed here the 
‘future of E’ part of the BES model will be essentially trans- 
planted from its original Minkowski space to a complete de 
Sitter space with T,,, =—Ag,,/8m equal to that found in the 
exponentially expanding part of the BES solution. 

If T.,=—Ag,./87 and the cosmological constant A=0, 
then the solution to Einstein’s field equations G,, = 
Rav 1/2 ¢,.R + Agu = 87T,,, is de Sitter space. (Note that one 
usually encounters de Sitter space as the solution to the vacuum 
field equation with positive cosmological constant: 7,,, = 0 and 
A =A). De Sitter space may be embedded as a hyperboloid”’. 


-V+ W AX + Y? +Z? =r, =3/A (2) 
in a flat five-dimensional space R° with a metric 
ds? = -d V’+d W’ +dX?+dY’° +d? (3) 


Introduce coordinates (n, x, 6,6) where n =2 tan`’ [exp(t/ro)] 
and rasinh(t/re)= V, re cosh (t/ro) cos y= W, oro cosh (t/ro) 
sin y cos @ = X, ro cosh (#/7ro) sin y sin 8 cos @ = Y, ro cosh (t/ro) 
sin y sin 8 sin é = Z, then the metric is 


ds? =r cosh’ (¢/ro)[-dn? +dy?+sin? x(d8?° +sin* 6dd*)] (4) 


This can be mapped conformally onto the Einstein static 
universe S°x R (a static three-sphere existing in time) with 
QLN. 

The event horizon of a black hole in an asymptotically flat 
space time is usually defined’’ as the boundary of the causal past 
of future null infinity #7. Alternatively it can be defined as the 
boundary of the past of a timelike world-line which has a future 
endpoint at future timelike infinity /~. (In an asymptotically flat 
region J` and i” are the places where photons and matter 
particles respectively go as +00), De Sitter space has event 
horizons satisfying this second definition’. An observer whose 
world-line is y = 0,0< n < 7, has an event horizon at y = 7 — 7. 
Every timelike geodesic world-line has an event horizon of 
radius ro = (3/A)'/°. Gibbons and Hawking’? have shown that 
each geodesic observer in de Sitter space detects Hawking 
radiation from these event horizons with a temperature 


T= (12) eat al? (5) 


A thermal radiation field with temperature T equal to the 
observed Hawking temperature has a classical energy density: 


"3 


m i 
Puaw 30 N(T)T* = ~ (6) 


where N(T) is equal to the number of helicity states of all 
particle species (x7/8 for fermions) with mass less than T. For 
standard GUTs N(T) ~ 10° in the high temperature limit®. Each 
geodesic observer observes a total energy density Pons = A/87. 

In de Sitter space different geodesic observers have different 
event horizons so the Hawking radiation is observer dependent. 
This prompted Gibbons and Hawking to argue that it should not 
contribute to the observed T, Press'* on the other hand has 
argued that the Hawking radiation should contribute to T... 
Thus the question of whether the Hawking radiation contributes 
to Ta» is controversial. However, if the Hawking radiation does 
contribute to T, then the symmetries of de Sitter space seem to 
demand that its contribution be of the de Sitter invariant form 
(T,Juaw = —A'g,./8a where A’ is a constant. If the Hawking 
radiation is the only source of 7, then A =A’ and pons = Puaw- 
The required P = —p equation of state for the thermal Hawking 
radiation may be a natural result of trace anomalies produced by 
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For the above reasons, I adopt por: = Puaw- This gives: 
45 7? 
nL 
o= | NT) (7) 
A =5407r/N (To) (8) 
p = 135/2N (To) (9) 





Z — 


Fig. 1 Penrose diagram of the proposed cosmological model. 7 is 
a timelike coordinate and y is a radial spacelike coordinate. This is 
a conformal map in which light travels always at +45° to the 
vertical. The region EAi°E’ BCD has the metric of de Sitter space. 
At the spacelike hypersurface Ai’ there is a phase transition from 
P= —p to P = p/3. The region Ai°i* is a standard k = —1 Robert- 
son Walker big-bang cosmology from the Planck time onwards. 
The curved lines connecting E and i* are world-lines of co-moving 
observers in the big-bang universe. This big-bang universe has 
Q <1 and expands forever, the fact that the curved lines coverage 
at i is an artefact of the conformal mapping. There is an event 
horizon H. Observers in the Robertson—Walker big-bang 
cosmology never see any photons from events inside the region 
Fi°B. At E’. another k =—1 universe is created which is entirely 
disjoint from the E universe. Note, 7(A) =2 tan” ‘[exp (71/7,)], 
see text. 


the space-time curvature of de Sitter space itself. For example, 
classically, a massless conformally invariant scalar field ¢ is 
traceless (P = p/3). However, DeWitt’? has shown that in de 
Sitter space with radius ro, quantum mechanical effects in the 
one-loop approximation produce for this field a renormalized 
(Trenuv) = —Zur/96077r6 which is de Sitter invariant and has 
P=—9. If (T,en,,) is to be the source term producing the de Sitter 
solution then (Tienu,)=—38,./877, SO ro = (3607)! and p= 
135 for the self consistent false vacuum state. This density is just 
a factor of 2 larger than we would obtain from setting pPobs = 
Puaw With N(T)=1 for a single scalar field (compare with 
equation (9)). Trace anomalies become significant when the 
radius of curvature becomes comparable with the wavelength of 
the thermal radiation (at the Planck epoch). De Witt’s work 
supports the contention that a self consistent de Sitter false 
vacuum occurs at an epoch when puaw ~ Pours ~ O(1) and T ~ 
0(1)~10'° GeV rather than at 10'*’°GeV as proposed by 
Guthë. There is another reason for equating fob; = Puaw Which is 
independent of whether or not the Hawking radiation contri- 
butes to the de Sitter T,,,. If the de Sitter false vacuum decays, 
dumping its energy density pə», in the form of thermal radiation 
there will be no instantaneous change in temperature across the 
phase transition if Po»s = Puaw- Such a phase transition (see Fig. 
1) leads to formation of an observer-independent event horizon 
(boundary of the past of 4°). As in the black hole case we expect 
this to lead to observer-independent Hawking radiation. Setting 
Pos = Puaw ensures a smooth transition from the observer- 
dependent Hawking radiation to the observer-independent 
(P = p/3) Hawking radiation. 


Thus, To, A and p are all of the order of unity in Planck units. 

The BES model with A = 5407/N (To) is now transplanted 
into this space. Pick an event E in the de Sitter space and choose 
coordinates so that n (E) = 7/2, y(£)=0(W=nr, V=X=Y= 
Z =0). Adopt coordinates (7, xy’, 6, d): W =r. cosh (7/7ro), 
V =r sinh (T/ro) cosh x’, X = rosinh (r/ro) sinh xy’ cos 6, Y= 
ro sinh (7/ro) sinh x’ sin @ cos ¢, z = ro sinh (7/ro) sinh y’ sin 0 
sin @; then the metric for the future of E, (W > rẹ» V>0) 7r>0 
is that of equation (1) with a(r)=7, sinh (7/7,) and 7, = ro = 
(3/à)". This is a k = —1 cosmology. This is equivalent to the 
BES solution particle production phase and the need for the 
transition period 0< r < r is eliminated. The de Sitter metric 
applies then for 0<7r<7,. As in the BES theory we require 
that the particle creation halts by the epoch 7,, causing a 
transition in the equation of state from P=—p to P=p/3 in 
the Robertson—Walker frame. At 7, each observer with world- 
line y’, 6, @=constant sees Hawking radiation with T ~ 
[45/aN(T)]”. After 71, P=p/3 with the Hawking radiation 
observed at 7, providing the observed energy density and 
redshifting in the usual way. Equation (7) gives To ~0(1). The 
BES model requires that the created particles in the de Sitter 
phase have m ~0(1) and these particles will be produced in a 
thermal distribution only if To ~ 0(1). l 

If currently Qo ~0.1, Ho~ 50 km s~ Mpc™t, T =2.7 K, and 
N(Tə)~10°, the standard big bang model implies Q~ 1- 
2.5X10°°° at the epoch when p is that given by equation (9). 
This nearness of the initial Q to unity is the Guth® flatness 
problem. Now for 0<7r<7,, (=82/3H*=82pa’7/3a7= 
1—[cosh (7/7, )]-* so if 7; ~69 7, we have approximately the 
correct initial value of Q for the big bang phase. Let No be the 
number of particles in a volume a” in present Universe: No~ 
6 x 10°’. The number density of particles in the de Sitter phase is 
roughly’ nı ~ 1.2N'(To)T 2/77 ~ 0.66 where N'(To) ~ 107 is the 
number of spin states (x3/4 for fermions) (compare with equa- 
tion 7). If the number of decay products per particle present at 7; 
is of the order of unity the model predicts No ~ 0.66 a°(r1) = 
0.66 +> sinh? (7,/7,) which gives the correct order of magnitude 
for 7,;~697,. With this value of 7; we get reasonable initial 
values for both Q, and Np (details will be presented elsewhere). 
This result shows that the work of Guth® on 0, and BES* on No 
as the result of an exponential expansion phase can be 
combined. | 

One expects non-conformally invariant massive fields to be 
present (as in the BES model) in which case the de Sitter 
exponential expansion will cause particle creation. Adler’ has 
formulated a model in which the cosmological constant A is fixed 
by the particle physics at early times and leads to a de Sitter 
phase. The resulting particle creation acts back on A lowering it 
to zero. This eventually stops the particle creation at r~7, 
leading to a standard big bang phase. The Adler” model gives a 
specific mechanism for a slow phase transition at 7, and is 
functionally equivalent to the late stages of BES model. 

A Penrose diagram of the entire spacetime is shown in Fig. 1 
and represents a mapping onto S*xR. The dashed lines 
represent coordinate singularities at y=0 and y=~7. The 
original de Sitter space would be plotted in the square 0< y <7, 
O0<n<r. The event E is shown. The region 0<7r<7, Is 
mapped into the triangular region EAi°. The Robertson- 
Walker phase 7 >7;.is mapped into Aiti’. At late epochs this 
looks like a standard k =—1 open cosmological model. The 
co-moving timelike world-lines of particles in our Universe are 
indicated by curved lines connecting E and i*. The region 
DEAi°FC has the metric of de Sitter space. The causal past of 
each event in this region includes only unperturbed de Sitter 
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space, therefore each observer in this region sees Hawking 
radiation with temperature T ~ 0(1). The spacetime has a clas- 
sical event horizon (boundary of the past of future null infinity 
J*) indicated by the heavy diagonal line H. The horizon ori- 
ginates at the event F and increases in area until its area is 
infinite at i°. This would indicate an infinite entropy’* and that 
an infinite amount of information is lost about what happens 
beyond the horizon. The existence of an event horizon means 
that there is a region (in this case i°BF') of which we can never 
have any knowledge. Figure 1 shows how an event E’ in this 
region can produce another k = ~1 universe like our own but 
entirely disjoint from it. The E’ universe also has an event 
horizon and our Universe lies beyond it. Neither universe can 
communicate with the other in any way. In fact an infinite 
number of universes can be created all disjoint from each other. 
The original de Sitter space is mapped onto $° x R. Each uni- 
verse E; cuts out of S* a sphere of radius y;= m —n(E;). An 
infinite number of such non-intersecting spheres can be con- 
structed. The ability to make an infinite number of universes in 
the region /°BF goes with the infinite loss of information about 
this region suggested by the area of the event horizon. 
Coleman’” has shown that because the Minkowski vacuum is 
of lower density than the de Sitter vacuum, bubbles of ordinary 
Minkowski vacuum can form in a de Sitter false vacuum by 
quantum barrier penetration tunnelling. This leads to a causal 
structure exactly like that in Fig. 1 and provides a simplified case 
where we can make an exact semi-classical calculation of the 
Hawking radiation seen at late times in the future light cone of 
E. Coleman expects each bubble to have an 0(3, 1) Lorentz 
invariance about some event E. The bubble wall has a space-like 
separation g from the event E where o £ r. The material that 
would have been inside the bubble is re-located in a thin bubble 
wall so that there is energy conservation and outside the bubble 
wall the metric is that of de Sitter space; inside, the metric is 
minkowskian. The spacetime can be embedded in the five- 
dimensional space of equations 2 and 3. The wall boundary is 
given by X°+ Y°+Z?-V’?=o and W?=r2—o°. For W< 
(r —o”)'/*, equation (2) is satisfied. The inside of the bubble is 
embedded as the surface W = (rj —@’)'’’, so that inside V, X, Y, 
Z are normal Minkowski coordinates. The material in the 
bubble wall undergoes a proper acceleration g = 1/c. Inside the 
future light cone of E the metric is that of an empty k =—1 
cosmology with 0=0 and a(r)=+r. Coleman does not notice 
that his bubble formation mechanism produces an event horizon 
in the spacetime nor does he treat the resulting Hawking radia- 
tion. The causal structure is like that in Fig. 1: the bubble wall is a 
timelike hyperboloid that has a spacelike separation from E, 
Stays just outside the dotted future light cone of E and ends at 
the point ip. The positions of i*, #* and the horizon H are 
unchanged. The wall has an event horizon (boundary of its past) 
which consists of two parts, the future light cones of E and F. 
Unruh”® has shown that accelerated observers in Minkowski 
space see Rindler-Hawking photons with a temperature T = 
8/27 =1/2aa. For each timelike world-line moving with the 
wall material one can find a de Sitter static coordinate system" 
ds? = —(1~Ar’/3) dt? +dr7(1 —Ar?/3)"' + r (d8? +sin® 6 do?) 
such that the world-line is a line of constant 6, @ and r= 
(rò—e°)'?. Such an observer sees Hawking photons with 
temperature”? T =1/2rø. So the wall sees a thermal bath with 
this temperature both inside and outside and to be in thermal 
equilibrium must be at a temperature of Ta,=1/2a0. An 
observer within the future light cone of E will see thermal 
radiation from the wall with a temperature T = T,,,,0/a@ where a 
is the Robertson—Walker expansion factor. Thus T = 1/27a 
independent of the bubble size. The temperature decreases with 
a because at late epochs the observer is seeing portions of the 
wail that are receding from him more rapidly. (Details of this 
calculation will be presented elsewhere.) The only thing inside 
the future light core of E is the Hawking radiation which makes 
a k = —1 cosmology and redshifts in the usual way with Ta 1/a. 
The only thing that makes this universe different from our own is 
that 2=0 and N,~0(1). These deficiencies are due to the fact 
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that the self-gravity of the Hawking radiation has been neglec- 
ted. If the self gravity curvature effects cause the thermal 
radiation to have P~—p then its density will not decrease 
appreciably in the initial expansion phase and particle creation 
will exponentially increase No. The radiation from the walls will 
fill the hole and lead to a solution similar to the BES solution. 
The phase transition simply occurs effectively at a timelike 
separation 7, from & rather than at a spacelike separation a, the 
property of 0(3, 1) invariance of the bubble about E preserved. 
Thus we can see the formation of our Universe as a quantum 
tunnelling event; our Universe is one of the normal vacuum 
bubbles. 

The causal structure of Fig. 1 at late times occurs regardless of 
how the de Sitter phase arises. In the Guth model the universe 
begins with a singularity and a Friedmann phase (P = p/3) until 
p =p, when a de Sitter phase is reached. The de Sitter false 
vacuum decays as Coleman type bubbles form; a k = +1 Guth 
model would look much like Fig. 1 except that there would be a 
singularity at 7 ~ 0. Guth? wanted the bubbles to coalesce and 
fill space so as to eventually lead to a single Friedmann 
cosmology. He found that the bubbles would not in general fill 
the space. Press™ has tried using the Gibbons and Hawking 
radiation to remedy this. Neither of these models have classical 
event horizons (boundary of past of %*). In contrast I propose 
that each bubble produces a k =—1 cosmology and it is an 
advantage if the bubbles do not bump into each other. Guth 
cosmologies with k = +1, 0, —1 can each produce in principle an 
infinite number of disjoint k = —1 (bubble) cosmologies. Each 
will have a cosmological event horizon and if the Guth epoch p. 
occurs at the Planck epoch then all results concerning Hawking 
radiation will remain intact. 

A self-consistent bubble formation process may require that 
the entire pase of the bubble (DEi°FC) is a pure de Sitter state. If 
this is the case, an infinite number of disjoint k = —1 universes 
can be created. On the other hand bubbles may form randomly 
with a probability independent of position. For an event E to 
exist in the de Sitter phase there must not exist another event 
like E in the past light cone of E (and at a proper time at least 7, 
before E). The four-volume of this region which must be clear of 
events like £ is infinite. For there to be a finite probability of this 
occurring, the probability of randomly forming an event like E 
per unit four-volume must be infinitesimal. Several bubbles may 
form, however, because the four-volume of de Sitter space is 
infinite, If the bubbles form randomly, they may bump into each 
other. There is only a 50% chance that two randomly formed E 
and E' universes will be disjoint as shown in Fig. 1. (E cannot lie 
in the past or future light cones of E and the past and future light 
cones of F dominate the rest of the four-volume of de Sitter 
space). Such a model would make the creation of more than a 
few disjoint k =—1 universes unlikely. If the de Sitter state, 
however, is reached from singular or chaotic initial conditions as 
in the Guth model, even if the bubbles formed randomly, an 
arbitrarily large but finite number of disjoint universes could be 
created (the ratio of the four-volume of the future light cone of F 
to that of region Ei°F is infinite). 

In conclusion, k = —1 universes may be created naturally from 
a de Sitter false vacuum state. These universes will have 
cosmological event horizons and should be filled with Hawking 
radiation. 

This work was supported in part by an Albert P. Sloan 
Fellowship and by NSF grant AST76-24481. 
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Ionospheric troughs in Antarctica 
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We report here the first observations of the dynamics of both the 


mid-latitude and high-latitude troughs made by the Advanced 
Ionospheric Sounder (AIS) at Halley Station, Antarctica (76° S, 
27° W; invariant lat. 61°). This experiment is part of a major 
international project’ to study the sub-auroral ionosphere and 
its associations with the magnetosphere. Our analysis provides 
an accurate quantitative description of the latitudinal move- 
ments of these features and the first results delineating the 
orientation of the poleward edge of the mid-latitude trough. 
These results show that the AIS has a much greater potential for 
monitoring large scale ionospheric structures and for tracking 
their motions than more conventional radio wave experiments. 

The AIS? uses radio waves in the frequency range 0.1- 
30 MHz for remote sounding of the ionosphere. It provides a 
complete vector description of the ionospheric echoes obtained 
from each transmitted pulse, giving considerable advantage over 
the ionosonde. This, together with powerful online computing 
facilities, provides a very flexible tool for radiowave studies of 
the ionosphere. We concentrate on the ability of the AIS to 
locate the echoing region in range, azimuth and elevation, and 
thus to track the motions of large scale ionospheric features. The 
azimuth and elevation are determined from the spatial change of 
echo phase measured across an array of receiving antennas’, 
whilst range is determined from the echo travel time. 

The mid-latitude trough* is a major, but incompletely under- 
stood, feature of the sub-auroral ionosphere, which has very 
significant effects on radio wave propagation’. It consists of a 
circumpolar depletion of the night-time plasma concentration 
(the ‘trough minimum’) which extends over several degrees of 
latitude. It is bounded on the high latitude side by a ‘wall’ of 
ionization, the ‘poleward edge’, created primarily by soft 
(<1 keV) electron precipitation from the magnetosphere’. The 
low latitude boundary (the equatorial edge) is highly variable 
and is an extension of the mid-latitude ionosphere’. The trough 
is most pronounced at the peak of the F2 layer®, but has been 
detected up to 2,500 km (ref. 9). The mean position of the 
trough is at about 60° invariant latitude, but moves equator- 
wards through the night as a function of geomagnetic activity’’. 
It is statistically associated with the mean position of the 
plasmapause, although correspondence does not necessarily 
occur!!! 

The processes responsible for trough information and their 
relative importance have yet to be confirmed. However, a very 
complex dynamic interaction clearly occurs involving the redis- 
tribution of plasma under the action of electric fields of 
magnetospheric origin’?"* and thermospheric winds**; plasma 
production due to particle precipitation” and solar UV radia- 
tion; and plasma loss through charge exchange and recom- 
bination processes!® 





* Present address: Halley Station, Antarctica. 





Fig. 1 The ground track of the reflection from the mid-latitude 

trough observed on the magnetically active night of 22 April 1981 

in relation to the shelf ice coast line and Halley. The data come 

from tracking the poleward edge of the trough; and the numbers by 

each data point give the local times of the observations. The 

graticule represents invariant latitude and longitude at 100 km 
altitude”’. 


Halley is an ideal location for ground-based studies of the 
sub-auroral ionosphere and its associations with the magneto- 
sphere’. It is particularly well suited to studies of the mid- 
latitude trough because this is observed in the vicinity of Halley 
on most winter nights, over a wide range of geomagnetic 
activity’’. | 

The transit of the trough and its associated boundaries 
produces a characteristic signature on a sequence of ionograms 
recorded at a particular location’’”*°. Normally, echoes from 
both the trough minimum and the poleward edge can be dis- 
tinguished. The AIS allows the positions of these features 
relative to the observing point to be determined and their 
temporal evolutions to be studied. 

The full data from the current Antarctic winter will not be 
available until May 1982 when RRS Bransfield returns to the 
UK. However, we have used the local computing power pro- 
vided with the AIS to analyse data for two nights when the 
trough was observed. The study periods were selected to provide 
a contrast between magnetically quiet (9-10 April 1981, K, = 1) 
and active (22 April 1981, K, =5) conditions. 

Turning first to the magnetically active night, Fig. 1 gives the 
ground track of the reflection from the poleward edge in relation 
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Fig. 2 The temporal evolution of the mid-latitude trough (MLT) 

and high-latitude trough (HLT) observed at Halley on the night of 

22 April 1981 constructed from a combination of the AIS obser- 
vations and contemporary knowledge of trough structure. 
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Fig. 3 Comparison of the trough event of 22 April 1981 (K, = 5) 
with that on the 9-10 April 1981 (K, = 1). The positions of various 
features identified in Fig. 2 are plotted in terms of their southern 
range of the reflection point (expressed in invariant latitude) as a 
function of local time. Local magnetic midnight occurs at 01.30 LT, 


to Halley and an invariant coordinate grid*’. It was first possible 
to locate the reflection point at 19.15 LT when it was 4° of 
invariant latitude to the south. It subsequently moved to lower 
latitudes, passing over Halley at approximately 21.20 LT. 

The westward motion of the reflection point, evident in Fig. 1 
as the trough moves equatorward, is expected because of the 
geometry of the trough in Sun—Earth coordinates. However, the 
actual displacement shown is greater than would be expected 
from the published statistical relationships’ linking the invari- 
ant latitude of the trough to local time for a fixed level of 
geomagnetic activity. In fact, this deviation becomes progres- 
sively more marked as the event progresses. However, the 
location of the reflection point moves within the trough structure 
as the latter transits Halley equatorwards. Thus although firm 
conclusions cannot be drawn from this one example it will be 
worthwhile to use a larger data set to investigate the discrepancy 
and test whether a longitude term should be included in statisti- 
cal relationships. 

The echoes from the trough minimum showed no clear 
temporal evolution, suggesting that there was considerable fine 
structure within it; consequently, no single feature was consis- 
tently tracked. Following the passage of the poleward edge, a 
further trough was detected and tracked. This ‘high latitude 
trough’ ultimately passed to the north of Halley at about 
22.00 LT. 

The measured range, maximum plasma frequency and bear- 
ing information for the features have been combined with 
contemporary knowledge**'*'? of trough structure to give a 
schematic view of the event as seen from Halley. This is shown in 
Fig. 2, in which the major assumption is in the choice of the true 
height of maximum plasma frequency and consequently of the 
higher frequency iso-ionic contours. Note that in Fig. 1 there is 
an apparent tendency for the poleward edge reflection point to 
dwell in the vicinity of Halley between 20.10 and 21.30 LT. We 
interpret this as that between 19.15 and 20.10 echoes are being 
returned from the steeply sloping contours of the poleward edge 
and, although the reflection point moves slightly down in height 
as the feature approaches, the sequence represents the bulk 
movement. However, as the feature nears Halley, the reflection 
point moves relatively rapidly around the lower edge of the 
poleward edge, causing an apparent reduction in the rate of 
approach. Subsequently, as the poleward edge goes north of the 
station the echoes are from the high latitude trough minimum. 
This hypothesis is consistent with the observed variations in the 
slant ranges and matches well with structures observed by the 
Chatanika radar”, 

The patches of sporadic-F ionization (E,) indicated in Fig. 2 
are of a type normally associated with particle precipitation. The 
decrease in virtual height of the patches with local time suggests 
a hardening of the particle spectra. 


The differences in behaviour between the geomagnetically 
quiet and disturbed nights are summarized in Fig. 3 which shows 
the southern component of the range for several trough 
features plotted as a function of local time. There is a local time 
difference of 5 h between the onset of the two events, with the 
active night leading. The rate of movement on the active night is 
much greater than on the quiet one and the trough moves to 
considerably lower latitudes. These findings confirm our pre- 
vious results using more approximate techniques'*. The trough 
minimum is apparently unstructured when the magnetic activity 


-is low, and follows the behaviour of the poleward edge closely. 


Also on this occasion the mid-latitude trough appears to drift 
slowly poleward after magnetic midnight. A very well defined 
high latitude trough is observed in active conditions, but is too 
far south to be seen on the quiet night. 

We have demonstrated one of the capabilities of the AIS at 
Halley to make observations of the sub-auroral ionosphere. We 
now plan to make detailed studies of the morphology of the 
trough using this and other sensors at Halley; and then test 
contemporary theoretical ideas. 

We thank many members of BAS, and in particular the base 
personnel at Halley, for assistance. 
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The possible adverse effect of man-made chlorine compounds, 
particularly chlorofluorocarbons (CFCs), on the stratospheric 
ozone layer has been studied intensely in the past few years’, 
with assessments being based primarily on one-dimensional 
(1-D) mathematical models of atmospheric transport and 
chemistry. Two-dimensional (2-D) models now permit a more 
realistic comparison of model predictions with observational 
data over the full range of latitudinal and seasonal variations in 
many of the important atmospheric trace species**. We report 
here 2-D model calculations of the hypothetical steady state 
arising from constant CFC releases continuing indefinitely into 
the future. Latitudinal and seasonal variations in the calculated 
reduction of stratospheric ozone are discussed and contrasted 
with the calculated perturbation up to 1980. The global average 
is compared with the corresponding 1-D model. Several changes 
in the vertical structure of the ozone perturbation are found to 
result from recent revisions in chemical reaction rates. 
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The important chlorofluorocarbons FC-11 (CCI,F) and FC- 
12 (CCI.F,) had historically been released in rapidly increasing 
quantities until 1974. Since then, global production and release 
rates have declined by ~20%. These compounds are currently 
believed to have long atmospheric lifetimes (40-150 yr). For 
constant release, a ‘steady state’ would be reached within several 
hundred years. 

The 2-D model used for the present calculations has been 
described elsewhere*®. Its principal features include a chemical 
scheme as complete as that in advanced 1-D models. and a 
transport representation based on a parameterization of the 
lagrangian mean circulation”’°. The chemical reaction rate set 
used is that recommended at the joint meeting of the CODATA 
= Panel and the NASA Panel for Data Evaluation’? (March 


4981). The 1-D model results discussed below use the same rate 


set and the model described in ref. 12. 

= Model calculated species concentrations have been compared 
elsewhere’ with measurements, for most species of current 
interest. The model calculated variation of total ozone with 
latitude and season is given in Fig. 1. The qualitative features of 
the observed ozone distribution? are quite well reproduced, 
including the spring maximum and the Equator-to-pole 
gradient. In what follows changes in total ozone are referred to 
this calculated ambient distribution. 

_ The calculated change in local ozone concentrations arising 
from the release of FC-11, FC-12 and CH,CCI, up to July 1980 
is shown in Fig. 2. Except near the poles, latitudinal variations 
are small. Maximum depletion for all latitudes is near 6% at 
~42 km. A major consequence of recent revisions in chemistry 
is the local increase in ozone between 10 and 25 km from 30° N 
to 30°S, and over part of that range at other latitudes. The 
increase exceeds 1% between 18 and 22 km in the tropics. This 
net local ozone increase is associated both with increased verti- 
cal penetration of solar UV light due to ozone depletion at 
higher altitudes (the ‘self-healing effect’) and with interactions 
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Fig. 1 Latitude-time contour plots of the calculated ambient 
ozone distribution, in Dobson units. Positive latitudes are North. 
1 January corresponds to month 0.0. 
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Fig. 2 Calculated latitude-altitude cross-section of percentage 

ozone decrease up to July 1980 arising from historical releases of 

FC-11, FC-12 and methy! chloroform. Striped region corresponds 
to ozone increase. 


of chlorine species with HO, and NO,, reducing the efficiency of 
natural odd oxygen recombination cycles. 

The calculated latitude-season cross-section of percentage 
total ozone column depletion for 1980 is shown in Fig. 3a. In 
contrast to the calculations of Pyle and Derwent* made with 
earlier chemical rate recommendations, the annual mean 
depletion is nearly constant with latitude at ~0.9%. Calculated - 
depletion in the region 30° N-30° S remains in the range 0.90 £- 
0.15% throughout the year, whereas the calculated ozone 
change in polar regions is twice as large (~1.2%) during local 
winter as in summer (~0.6% ). The reduction in polar depletion 
relative to that in the tropics since the work by Pyle and 
Derwent‘ arises primarily from an increase in the recommended 
rate constants for reactions (1) and (2). 


OH + HNO; > H,O + NO, (1) 


These reactions serve as sinks for OH and are expected to be 
most important where calculated local HNO, and HNO, 
concentrations are large, that is at higher latitudes, especially in 
winter. Reduced OH slows conversion of HCI to Cl by reaction 
(2), and thereby increases the effectiveness of HCI as.a sink for 
chlorine. : 


OH+HCI+H,0+C1 — 8) 


In absolute terms, the calculated change in column ozone‘up to 
1980 is between 2 and 3 Dobson units throughout midlatitude 





Table 1 Calculated atmospheric changes due to constant CFC release- y 
initial to steady state i NRE” Ae 





g 2-D model eee 
S°N 30°N 65°N mean model ~ 
— AO; (column) 6.1 60 6.5 6.2 agea 
(%) | 
ACIX (at 50 km) 73 8.4 
(ppb) 
|A03/ACIX) 0.87 0.84 
(% /p.p.b.) 
AUV (DNA 16.5 16.2 15.8 16.2 26 ms 2 
weighted) 
(%) 
|AUV/AO3| 2.6 2.8 
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Fig.3 a, Latitude~season contours of percentage ozone depletion up to 1980 relative to the ambient atmosphere based on historical releases of 
FC-11, FC-12 and methyl chloroform. b, Latitude-season contour plot of calculated steady-state percentage ozone depletion due to continued 
release of FC-11 and FC-12 at mid-1970s release rates. 


regions and polar summer, and increases to more than 4 Dobson 
units during the ozone maximum in polar winter. 

Pyle and Derwent’ noted the expense of calculating a time- 
dependent approach to steady-state CFC perturbations with a 
2-D model. For the present calculations, a method of rapid 
convergence has been developed which allows an accurate, 
economical calculation of the steady-state results. The method 
takes advantage of the slow transport and photolysis of CFCs 
and relatively fast subsequent photochemistry, by alternating 
long time-dependent runs retaining CFCs as the only active 
species (~300 yr of problem time) with short runs in which all 
species are active. 

Assuming the continued release of FC-11 and FC-12 at rates 
characteristic of the mid-1970s (340 x 10° and 410 x 10° tonnes 
yr ', respectively), the calculated global average column ozone 
depletion at steady state is 6.2%, with a CIX increase at ~50 km 
of 7.2 p.p.b. (parts per 10°) over the unperturbed atmosphere. 
This is compared in Table 1 with the corresponding values of 
7.0% and 8.4 p.p.b. obtained with the 1-D model using identical 
chemistry. Note that AO,(%)/ ACIX(p.p.b.) is quite similar in 
the two models, so that the difference in calculated ozone 
depletion may be partly due to different effective rates of vertical 
transport in the two models. The 1-D model also neglects the 
latitudinal covariance between fluorocarbon concentration and 
photolysis rate, both of which reach maxima near the Equator, 
so it underestimates the rate of CFC destruction in the lower 
Stratosphere. The neglect of the latitudinal covariance by the 
1-D model thus contributes to a longer lifetime for CFCs and 
more CIX at high altitudes in the steady state. 


Figure 3b shows the steady-state 2-D calculations of the 
seasonal and latitudinal variations in column ozone. The cal- 
culated depletion for latitudes from 30°N to 30°S varies by 
<1% for all seasons. The largest ozone change (~8%) occurs in 
the polar winter, at the time of the ozone maximum. Seasonal 
variations of nearly a factor of two persist near the poles. 

Several interesting features are evident when Fig. 3a (for 
1980) is compared with Fig. 3b (for the steady state). By 1980, 
the CFCs had not yet reached steady state in the atmosphere. 
They are more heavily concentrated near their Northern 
Hemisphere, ground-level sources. As the upward transport of 
tropospheric trace species is most rapid in the tropics, the CFC 
and the reactive Cl concentrations in the tropical stratosphere 
for 1980 are enhanced. This leads to a larger calculated ozone 
depletion near the Equator (~1.0%) than at higher latitudes 
(~0.8%). In the steady state, once the CFCs have had time to be 
transported more effectively to the polar regions, this latitudinal 
effect is reduced and the vearly-averaged ozone depletion 
remains essentially constant (~6.2%) for all latitudes. Also note 
a slight hemispheric asymmetry for 1980 (as shown in Fig. 3a), 
with the ozone depletion in the Northern Hemisphere being 
slightly higher. The almost perfect north-south symmetry in the 
steady state (Fig. 3) is due to the input transport data base, 
which is symmetric about the Equator except for a 6-month 
seasonal time lag. 

An important characteristic of the calculated ozone change is 
its rate of increase with time. Consistent with the effectively 
shorter lifetime for CFCs in the 2-D model, the calculated 
global-mean present day (1980) depletion (0.89% ) exceeds that 
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from the corresponding 1-D model (0.50% ). However, both are 
small compared with calculations made over the past few 
years’ “| The currently calculated rate of change in global ozone 
is between —0.05 and —0.09% yr’, beginning in about 1970. 
This is, of course, for CFCs alone. Effects of opposite sign arising 
from the CO, increase and jet aircraft exhausts result in a 
combined effect on total ozone which is not sigpineantly 
different from zero in recent 1-D model calculations'* 

The use of 2-D models to calculate potential ozone pertur- 
bations due to chemical releases of manmade origin provides a 
more detailed simulation of the real atmosphere than is possible 
with 1-D models. Various statistical techniques have been 
applied'™™® to the analysis of ground-based ozone measure- 
ments made over the past 20 or more years in an attempt to 
detect trends suggested by 1-D models. Use of 2-D models 
allows the trend appropriate to a latitude region to be calculated, 
and information on changes in the seasonal variations as well as 
long-term trends can be used in the analysis. As noted above 
(Fig. 3a), the latitudinal variation in the present calculations of 
annual average ozone depletion is small, but the magnitude of 
the seasonal component increases towards the poles. 
Incorporating this additional information into analyses of ozone 
measurements may permit a better identification of any ob- 
served trend. 

Accompanying a decrease in the amount of atmospheric 
ozone is an increase in the UV radiation reaching the Earth’s 
surface. We have selected for a UV weighting function the 
action spectrum for DNA damage’”’, which is one of the most 
sensitive to ozone changes. In general, changes in UV reaching 
the ground follow the total ozone column. In the steady state, for 
example, the yearly-averaged DNA-weighted UV dose is cal- 
culated to increase by 16%, essentially independent of latitude 
(Table 1). The largest percentage change occurs during the polar 
winter when the UV dose is smallest. The 2-D model gives an 
‘amplification factor’, AUV/AO,=2.6, while in the cor- 
responding 1-D model this factor is 10% larger (2.8). ieee 
calculations. performed with previous chemical rate sets’, 
do not find a large variation of this amplification factor with 
latitude. 

In the real atmosphere, more is changing than just the CFC 
concentrations. Prime examples are the CO, concentration, 
NO, arising from conventional jet exhausts, and N,O arising 
from the application of manmade fertilizers. While it is 
important to study the potential CFC effect in isolation as we 
have done here, 2-D models are approaching a degree of 
refinement where the estimation of multiple perturbations may 
become feasible. This type of investigation will be reported 
later. 
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Electromagnetic jet-propulsion 
in the direction of current flow 
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Two simple experiments are reported here which demonstrate 
jet-propulsion in the direction of current flow between liquid 
and solid conductors. The observed effects seem to conform with 
Ampere’s force-law, but no qualitative nor quantitative 
explanation has so far been found in terms of lorentzian forces 
and associated magnetohydrodynamics (MHD) phenomena. 
This research forms part of a wider investigation of the Ampere- 
Neumann electrodynamics and its relationship to modern 
science and technology. 

In a classical experiment (Fig. 1) Ampere’ claimed to have 
shown that, in addition to transverse forces on the conductor, 
the electric current creates repulsion between adjacent current- 
elements on the same straight line. He incorporated both trans- 
verse and longitudinal forces in his force-law (equation (1)). The 
longitudinal forces should place wires in tension and create 
relative motion between liquid and solid portions of a circuit, In 
Ampere’s experiment the insulated or bare copper hairpin.cdefg 
of Fig. 1, floating on two liquid mercury troughs ab and a'b’, will 
move towards bb’ when sufficient current flows in and out of 
terminals t and f’ connected with copper bars to the a and a’ 
ends of the troughs. A transverse lorentzian force acts on the 
upturned hairpin bend e, but this should have its reaction force 
in the legs cd and fg of the hairpin, because the legs contain the 
source of the magnetic field at e. With action and reaction in the 
same rigid body, the Lorentz force at e should not be able to 
produce relative motion between hairpin and mercury. This 
point relating to Newton’s third law has been argued strongly 
elsewhere?” 
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Ampere did not mention that close to c and g liquid mercury 
moves relative to the trough walls and away from the ends of the 
hairpin. This motion confirms longitudinal propulsion, 
independent of any recourse to Newton’s third law. The obser- 
vation of this motion and the discovery of another longitudinal 
propulsion effect is now reported. While repeating Ampere’s 
experiment, but mechanically blocking the forward motion of 
the hairpin, it was found that a wake formed in the liquid as 
though jets were mounted on the ends of the hairpin. A depres- 
sion was detected in the liquid level close to c and g. When the 
hairpin ends were placed near to a and a’, liquid would well up 
on the copper walls and could be made to overflow. Short pieces 
of copper and stainless-steel wire laid on the mercury next to the 
hairpin ends were pushed away from c and g. Finally, a thin 
dielectric rod driven into the mercury near c or g and pivoted 
vertically above the point of immersion moved towards a or a’. 
These experimental facts leave little doubt that the longitudinal 
propulsion forces suggested by Ampere do exist. In showing that 
the net force of all amperian components on a rectangular circuit 
is zero, Cleveland? proved that longitudinal forces are of the 
same order of magnitude as transverse forces. 

While trying to modify Neumann’s® demonstration of longi- 
tudinal forces, I discovered another, even more remarkable 
propulsion arrangement. Figure 2 gives the details of this 
experiment. A copper ‘submarine’ consisting of a short piece of 
straight wire, squared off at one end and pointed at the other, has 
to be placed on the surface of a straight-through mercury trough 
conductor, When current is forced to flow along the trough, the 
transverse forces submerge the wire and longitudinal forces 
drive it along the centre of the trough until it strikes the solid 
copper bar. The wire travels with its blunt end forward. Its 
velocity is apparent from the bow wave on the liquid surface. 
The direction of travel does not depend on the direction of 
current flow and the experiment works equally well with 60-Hz 
alternating current. 


Fig. 3 Two-filament cop- 
per wishbone in liquid 
mercury bath. 
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Fig. 2 Copper submarine experi- 
ment. Mercury trough length = 30 
cm; cross-section 0.50.5 inch. 
Copper extension of troughs 30 cm 


CURRENT : 
eae long, 0.50.5 inch cross-section. 
I Remote return circuit. J = 400 A. 


Copper submarine; 5 cm long, 3 
mm diameter, 1 cm long taper. v, = 
15 cems™}, 


Figure 3 explains the amperian submarine propulsion 
mechanism. This simplified representation shows a wishbone 
made of two solid current filaments immersed in liquid metal. 
Only two sets of four current-elements are considered. One set 
is a, b, c and d located in the ends of the wishbone filaments. The 
other four, A, B, C and D are adjacent in-line elements in the 
liquid. The Ampere force AF,,,, in dyn between two current- 
elements at points m and n of lengths dm and dn and separated 
by the distance rmn is given by 


AF nn = ~imin(dm :dn/ri,,,)(2 cos e —3 cosa cosg) (1) 


where / „ and i, are the element currents in absolute ampere, £ is 
the angle of inclination between the elements, and a and B are 
the angles which the elements make with the distance vector Pin 
When the force is positive it represents repulsion and when 
negative it represents attraction. Using this law to compute the 
repulsion between solid and liquid elements at one end of the 
wishbone and then at the other, it can easily be shown that the 
solid object is being pushed relative to the liquid in the direction 
of the velocity v, indicated on Fig. 3. According to Ampere’s 
law, therefore, it is the current concentration in the pointed end 
of the wire which is responsible for the propulsion of the copper 
submarine of Fig. 2. 

So far the longitudinal propulsion mechanism has not been 
explained in terms of relativistic field theory and associated 
MHD effects. In view of the widespread acceptance of Ampere’s 
force law during the nineteenth century and its implications with 
regard to solid-state physics and MHD technology, I urge others 
to repeat these simple experiments and comment on their 
observations. 

This research was sponsored by NSF. 
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Photoelectrolysis of water by means of semiconductor photo- 
electrochemical cells has attracted much attention from the 
point of view of solar energy conversion’. Metal oxides such as 
TiO,, WO, or Fe,O, act as stable photoanodes, but they need 
an external bias for the photodecomposition of water to 
compensate for their too low surface band energies. We report 
here that water can be photodecomposed effectively without 
external bias by using a semiconductor/redox electrolyte/semi- 
conductor junction (SES) as the photoanode. 

The structure of the SES is indicated in Fig. 1. It consists of 
single crystal wafers of n-CdS and n-TiO, (0.3-0.7 mm thick) 
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separated by ~0.2 mm by an aqueous solution containing 1M 
NaOH, 1M Na,S and 1.5 gram atom 1“ S which dissolves in a 
concentrated sulphide solution. The inside wall of TiO, is coated 
with palladium (<5 nm thick) by vacuum evaporation to medi- 
ate electron transfer between n-TiO, and the sulphide—poly- 
sulphide couples. 

As shown in Fig. 2, the onset potential of the anodic photo- 
current of the SES electrode in a 1.0 M NaOH aqueous solution 
lies much more negative than that of an n-TiO, electrode. It is 
~0.5 V more negative than the onset potential of dark cathodic 
current in a platinum electrode (Fig. 2). This means that water 
can be photodecomposed efficiently by a photocell equipped 
with a SES photoanode, a platinum counter electrode and a 
1.0 M NaOH aqueous solution. Such a photocell showed steady 
photocurrent of ~2 mA cm’ for more than 1 h under illumina- 
tion with a 250-W mercury lamp. Considerable gas evolution 
was observed at both electrodes. The current was generated by 
illumination with polychromatic light containing the 
wavelengths 300-520 nm. The current was also generated with 
two monochromatic light beams, one in the range <410 nm and 
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Fig. 1 Schematic diagram of an n-CdS-S,” /S”~ solution-n- 
TiO, junction (SES) electrode. 


the other in the range 450-520 nm, but not with either of them 
alone. These results suggest that the current flows only if both 
n-TiO, and n-CdS are excited. The light in the range of 410- 
450 nm seems to be absorbed mostly by the sulphide—poly- 
sulphide solution. 

The above results can be explained by an energy level diagram 
for the photocell (Fig. 3), drawn on the basis of the reported 
flat-band potentials®’. It is known that n-CdS is stable in a 
solution of the sulphide—polysulphide couple*®. Because the 
inner sulphide-polysulphide solution and the solution outside 
the SES electrode have nearly the same pH (~14), the energies 
of the conduction band edges of n-TiO, in the dark at both inner 
and outer surfaces must be equal. However, the accumulation of 
positive charges in the sulphide—polysulphide solution by 
injection of holes from the n-CdS under illumination will press 
down the conduction band energy at the inner surface of n-TiO2. 
A stationary state will be attained by balancing the hole 
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Fig. 2 Current—potential curves for the SES (——) and n-TiO2 

(---) electrodes under illumination and that for a platinum elec- 

trode (--:) in a 1.0M NaOH aqueous solution. Illumination 

intensity for the n-TiO, electrode is about one-eighth of that for 
the SES. 
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Fig.3 An energy level diagram for a photocell made of SES and 
Pt electrodes. 


injection from n-CdS with the electron injection from n-TiO,. 
The electrons are excited twice in the SES, reaching a level high 
enough to reduce water at the counter platinum electrode. 

The present SES electrode uses n-TiO, which is sensitive to 
the UV light only. A semiconductor with a narrower bandgap is 
more desirable for the efficient utilization of solar energy. With 
such a material the SES electrodes can in principle utilize solar 
energy of wide spectral range effectively, the shorter wavelength 
part by the front semiconductor and the longer wavelength part 
by the rear one. Photoelectrodes with solid n-n (ref. 8) or n-p-n 
(ref. 9) heterojunctions have been reported to have the same 
function. Note that the construction of a SES electrode has the 
advantage that the two semiconductors are prepared separately 
at their best conditions before they are combined. 
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Thermoluminescence dating of 
sand dunes in Rajasthan, India 


A. K. Singhvi, Y. P. Sharma* & D. P. Agrawal 


Physical Research Laboratory, Ahmedabad 380009, India 


We report here a new application of thermoluminescence (TL) 
for dating sand dunes. This application assumes that exposure to 
sunlight causes bleaching of the geological TL of a sediment to a 
residual value and that TL accumulation starts again when the 
sediment is buried under fresh deposit and is thus shielded from 
the Sun. Although the TL method has been applied to loess*” 
and ocean sediments”, the application of this technique to sand 
dunes provides the first reliable dating control for dune 
dynamics, palaeoclimatology and spread of deserts. 

Samples were collected from the stabilized sand dunes that 
had archaeological association, so that an independent dating 
control on the TL dates obtained was available. The location of 
the dunes are: (1) Langhnaj (23°29’ N, 72°26’ E); (2) Amarpura 
(27°23' N, 74°37' E); and (3) Bagor (25°21' N, 74°23’ E), all in 
Rajasthan. The fine grain technique” was used for the TL 
analysis. Grains 1-8 um in size were extracted after pretreat- 
ment of the sample with 1M HCl to remove the carbonate 
fraction which could be post-depositional. The apparatus has 
been described elsewhere®. Glow curves were recorded in an 
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Fig. 1 TL glow curve for a typical sand dune sample: a, natural 

TL; b, natural TL+6h æ irradiation; c, natural +10.5 krad 8 

exposure; d, natural + 1,000-min sunlamp bleach; e, natural + 
1,000-min sunlamp bleach + 3.5 krad 8 exposure. 


ambient atmosphere of ultra-pure nitrogen (51 min™’) at a 
heating rate of 5 °C s-*. Photon counting was used and the optics 
channel comprised a EMI 9635QA photomultiplier tube cou- 
pled with Chance Pilkington HA3 and Corning 7-59 + 5-58 blue 
filters. 8 irradiations were carried out using “’Sr/°’Y B plaque 
and æ irradiations were made in vacuum using **'Am foils. A 
300 W ultra vitalux ‘WOTAN’ sunlamp’, kept 30 cm from the 
samples, was used. 

Although sunlamps are richer in UV than sunlight, we 
consider that adverse effects would be small and would not upset 
any of the present conclusions. Typical natural, 8B, a and post- 
sunlamp exposure glow curves are given in Fig. 1. Thick source 
ZnS(Ag) counting was used to estimate the uranium and 
thorium series a activity, and y spectrometry was used to 
estimate potassium. The dose rate was estimated assuming the 
equilibrium of 7°°U and ***Th series. No wetness correction was 
considered necessary as the average water content in stabilized 
sand dunes does not exceed 1-2% (ref. 8). Typical component 
dose rates are a dose (U, Th) ~ 40-45%, B dose (U, Th) ~ 10- 
20%, B dose (K) ~ 10-20%, y dose (U, Th) ~ 15-20%, y dose 
(K)~ 5%. Cosmic-ray dose rate was taken to be 15 mrad yr7' 
for all the samples. All the samples were checked for anomalous 
fading for a storage period of 14 days. No loss of signal was seen 
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within experimental reproducibility limits of ~5%. In addition, 
TL-S-7 showed no loss of signal for a storage period of 57 days. 
As a further precaution, all the sample disks were read only 15 
days after an irradiation. 

The observed TL (La) in the sample comprises*: (1) the 
unbleachable TL that was already present in the sample at the 
time of deposition (Jo); and (2) the TL acquired by the sample 
since deposition as a buried sediment (fa) 


Ina = To + Ia 
or equivalently 
D(a) = Do) + DU) 


where D(J) refers to the equivalent 8 radiation dose required to 
give TL of intensity 7. D{Ia) divided by the appropriate dose rate 
gives the date of depositional event. Thus the estimation of J, 
requires determination of Z) and Ina. A clue to the estimation of 
I, is provided by Fig. 2, which gives the bleaching behaviour of 
two samples with Sun/sunlamp exposures. The bleaching curve 
quickly approaches an asymptotic value indicating that TL 
cannot be bleached beyond a finite residual value by any length 
of Sun/sunlamp exposure. Taking this residual TL level to 
represent J) and expressing it as a fraction R of Ina we have: 


Iy = Ria 
or 
D(Iq) = (~ R)D nat) 


In the above, D(J,..) can be determined by the additive 8 dose 
procedure’, which implicitly assumes a linearity of the TL 
growth curve. However, in view of the low equivalent doses, we 
consider that the assumption of a linear growth applies for the 
samples reported here. R was estimated from the residual TL 
level after a prolonged (1,000-min) sunlamp bleach. The 1,000- 
min exposure was considered to be long enough to approach the 
asymptotic value (Fig. 2). Indeed, for samples TL-S-9 and 
TL-S-14, for example, the residual TL after a 250-h Sun 
exposure was within 20% of the values obtained after a 1,000- 
min sunlamp bleach. Thus this estimation of D(J,) is not only 
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Fig. 2 Effect of Sun/sunlamp exposure on TL. The glow curve 
temperature is 320 °C, R corresponding to a 1,000-min sunlamp is 
aiso indicated. 





Table 1 Thermoluminescence data and age estimates for sand dune samples“ 
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Piateau 
Depth region DUT nar) 
Sample no. Site - (em) @C) (rad) 

PRL: TL:S-9 Amarpura 25 300-380 5,885 
PRL:TL:S-8 Amarpura 70 300-360 10,330 
PRL: TL:S-7 Amarpura 110 300-380 16,860 
PRL:TL:S-12 Langhnaj 80 300-360 4,070 
PRL:TL:S-11 Langhnaj 160 320-400 4,820 
PRL:TL:S-10  Langhnaj 240 300-360 9,610 
PRL:TL:S-13 Bagor 50 300-380 3,400 
PRL:TL:S-14 Bagor 80 


300-380 4,890 


D(Iq) Dose rate Age 
R (rad) a (rad yr™') (yr) Comments 
0.23 4,530 0.16 0.756 6,140 
0.20 8,265 0.14 0.586 14,610 
0.21 13,320 0.13 0.846 16,190 
0.29 2,890 0.14 0.544 5,180 
0.37 3,040 0.15 0.361 8,630 3,990+ 1107 
0,32 6,535 0,17 0.332 20,280 
0.29 2,420 0.12 1:172 2,100 2,060 + 2104 
0.27 3,570 0.12 1.070 3,420 3,945 + 908 
4585+ 105] 





* All the estimates are in yr BP and refer to 1980 as the base year. 


t TF-744, radiocarbon date on bone carbonate of associated bone fragments. 


+ PRL-TL-42, TL date on in situ pottery. 


§ TF-1005 and TF-1006, radiocarbon date on charred bone, depth 73-78 cm. 


|| TF-1009, radiocarbon date on charred bone, depth 89-98 cm. 
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Fig. 3 a, Plots of D(Ia) against glow curve temperature. O, 
TL-S-8; A, TL-S-10; O, TL-S-13. b, Plots of R against glow curve 
temperature. Same symbols as in a. 


simple, but has the advantage of circumventing any error due to 
sensitivity changes following a sunlamp exposure. The method 
therefore avoids any 6 exposure that is post-sunlamp bleach‘. 

Table 1 summarizes the experimental data and Fig. 3 shows, 
for three of the samples, the dependence of D (Ia) and R on the 
glow curve temperature. In most cases a good plateau (~80 °C) 
began at ~300 °C, as shown in Table 1. Because a glow curve is 
generally a composite of many glow peaks, the æ efficiency (a), 
Dna), D(a) and R, were all estimated at regular intervals 
(10 °C) on the glow curves, and an age was estimated for each 
glow curve temperature. The estimates presented in Table 1 
refer to a particular glow curve temperature (340°C) and the 
final date is an average over the region where D (Ia) showed a 
plateau. 

A plateau behaviour of D (Ia) in these samples also implies an 
age plateau as the a efficiency remains practically constant (a 
change of <10%) over the plateau region. Typical experimental 
errors are estimated to be 15%. 

Note that the equivalent doses corresponding to both Ina and 
Ia are only a few krads, indicating that the TL in the sample 
reflects a recent depositional event and not a geological dose. 
Also in all the cases the TL ages increase with depth; the average 
sand accretion rates are different for different periods; and the 
accretion rates are very small, suggesting a gradual buildup of 
dunes. Multiple exposures, in view of a very easy TL bleachabil- 
ity and very intense Sun exposures available in desert regimes, 
should not cause any significant errors in the estimates (dates) 
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arrived at using TL. After all, only the last Sun-bleaching event 
is being dated. 

In the Bagor sequence, the TL date of ~2,100 BP on S-13 
agrees well with the TL date of ~2,060 +210 yr BP on in situ 
pottery (PRL: TL: 42). The TL date of ~3,420 yr BP-on S-14 
also agrees reasonably well with the radiocarbon dates of 
3,945+90 and 4,585+105 yr BP on adjacent coeval stratum. 
For S-11 a radiocarbon date of 3,990+ 100 yr BP for the asso- 
ciated bone (on carbonate) and the TL date of ~8,630 yr BP for 
dune sand from the same stratum seems sensible in view of the 
possible contamination of bone carbonate by modern carbon. 

The agreement between these results confirms the appli- 
cability of the TL method in dating sand-dune deposits. The 
results also indicate that the formula used for estimation of 
D(Ia), although simple, does provide sensible estimates. 

We thank Professors M. J. Aitken, D. Lal and R. M. Walker 
for help and discussions, Drs V. N. Misra, S. N. Rajaguru and 
R. J. Wasson for samples and discussion. Y.P.S. acknowledges 
the grant of a fellowship by the Indian Department of Science 
and Technology. 
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Australian-Antarctic depression 
from the mid-ocean 
ridge to adjacent continents 


J. J. Veevers 


Australian Plate Research Group, School of Earth Sciences, 
Macquarie University, North Ryde, New South Wales 2113, 
Australia 


A morphotectonic depression, some 15 x 10° km? in area and 
centred on the Australia—Antarctic discordance’, extends across 
the southern half of Australia through the south-east Indian 
Ocean to Wilkes Land in Antarctica (Fig. 1a, b). The depression 
is co-extensive with a negative satellite free-air gravity anomaly” 
which suggests that the region is underlain by downward con- 
vecting asthenosphere. Here I outline the depression and 
explore its age. In a pre-breakup (>55 Myr) reconstruction 
(Fig. 1c), the Eastern Highlands of Australia and the Trans- 
antarctic Mountains are colinear; because the Eastern 
Highlands were notably high during the late Cretaceous, and 
shared with the Transantarctic Mountains a history of volcanism 
in the Jurassic, both highlands probably constituted the eastern 
flank of the past depression, in the centre of which thick (>8 km) 
late Cretaceous sediment in the Ceduna Saddle’, and a possible 
mirror-image in offshore Antarctica, mark its depocentre. A 
broad area of late Carboniferous marine sediments in southern 
Australia* may represent the earliest sign of the depression. 
The modern morphology of southern Australia and the 
opposite part of Antarctica (Fig. 1a) is dominated by a sinuous 
depression. A median morphological axis may be drawn through 
Lake Eyre (12m below sea level) across the Australian- 
Antarctic discordance, where the south-east Indian Ocean 
Ridge (SEIR) has an anomalously low depth of 3.4 km, 1 km 
deeper than expected’, to Adelie Land. Two parallel subsidiary 
axes can be defined: one from the Nullarbor Plain through the 
ocean to the Budd Coast and thence across an area of poorly- 
known sub-glacial bedrock topography into the sub-ice Aurora 
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Fig. 1 a, Morphology of Australia 
(contours in km of 1°x 1° area mean 
rock altitude’'), the south-east Indian 
Ocean**, and Wilkes Land, Antarctica 
(sub-ice contours in km, < — 1 km in 
black, refs 23-25), and satellite free-air 
gravity anomalies {in mGals, ref. 2) 
shown by dotted lines. The Australian- 
Antarctic depression is outlined (solid 
line) on the east by the crest of the 
Eastern Highlands (EH), Tasmania, the 
South Tasman Rise (STR), a high point 
on the crest of the south-east Indian 
Ocean Ridge (SEIR) at long. 150° E, 
and the Transantarctic Mountains 
(TAM); on the south by the sub-ice 
Gamburtsev Mountains (GM): on the 
west by Mt Sandow (MS), a high point 
on the crest of the SEIR at long. 95° E 
inot shown), and the Great Western 
Plateau (GWP); and on the north by 
central Australia (CA) and the Mt Isa 
block (MI). The median morphological 
axis of the depression (a double line) 
extends from Lakes Eyre (LE) and 
Torrens (LT) and Spencer Gulf (SG) 
within the South Australian Highlands 
(SAH) through the SEIR discordance’ 
to Adelie Land (AL). Subsidiary 
lowland axes (broken lines) that lie on 
either side of the continental axial 
highlands extend on the west from the 
Nullarbor Plain (NP) to the Budd Coast 
(BC) and Aurora sub-ice basin (AB), 
and on the east from the Murray—Dar- 
ling Basin (MDB) to George V Land 
(GV) and the Wilkes sub-ice basin 
(WB). Ends of arcuate continental 
profiles of b shown by arrow tips. 
Lambert equal-area projection. b, 
Profiles, from top downward, of south- 
ern Australia (with the Lake Eyre axis 
projected southward), Wilkes Land 
(sub-ice bedrock surface}—the broken 
lines above show the limits of the profile 
isostatically adjusted on an ice-free basis 
according to the method of Brotchie and 
Silvester’, the crest of the south-east 


South Pole, `ò 


Nature Vol. 295 28 January 1982 


1000 kin 


; 205 
WH ~S00>~ 





Indian Ocean Ridge (SEIR) and the satellite free-air gravity anomaly’, the 7- and 29-Myr isochrons' on either flank of the SEIR, and the Australian continent—ocean 
boundary (COB). As in a, the axis is shown by a double line, subsidiary axes by broken lines, and the bounding ridges by a single line. c, Pre-breakup reconstruction 
of Australia and Antarctica (from B. D. Johnsen and J.J.V, in preparation) with suture marked by the COB (double line). Present-day outlines of Australian- 
Antarctic depression, inferred to mark the Mesozoic position, shown by a heavy line, isopachs (km) of late Cretaceous sediments'?”® by solid lines, direction of 
post-Cenomanian~late Cretaceous sediment transport?! by arrows, post-Cenomanian—late Cretaceous drainage (a modified modern drainage in Australia, 
speculative in Antarctica) shown by networks, the single in situ occurrence of Mesozoic (Aptian) sediment in East Antarctica’® by a dot, early and middle Jurassic 
(185-165 Myr) volcanic rocks™™™ by Vs, and late Carboniferous (300 Myr) shorelines* by heavy broken lines, ==- Indicates the approximate position of the 
shoreline today on an ice-free basis. Note that the Eastern Highlands of Australia and the Transantaretic Mountains are colinear in this and previous 
reconstructions*'"?, Lambert equal-area projection; grid applies to present-day Australia only. 


basin; the other from the Murray-Darling drainage basin across 
the ocean to George V Land and thence into the sub-ice Wilkes 
basin. The profiles (Fig. 1b) have a gross symmetry about the 
median axis. The continental profiles differ from those of the 
ocean in having the median axis enclosed by highlands. The 
amplitude of the Antarctic profile is much greater than that of 
the others, but without its load of 4km of ice, which has 
appeared only since the mid-Tertiary®, the Antarctic profile 
would rebound by as much as 1 km, according to the method of 
Brotchie and Silvester’, and the difference would be greatly 
reduced, although the great relief of the highlands about the axis 
would remain (broken lines in Fig. 1b). 

The correspondence of topography with the satellite free-air 
anomaly at the discordance led Weissel and Hayes! to infer 
downward convecting currents in the asthenosphere, and the 
continuation of this correspondence both to the north and south 
leads me to infer that the entire depression is held down 
dynamically. How long has the depression existed, and hence 
how long has this dynamic state applied? 

Stratigraphical®, fission-track age’, and palaeomagnetic’® 
evidence indicate that the Southeast Highlands of Australia date 
back to the mid-Cretaceous. Voluminous coarse detritus shed 
into the rift-valley system along south-west Australia during 
most of the Mesozoic, and in particular during the late Jurassic 


and early Cretaceous"', indicates late Mesozoic highlands in the 
west of Australia. Conclusive evidence of substantial relief in the 
late Cretaceous is provided by the depocentre of the Ceduna 
Saddle (Fig. ic), which contains 0.5x10°km? of post- 
Cenomanian late Cretaceous sediment, and dwarfs the adjacent 
south-east Australian basins. If this were an extra-arch basin 
that formed in a saddle between major uplifts’, all of its sedi- 
ment would be derived from north of the suture, which, being 
marked by a rifted arch, constituted a dam across the centripetal 
drainage from the highland perimeter. Seismic profiles across 
the Ceduna Plateau’* show that this sediment prograded into 
the sea towards the south. Barely any sediment lodged on the 
land, which consequently must have had higher stream gradients 
than at present. And the only known sediment of this post- 
Cenomanian-late Cretaceous age onshore is fluvial sandstone 
north-east of Lake Eyre with a southwestward direction of 
transport’. I speculate that the bulk of the sediment in the 
Ceduna Saddle came from the Eastern Highlands, and that the 
ancestral Murray-Darling drainage system crossed the site of 
the South Australian Highlands. With the subsequent uplift of 
these highlands in the Palaeocene, the Murray-Darling system 
was impeded, except perhaps for short intervals in the Eocene 
and Miocene”, and as a result Cenozoic sediment was deposited 
to form the Murray Basin’. | 
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Little direct evidence of the age of the geomorphic elements is 
available in Antarctica. The Transantarctic Mountains in the 
Scott Glacier area (S in Fig. 1a) existed 18 Myr ago", and 
Drewry’° argues for uplift in the late Eocene (~40 Myr ago) but 
their earlier history is unknown. The late Mesozoic existence of 
the eastern flank of the Australian—Antarctic Depression is 
postulated (Fig. 1c) because the terrains of the Transantarctic 
Mountains and the Eastern Highlands are linked today; were 
colinear before break-up; were the locus of Jurassic volcanism; 
and the Eastern Highlands stood high during the late 
Cretaceous. This speculation could be tested by palaeomagnetic 
and fission-track dating in Antarctica. 

The single known in situ occurrence of Cretaceous sediment’® 
in East Antarctica is Aptian and non-marine. Sediments of this 
age on the southern margin of Australia, which are also non- 
marine, in contrast to the widespread marine sediment of this 
age to the north, reflect the uplift about the suture before and 
during breakup. Symmetry with Australia‘about a presumed 
rift-valley arch? suggests a mirror-image of the Ceduna Saddle 
on offshore Antarctica, a speculation that could be tested by 
aeromagnetic and seismic surveys. Of the few published 
thicknesses of sediment off Antarctica’’, this area (at long. 
127° E) contains ~5 km of sediment, but how much of this 
predates break-up is unknown. This postulated depocentre 
presupposes feeding by an extensive drainage system; the low 
relief of the South Australian Highlands contrasts with the high 
Antarctic highlands that today rim the main axis of the depres- 
sion, so that in the late Cretaceous the Antarctic part of the 
depression might have been drained by two centripetal 
networks. As in Australia, so in Antarctica the flanks of the 
depression may have had sufficient slope to prevent any large 
accumulation of sediment outside the depocentre, and the 
shoreline, which on an ice-free basis would now lie some dis- 
tance inland, as outlined in Fig. 1c, probably lay at least as far 
north as the present coast, and sediment, as in the Ceduna 
depocentre, reached the postulated depocentre by marine pro- 
gradation. In this view, the remotely sensed sediment at the axis 
of the Wilkes sub-ice basin’® would be either Cenozoic (as in the 
Murray Basin) but pre-glacial (Palaeogene), or older than late 
Cretaceous. 

The near-restriction of the late Carboniferous sea*’” to the 
southern part of Australia, and the inferred relief at this time of 
the South Australian Highlands”° suggest that the morphology 
of the depression as it is today, with subsidiary lowland axes on 
either side of a median axis through a highland, is a repeat of that 
in the late Carboniferous. 

I conclude that the morphological depression that extends 
from southern Australia through the south-east Indian Ocean to 
Wilkes Land, Antarctica, coincides with a negative gravity 
anomaly, suggesting that the depression is determined 
tectonically by downward convection in the asthenosphere. In 
Australia, the depression can be traced back to the late 
Cretaceous through a thick pile of sediment deposited in the 
offshore Ceduna Saddle midway across the southern margin 
between flanking highlands, and possibly to the late Carbo- 
niferous through a broad area of marine sediments in the central 
and eastern parts of southern Australia. In a pre-breakup 
(>55 Myr) reconstruction of Australia and Antarctica, the 
eastern flanks of the present depression, comprising the Eastern 
Highlands of Australia and the Transantarctic Mountains, are 
colinear; they are also linked by their common history of 
widespread volcanism in the Jurassic, so that like the Eastern 
Highlands, the Transantarctic Mountains were highlands during 
the late Cretaceous. It then follows that a mirror-image of the 
Ceduna Saddle, with a thick pile of late Cretaceous sediment, 
may exist in offshore Antarctica. 

I thank P. G. Quilty and R. J. Tingey for help with references, 
J.G. Jones for valuable discussion, B. D. Johnson for comments, 
and the Australian Research Grants Committee for support. 
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Thecodontians have long been recognized as the basal stock 
from which all other archosaurs were derived, but their phy- 
logeny and classification are very confused, and the origin and 
evolution of archosaurs are consequently still poorly under- 
stood. The skull and skeletal morphology of thecodontians is 
confusingly uniform, and many palaeontologists feel that the 
ankle joint may provide a more useful clue to the phylogeny and 
classification of these groups’”. I attempt here to trace some of 
the thecodontian lineages on the basis of tarsal anatomy. The 
major structural changes from thecodontian to dinosaurs are 
most clearly visible in the pelvis and hind-limbs, associated with 
improvement of gait from the ‘sprawler’ through the ‘semi- 
improved’ to the ‘fully-improved’ condition“. As a result, the 
function of the ankle joint was modified from a simple flexible 
base for the leg to the more advanced role of a lever. For this 
reason, an understanding of thecodontian tarsi is necessary if we 
are to understand the evolution of the later archosaurs. 
Existing classifications”’ recognize four suborders within 
Thecodontia: (1) Proterosuchia, primitive quadrupeds with no 
armour, such as Proterosuchus and Erythrosuchus; (2) Aetos- 
auria, armoured, herbivorous quadrupeds, such as Stagonolepis 
and Typothorax, (3) Parasuchia, long-snouted parasuchids 
(phytosaurs); (4) Pseudosuchia, various unrelated groups such 
as ornithosuchids, sphenosuchids, rauisuchids and euparkeriids. 
Pseudosuchia constitutes the largest and most heterogeneous 
group and may be regarded as the ‘catch all’ suborder into which 
it has been customary to place all thecodontians other than the 
Proterosuchia. Although these four categories are accepted by 
most workers, opinions differ greatly concerning the 
classification and grouping of the lower ranks; many of the 
genera are known only from fragmentary and incomplete 
material, and the interrelationships among them are obscure. 
The thecodontian tarsus, where adequately known, consists of 
two large proximal elements, the astragalus and calcaneum, and — 
two smaller distal tarsals, usually identified as the third and 
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Fig. 1 Evolution of thecodontian and dinosaurian tarsi. PM, primitive mesotarsal joint, for example, Proterosuchus’; CN, crocodile-normal 

joint, for example, poposaurid (TTU 9001); CR, crocodile-reverse joint, for example, Riojasuchus, drawn from the cast MCZ 4894 (reversed); 

AM, advanced mesotarsal joint as seen in dinosaurs; AM-R, advanced mesotarsal-reverse joint, for example, Allosaurus’’: AMSN, advanced 

mesotarsal-normal joint, for example, Albertosaurus*'. All views of the tarsal structure are left anterior; arrow indicates the position of the 

socket opposite to the corresponding peg; the postures associated with corresponding ankle structures are shown in the right column’. 

Abbreviations: as, astragalus; ca, calcaneum: p.f., perforating foramen; T, tibia; F, fibula. Institutional acronyms: MCZ, Museum of 
Comparative Zoology, Harvard University; TTU, Texas Tech University. 


fourth. Primitive forms also retain free centrale and distal tarsals 
I and II. The way in which the astragalus and calcaneum 
articulate with each other and function in relation to the crus and 
pes is the major characteristic used to Classify Thecodontia. 

A survey of the thecodontian tarsi reveals that four basic types 
of ankle joint have evolved in this group of reptiles (Fig. 1): 

(1) Primitive mesotarsal (PM) joint: This is the most primitive 
ankle joint, exemplified by Proterosuchus', where the astragalus 
and calcaneum are firmly articulated with the crus, and the hinge 
of the ankle runs transversely between the proximal and distal 
rows of the tarsi. The astragalus and calcaneum articulate with 
each other by means of double convex-concave complementary 
facets, with a perforating foramen between them. Proximal to 
the foramen, a concavo~convex joint is present, with the 
concavity on the astragalus, whereas distal to the foramen the 
reverse is the case. The calcaneum has a laterally extending 
tuber. This type of joint occurs in various eosuchians and 
rhynchosaurs exhibiting a sprawling gait®. The arrangement is a 
precursor to the crocodilian pivot joint', 

Although erythrosuchid tarsi! have a perforating foramen 
between the astragalus and calcaneum similar to that seen in the 
PM joint, and could therefore be derived from this joint, poor 
ossification obscures the details of the astragalo—calcanear joint. 
Cruickshank” maintained that such a specialized ankle (highly 
abbreviated astragalus and calcaneum) indicates that eryth- 
rosuchids are a ‘dead-end line’ that could not have given rise to 
any other group. The tarsus of Erythrosuchus is best considered 
as a poorly ossified PM joint, and the reduction of ossification 
may reflect the animal’s aquatic habitat. 


(2) Crocodile-normal (CN) joint: This pivotal joint between 
astragalus and calcaneum is found in extant crocodilians’° and in 
many thecodontians''"’*, It differs structurally from the PM joint 
in that: the calcaneal tuber is extended posteriorly and the 
perforating foramen has been eliminated: the lower convexo- 
concave joint is highly elaborated so that the astragalus forms a 
peg which fits into a deep socket of the calcaneum, allowing 
rotational movement about a horizontal axis; the calcaneum has 
developed a rolling convex surface proximally for sliding on the 
fibula. Functionally the tarsus differs from the PM joint in that 
the astragalus forms part of the crus, but the calcaneum, distal 
tarsals and the combined metatarsals move as a unit on the 
astragalus and fibula. The modification of the CN joint from the 
PM joint is associated with an improvement in gait from the 
sprawler to the semi-improved condition’. The CN joint occurs 
in rauisuchids'*"!3, stagonolepidids'*"*, parasuchids'®, 
sphenosuchids'’, Gracilisuchus’* and in poposaurids. 
Parasuchian tarsi ‘° show an intermediate stage between PM and 
CN joints, where the perforating foramen is highly reduced or 
lost, the peg and socket joint are not pronounced, and the 
calcaneum has developed a rolling convex surface for sliding on 
the fibula, which indicates that some rotational movement was 
possible at this joint. However, the calcanear tuber is directed 
laterally, as in the PM joint. 

(3) Crocodile-reverse (CR) joint: Bonaparte’ first recognized 
this type of pivot joint in ornithosuchids, in which the peg is on 
the calcaneum and the socket on the astragalus, the opposite 
condition to that in the CN joint. The calcaneum has a sliding 
convex surface for the fibula and the perforating foramen 


Nature Vol. 295 28 January 1982 








Table 1 Classification of Thecodontia 





Nature of © 
ankle joint 


PM joint — 


Order Thecodontia Owen, 1859 


1. Suborder Proterosuchia 
Family Proterosuchidae Broom, 1906 
Family Erythrosuchidae Watson, 1917 


2. Suborder Pseudosuchia 
a. Infraorder Parasuchia _ 
Family Parasuchidae Lydekker, 1885 
b. Infraorder Aetosauria 
Family Stagonolepididae Lydekker, 1887 
c. Infraorder Rauisuchia 
Family Rauisuchidae von Huene, 1942 
Family Poposauridae Nopsca, 1928 


_ CN joint 


3. Suborder Ornithosuchia 
Family Ornithosuchidae von Huene, 1908 
Family Euparkeriidae von Huene, 1920 


4. Suborder Lagosuchia 
Family Lagosuchidae Bonaparte, 1975 


CR joint 


AM joint 


Thecodontia incertae sedis 
Family Proterochampsidae Sill, 1967 
Family Scleromochlidae von Huene, 1914 
* Family Dosweliidae Weems, 1980 
Family Longisquamidae Sharov, 1970 
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Unknown 


between the two elements is lost. Cruickshank’ suggested that 
the CR joint is present in Chanaresuchus (Proterochampsidae), 
but the critical region of the astragalo—calcanear articulation in 
available specimens is badly damaged, and thus obscures the 
nature of ankle joint. 

Cruickshank! showed that the PM joint is an excellent struc- 
tural ancestor to both CN and CR joints. The major changes 
involved in such a transition would be the re-orientation of the 
calcaneal tuber posteriorly, with the development of the convex 
sliding surface of the fibula on the calcaneum and the elimina- 
tion of the perforating foramen. According to Cruickshank, in 
the CN joint, the lower convexo-concave joint below the per- 
forating foramen was elaborated so that the astragalus formed 
the peg and the calcaneum the socket. In the CR joint, he 
believes, the proximal concavo—convex joint was elaborated. 




















Although the evolution of the CN joint from the PM joint 
seems straightforward, closer scrutiny reveals that this may not 
be the situation for the CR joint. Rather, the peg on the 
calcaneum can be interpreted as being homologous to the whole 
medioventral process of the calcaneum of the CN or PM type. 
As a result, the peg of the astragalus below the articula 
remains free and wraps around the undersurface of the cal- 
caneum. This indicates that the CR joint might have evolved 
from the PM joint, not by the elaboration of the upper concavo- 
convex facets as Cruickshank envisaged, but by the upward 
migration of the calcaneum above the level of the astragalar peg. 
(Fig. 1). i be ae 

Both CN and CR joints are associated with the presence of a 
semi-improved gait, but they differ functionally in that the CN 
joint is more flexible and allows a greater degree of rotation 
between the astragalus and calcaneum than does the CR joint. 
In the CN joint, the peg is directed horizontally, whereas in the 
CR joint it is projected almost downward. As a result, the CR 
joint is a better locking and stabilizing device, and is better 
adapted to withstand the body weight than is the CN joint. 

(4) Advanced mesotarsal (AM) joint: Functionally this is 
similar to the PM joint in that the hinge movement occurs: 
between the proximal and distal rows of the tarsi. However, the — 
astragalus is a mediolaterally elongated hemi-cylinder with an 
ascending dorsal process for locking the tibia; the calcaneum is 
reduced and lacks the ‘heel’; the perforating foramen is absent. 
The joint is found in Lagosuchus? among thecodontians, and in 
all dinosaurs. 

The AM joint could have evolved not only from the PM joint, 
but also from the CN and CR joints. There are vestiges of the 
peg and socket in many forms, and accordingly two subtypes of 
AM joint (AM-normal (N) and AM-reverse (R)) have been 
distinguished. In Lagosuchus**, the calcaneum shows a rudi- 
mentary peg which fits into a corresponding socket of the 
astragalus, exhibiting the AM-R type. In Pisanosaurus; the 
earliest ornithischian dinosaur, the ankle retains the rudimen- 
tary peg and socket, but their relationships are not known. 
Cruickshank? remarks that in coelurosaurs, ornithischians and. 
prosauropods, the joint may be of the AM-N type, whereas it. 
may be of the AM-R type in sauropods and carnosaurs. At 
present, the dinosaur tarsi need very careful analysis before any 
such generalizations can be made. In most sauropods, ‘the 
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Fig.2 The phylogeny and classification of Thecodontia. 
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structure of the calcaneum remains unknown, and the astragalus 
shows no distinct articular surface for the calcaneum. Among 
carnosaurs two distinct varieties can be seen. Walker'' has 
Suggested that two phyletic lines exist within carnosaurs, 
Megalosauroidea and Tyrannosauroidea, the former showing an 
AM-R joint and the latter an AM-N joint (Fig. 1)°°?'. The 
diversity of AM joints suggests several origins of this type of 
ankle from different thecodontian lineages, and supports the 
concept of dinosaur polyphyly'***, not the converse ®?, 

The interpretation of the structural evolution of the the- 
codontian tarsus presented here implies the relationships shown 
in Fig. 2. This is translated into a classification (see Table 1) 
which differs from the existing classifications*”’ in the following 
points: (1) each suborder is defined by a distinctive pattern of 
ankle joint. (2) Suborder Pseudosuchia is restricted to those taxa 
showing a CN joint. Parasuchia (nom. transl. ex. Suborder 
Parasuchia Huxley, 1875) and Aetosauria (nom. transl. ex. 
Suborder Aetosauria Lydekker, 1889) are considered herein as 
infraorders within Pseudosuchia. Infraorder Rauisuchia (nom. 
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transl. ex. Rauisuchidae von Huene, 1942) is shown here to 
include the two closely related families Rauisuchidae and 
Poposauridae. Rauisuchia is regarded as a sister group of 
Aetosauria, and the two together as sister groups of Parasuchia. 
(3) Ornithosuchidae and Euparkeriidae are removed from 
Pseudosuchia and grouped into a new Suborder Ornithosuchia 
(nom. transl. ex. Infraorder Ornithosuchia Bonaparte, 1971). 
(4) Sphenosuchus, Saltoposuchus and Hesperosuchus are consid- 
ered as Paracrocodylia‘’’. (5) Lagosuchidae is removed from 
Pseudosuchia and promoted to a separate subordinal status 
Lagosuchia (nom. transl. ex. Lagosuchidae Bonaparte, 1975). 
(6) Proterochampsidae, Scleromochlidae, Dosweliidae and 
Longisquamidae are regarded as Thecodontia incertae sedis. 
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Ticks affect 800 million cattle and a similar number of sheep 
worldwide’ and their control by chemical ‘dipping’ is expensive 
and threatened by the widespread development of resistance’. 
Resistant varieties of crops have been used widely to control 
phytophagous insects’, but larvae of all species of hard ticks 
(Ixodidae) ascend plants only in order to transfer to a passing 
host. Contacts with hosts are infrequent thus the ticks must often 
wait in the pasture for several weeks’. A substantial reduction in 
the life expectancy of such larvae would lower populations of the 
damaging parasitic stages. Molasses grass Melinis minutiflora, 
has been shown to reduce tick survival but the effect is small and 
slow*. Some highly productive, nutritious varieties of the tropi- 
cal pasture legume Stylosanthes®*”’, are covered in glandular 
trichomes or hairs which secrete a viscous fluid. Such trichomes 
are well known for their role in defence against a variety of 
plant-feeding insects**. We report here that two South Ameri- 
can species of Stylosanthes produce sticky secretions which 
immediately immobilize larvae of the cattle tick, Boophilus 
microplus. The larvae are poisoned within 24 hours by an 
unidentified vapour from the secretions. The legumes appear to 
have the potential to substantially reduce populations of all 
species of ticks in the extensive tropical and subtropical areas in 
which Stylosanthes sp. can be grown in pasture. 

Following preliminary observations, pots were set up, each 
containing six to eight plants of each species or cultivar of the 
perennial legumes: Stylosanthes hamata cv. Verano: Stylosan - 
thes scabra cv. Fitzroy or Seca, CPI 34925 (Commonwealth 











0028-0836 /82/040320-—02$01.00 


pennies PEIN IE E aang 


Plant Introduction number); and Stylosanthes viscosa, CPI 
34904 and these were grown until near first flowering. 

We released tick larvae onto each type of legume and 
compared survival per pot with that on a control pot made up of 
a narrow-leafed grass (Eragrostic tenuifolia) and one of a broad- 
leafed grass (Panicum maximum). On each occasion, two pots 
containing the legume of interest were used to make 
comparisons. Tick larvae (10,000; the progeny of 4-5 female 
ticks) were released on to the base of the plants in each pot at 
20-24 °C. The pots were placed in trays of water to prevent any 
ticks escaping. On days 1 and 6 after release, live and dead 
larvae adhering to the trichomes were counted by destructive 
sampling of the plants. 

Differences in larval survival rates between the various 
treatments were such that statistical analysis was unnecessary 
(Fig. 1). No larvae reached the tips of untrimmed plants of S$, 
scabra and S. viscosa. Larvae were immobilized and killed on 
the glandular hairs of both species within 24 h (Fig. 2) while most 
of their siblings which had established themselves on grass or on 


Semma a 

Table 1 Model predictions of the percentage reductions in numbers of 

B. microplus after trapping of larvae by pubescent Stylosanthes for 
different periods each year 


% Stylosanthes 











Duration of trapping period (months) 
6 9 


in pasture 4 
20 4g 65 75 
40 77 90 96 
60 93 98 99+ 
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S. hamata were alive. The viscous secretion had no repellent 
properties so that the ticks, which are negatively geotropic, did 
not attempt to retreat and seek alternative plants. Despite the 
very large numbers of larvae trapped, each plant was capable of 
trapping many more. 

We investigated the mechanism by which larvae were killed; 
larvae placed on adhesive tape were still alive after being held 
for 48h, whereas others that had been trapped in situ on S. 
scabra were all dead after 24 h. We therefore concluded that 
physical restraint of the larvae was not alone responsible for 
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Days after release 


Fig. 1 Numbers of live B. microplus larvae recovered from pots 

containing different types of pasture plants onto which 10,000 

larvae had been released. x, Grass; @, S. hamata; ©, S. scabra; 
©. S. viscosa. 


their death, although in practice it would be adequate to prevent 
them attaching to a host. The contact toxicity of the secretion 
was tested by removing it from the trichomes with a small wad of 
cotton wool which was then extracted with hot methanol. The 
methanol was evaporated and the residue dissolved in ethanol 
containing 2% Triton X-100. This was then added to water to 
give a colloidal suspension. Larvae were dipped for 4 min in 
suspensions of the extract as described elsewhere’. The extract 


Fig.2 Larvae of the cattle tick B. microplus trapped and poisoned 
by viscous fluid produced by glandular trichomes of the tropical 
pasture legume S. scabra (scanning electron micrograph). x50. 





Suspension concentrations up to 0.3% w/v failed to kill larvae 
within 48 h. As conventional acaricides in similar conditions are 
toxic at concentrations below 0.001% w/v (ref. 9 and H.J.S., 
unpublished data) we considered the extract to be non-toxic 

The secretion had a characteristic odour, suggesting that the 
toxic agent might be volatile. If so it would have evaporated 
during preparation of the extract. The possibility of fumigant 
action was tested by collecting the secretion from three stems of 
scabra, ~15 cm long, using three pieces (16 cm’) of fine nylon 
auze. The gauze was crumpled and placed inside a larva-proof 
Stainless steel gauze cylinder (1 cmx 1 cm). The cylinder was 
securely capped and held firmly in the middle of a 5x 1.2 cm 
glass vial. Approximately 200 larvae were brushed on to the 
inside of the glass vial which was then secured at the open end 
with larva-proof nylon gauze. Vials were incubated at 30 °C and 
85-100% relative humidity. The larvae in the vials, while being 
exposed to any volatile component, were not in direct contact 
with the secretion. This experiment was repeated three times. 
After 36 h, 94% of the larvae were dead while all control larvae 
in glass tubes without the viscous fluid were alive. Investigations 
are under way to isolate and characterize the toxicant. 

The results demonstrate that those Sry/osanthes species that 
possess glandular hairs have an extremely severe and rapid 
effect on tick larvae. Preliminary observations on Stylosanthes 
guianensis have shown that some accessions to the Australian 
collection have comparable effects on ticks to those reported 
here for S. scabra and S. viscosa. The effect greatly exceeds that 
reported for molasses grass, on which there were still 15-20% as 
many larvae as on other grasses 14 days after infestation’. If 
these results for Stylosanthes are reproducible in the field, it may 
be possible substantially to reduce tick populations throughout 
much of the tropics and subtropics. The legumes not only trap 
larval ticks but also improve cattle nutrition, which should 
enhance their resistance to ticks’”. This effect will depend on the 
percentage cover of legume in a pasture and on the duration of 
the secretory period. Computer simulations using a model of B. 
microplus populations'’, with four generations per year, showed 
that the legumes are likely to reduce substantially equilibrium 
tick populations (Table 1). The effect may be enhanced by the 
observed accumulation of the secretions, especially of S. viscosa, 
on the legs and heads of grazing cattle. The exploitation of 
pasture plants that are detrimental to ticks is an attractive 
notion, particularly if the plants also improve the productivity of 
grazing animals. 

The genus Stylosanthes will grow in a wide range of climates 
and soils’, and it is likely that the legumes will be equally 
effective against all tropical and subtropical ticks which use 
pasture plants as a support while host-seeking. The specialized 
behaviour of tick larvae makes them particularly vulnerable to 
such a trap. 

We thank Mr J. Darley (James Cook University of North 
Queensland) for photography, Mr D. A. Stegeman and Ms J. 
Everson for technical assistance, and the Australian Meat 
Research Committee for contributing funding. Dr J. Nolan and 
D. P. Sands provided helpful support and several colleagues 
gave helpful criticisms of the manuscript. 
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genotoxicity of dinitrotoluene 
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Dinitrotoluene (DNT), an important industrial nitroaromatic 
compound, is a potent hepatocarcinogen in rats. Male Fischer- 
334 rats fed technical-grade DNT in the diet for 12 months 
showed a 100% incidence of hepatocellular carcinomas’. 
However, various in vitro and in vivo short-term tests using 
several genotoxic end points have failed to show activity with 
DNT or purified DNT isomers’, including unscheduled DNA 
synthesis (UDS) in primary hepatocytes in vitro’. In the in 
vivo—in vitro hepatocyte DNA repair assay, which measures 
chemically induced UDS in hepatocytes isolated from rats 
treated in vivo”, DNT was found to be a potent UDS inducer’ 
having a peak of activity 12h after a single dose. A possible 
explanation for the discrepancy between the in vivo and in vitro 
results is that metabolism by gut flora may be required for 
formation of the proximate or ultimate carcinogenic metabolites 
of DNT. The importance of biotransformation of toxicants by 
intestinal microflora has been demonstrated for cycasin’®** and 
other xenobiotics’*. We have used the in vivo~in vitro hepato- 
cyte DNA repair assay to study the role of intestinal microflora 
in DNT genotoxicity. We report here extensive DNT-induced 
DNA repair in rats having the normal complement of gut flora, 
but not in rats which have no gut flora. These results indicate that 
metabolism of DNT by gut flora is a necessary step in the 
genotoxicity of this compound and illustrate the value of the in 
vivo-in vitro hepatocyte DNA repair assay in assessing the 
carcinogenic potential of nitroaromatic compounds. 
Germ-free (axenic) male Fischer-344 rats (CDF (F-344)/ 
CriGN) were obtained in sterile isolators from Charles River 
Breeding Laboratories. Two weeks previously, one group was 
associated with Charles River Altered Schaedler Flora 
(CRASF), a mixture of eight anaerobic bacterial strains similar 
to the normal gut microflora of rats (R. P. Orcutt, personal 
communication). Rats were maintained on Agway 7RF Auto- 
clavable Rodent Diet while in transit and after arrival. Both the 
non-associated and associated groups of rats were given 100 mg 
per kg sterile DNT by gavage in sterile corn oil. (DNT was 
sterilized by dissolving in absolute ethanol, filter sterilizing 
(0.45 um filter) and recrystallizing. Using gas chromatographic 


analysis, the isomeric proportions were found to be essentially 
unchanged.) Primary hepatocyte cultures were prepared 12h 
later, cultured with *H-thymidine and UDS measured by quan- 
titative autoradiography as previously described®. Cells were 
scored for net grains per nucleus, calculated as the silver grains 
overlying the nucleus minus the highest of the grain counts 
overlying three adjacent nucleus-sized areas of the cytoplasm; 
50 cells were scored for each of three slides per animal. A cell 
with 25 net grains per nucleus was considered to be in repair. 

Rats associated with CRASF showed a marked increase in 
UDS after DNT treatment (Table 1), whereas axenic rats 
showed no increase in UDS. Dimethylnitrosamine (DMN), used 
as a positive control, gave a large increase in UDS, confirming 
the ability of axenic animals to carry out excision repair of DNA 
after exposure to a genctoxic agent. This is consistent with the 
response induced by DMN in conventional animals®. 

The caecal contents of each rat were cultured to confirm its 
bacterial status; those of the associated animals contained the 
complete CRASF flora. Several of the non-associated animals 
were found to be contaminated with one or two bacterial strains. 
These animals, however, showed only low bacterial counts 
compared with those found in the CRASF-associated rats. 
Non-associated rats contaminated with Streptococcus faecalis 
showed a small increase in UDS after DNT treatment while 
non-associated rats contaminated with Clostridium perfringens 
showed no increase (Table 1). None of the contaminants were 
CRASF constituents, although S, faecalis and C. perfringens are 
frequently found in the normal gut flora of man and con- 
ventional laboratory animals. Thus, the level of DNT-induced 
UDS in the rats that did not have the normal complement of gut 
flora was significantly lower (P< 0.01) than that seen in rats 
having the complete complement. 

The absence of UDS in axenic animals clearly demonstrates a 
requirement for metabolism by gut flora in order for DNT to be 
genotoxic. Other studies have indicated that intestinal flora play 
a part in DNT metabolism. Following treatment of axenic rats 
with 2,4-DNT, two of the four major urinary metabolites seen in 
conventional rats were substantially decreased'*, Metabolism of 
2,4-DNT by rat intestinal flora in vitro showed reduction of 
2,4-DNT to 2-amino-4-nitrotoluene (2-A-4-NT), 2-nitro-4- 
aminotoluene (2-N-4-AT) and 2,4-diaminotoluene (2,4- 
DAT)”. Isolated rat hepatocytes were unable to produce 2,4- 
DAT, 2-A-4-NT or 4-A-2-NT at physiological oxygen concen- 
trations”. The results of our DNA repair studies combined with 
metabolism studies provide strong evidence that reductive 
metabolism in the gut is necessary for formation of a genotoxic 
metabolite of DNT. | 

Short-term in vitro tests for genotoxicity are widely used as 
supportive data in the evaluation of the potential carcinogenicity 
of chemicals’. However, these assays do not reflect the species, 





Table 1 Induction of UDS in CRASF-associated and non-associated rats 12 h after DNT treatment 





Bacterial status Chemical 
Associated animals 
Complete CRASF Control 
Complete CRASF DNT 
Non-associated animals 
Axenic & Control 
Bacillus licheniformis + Clostridium perfringens Control 
Total control 
Axenic DNT 
Streptococcus faecalis DNT 
Clostridum perfringens DNT 
Total DNT 
Axenic DMN 


Dose Net grains per 
(mg per kg) (n) nucleus % In repair 
— 2 ~4.2+0.5 T2 
100 4 18.7+1.3. 8743 
~ i ~3.6 3 
=- 1 ~4,3 . a 
100 2 —0.8+0.2 14+2 
100 2 2.9+0.7 3444 
100 2 —~3,.5+0,2 4+2 
100 6 —~0.5+1.2 18+6 
10 i 


43.7 97 


rere ettteanrmntaatntrenenennrnnstinnntn tn 

Dimethyinitrosamine (DMN) was administered 2 h before killing as a positive control. Controls received corn oil only. n, Number of treated 
animals. The bacterial content of each animal was determined from caecal contents at killing. Axenic means that caecal contents were sterile. Low 
levels of bacteria found in the non-associated group were adventitious contaminants. Standard errors shown represent animal-to-animal variation. 


The per cent in repair is the per cent of cells with 25 net grains per nucleus. 
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sex and organ specificities commonly observed in chemical 
carcinogenesis. Existing or future systems which will allow the 
evaluation of chemically induced genotoxic effects in the whole 
animal should provide a more realistic means of evaluating the 
potential hazards of be appropriate for evaluating genotoxicity 
of nitroaromatic and, perhaps, other compounds. In addition, 
the in vivo assays which measure genotoxicity in a target tissue 
that does not develop cancer® may also be inappropriate. The in 
vivo-in vitro hepatocyte DNA repair assay has been demon- 
strated to be extremely useful for the study of DNT genotoxicity 
and should, therefore, be one of the primary tests chosen to 
examine the genotoxicity of nitroaromatic compounds. 


* To whom correspondence should be addressed at: SRI International, Biochemical Genetics 
Department, 333 Ravenswood Avenue, Menlo Park, California 94025, USA. 
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The genetically obese (ob/ob) mouse has been used extensively 
in experimental studies on obesity and to determine the 
mechanisms involved in regulating energy balance’. Excess 
energy begins to accumulate in the ob/ob mouse from ~12 days 
of age’, but food intake during the suckling period and up to 4 
weeks of age is no greater than in lean siblings’ ^. This indicates 
that the initial development of obesity in the ob/ob mutant is 
entirely due to a low energy expenditure, and this has been 
attributed to a reduction in thermoregulatory non-shivering 
thermogenesis” *, particularly that mediated by brown adipose 
tissue™*’, Hyperphagia does, however, play an important part in 
the later development of obesity in ob/ob mice. Recent studies 
with young rats of the Sprague-Dawley strain fed a ‘cafeteria 
diet’ have suggested that an adaptive diet-induced ther- 
mogenesis, also mediated by brown adipose tissue, has a major 
role in minimizing the accumulation of energy during voluntary 
overfeeding’**. We now report the effects of overfeeding 
young lean and obese mice with a cafeteria-type diet, and show 
that while the lean animals retain little of their excess energy 
intake, most of the extra intake of the obese mice is deposited. 
This suggests that the capacity for diet-induced thermogenesis is 
reduced in the obese compared with the lean mice. We also show 
that the energy balance measurements are paralleled by 
different adaptive changes in brown adipose tissue in the two 
genotypes. 

The animals used in this study were male lean (ob/ + or +/+) 
and obese (ob/ob) mice of the ‘Aston’ variety’, between 23 and 


28 days old at the start of the experiments. They were kept singly 
in wire-mesh cages in an animal room at 23+1 °C, with a 12-h 
light/12-h dark cycle (light period from 07.00). Half the animals 
were fed a standard low-fat commercial diet (Spillers—Spratts 
Rodent Breeding Diet 1), while the remaining animals from 
each group were fed a cafeteria diet. The cafeteria diet consisted 
of two different food items (for example, chocolate and cheese) 
given each day, in addition to the stock diet. All animals were 
weighed daily and energy intake was determined each day for 
the cafeteria mice and every 2-3 days for the stock-fed groups. 

The energy balance results for lean and obese mice obtained 
over 3 weeks are shown in Table 1. The lean mice fed the 
cafeteria diet had a digestible energy intake that was 69% higher 
than that of lean animals fed the stock diet alone; thus mice, like 
rats, can be induced to over-eat on a cafeteria diet. Despite their 
increased energy intake, the cafeteria-fed lean mice did not 
show a significantly greater weight gain than the stock-fed 
controls, and although the total energy gain on the cafeteria diet 
was 19% greater than that on the stock diet, the increase was not 
statistically significant. Gross efficiency (energy deposited 
divided by digestible energy intake) was significantly lower on 
the cafeteria diet than on the stock diet. 

The absolute increase in energy deposition of lean mice fed 
the cafeteria diet was 36 kJ and this accounted for a mere 4% of 
the increase in digestible energy intake which occurred during 
cafeteria feeding. The apparent energy expenditure of the 
cafeteria-fed lean mice, calculated as the difference between the 
digestible energy intake and the gain in body energy, was 899 kJ 
(or 76%) more than the control lean mice. This suggests that 
young lean mice of the Aston variety exhibit the same diet- 
induced thermogenesis during overfeeding as has been reported 
for Sprague-Dawley rats'’. It is possible that greater physical 
activity also made some contribution to the increased energy 
expenditure of the cafeteria-fed mice. Note that energy expen- 
diture in this study has been overestimated because the energy 
loss in urine was not taken into account. However, as the animals 
showed no glycosuria, urinary energy losses are unlikely to affect 
markedly the calculated difference in energy expenditure 
between stock and cafeteria-fed animals. 

The obese mice also increased their energy intake on the 
cafeteria diet, despite the fact that on the stock diet they were 
already hyperphagic relative to the lean animals. The digestible 
energy intake of the cafeteria-fed obese mice was 49% more 
than in those fed the stock diet alone. In contrast to the lean 
mice, the obese animals gained significantly more weight and 
deposited substantially more energy on the cafeteria than on the 
stock diet. The gain in carcass energy on the cafeteria diet was 
88% more than on the control diet, and the gross efficiency of 
the cafeteria-fed obese animals was higher, rather than lower, 
than the stock-fed group. The absolute increase in energy 
deposition (572 kJ) on the cafeteria diet amounted to 55% of 
the extra energy intake; thus, in the obese mice, unlike the lean, 
most of the extra energy intake was deposited. The apparent ` 
energy expenditure did, of course, rise in the cafeteria-fed obese 
animals, but it is unlikely that much of the increase was due to 
the energy cost of fat deposition as high-fat cafeteria diets lead 
to a suppression of fatty acid synthesis (N. J. Rothwell, M. J. 
Stock and P. T., unpublished observations), presumably because 
dietary fatty acids are used directly for triacylglycerol synthesis, 
at little energy cost. 

it has recently been argue that cumulative errors occur in 
energy balance experiments, necessitating the measurement of 
all three components—intake, output and storage—of the 


qi415 


` energy balance equation. There is no evidence, however, that 


the errors involved are large, and they are certainly too small to 
have more than a minor impact on the conclusions drawn here. 
Furthermore, in the present study, any cumulative errors will 
presumably occur for both the lean and obese animals, which 
showed quite different responses to overfeeding with regard to 
energy deposition and apparent energy expenditure. 

Evidence has been presented that the main effector of diet- 


induced thermogenesis in rats is brown adipose tissue’, 
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Table 1 Energy balance in lean and genetically obese mice fed control or cafeteria diets for 3 weeks 


Oee meme A A emanen e a imipramine 


Lean 


Control 
Digestible energy intake (kJ) 1,363 +45 
Initial body weight (g) 19.4+1.0 
Final body weight (g) 36.1+1.1 
Body weight gain (g) 16.7+0.8 
Initial body energy (kJ) 155.54+9.8 
Final body energy (kJ) 341.4+420.2 
Gain in body energy (kJ) 185,.9+ 16.6 
Gross efficiency (%) 13.6+£1.0- 
Apparent energy expenditure (kJ) 1,177 +32 





Obese 
Cafeteria Control Cafeteria 
2,298 +95* 2,181+80 3,242455* 
19.5+0.5 (NS) 20.0+1.3 21.8+0.6 (NS) 
37.3+ 1.9 (NS) 49,.4+1.5 59.0+1.1* 
17.8+ 1.4 (NS) 29.4+0.6 37.2+0.9* 
156.3 + 4.6 (NS) 238.6+20.3 265.6 + 8.4 (NS) 
378.2 + 36.0 (NS) 887.7 + 39.4 1,486.5 + 111.6* 
221.9+ 33.2 (NS) 649.1425.4 1,220.9 + 104.9% 
9.7% 1.01 29.9+0.9 37.743,14 
2,076 + 70* 1,531+464 2,021 +1074 


Mice 23-28 days old were fed stock or cafeteria diets for 3 weeks; the lean and obese animals received the same cafeteria foods. The energy content 
of all food items, carcasses and faeces was determined by bomb calorimetry using a Gallenkamp adiabatic calorimeter (model CB-100), calibrated 
with dry benzoic acid standards’. Energy intake measurements were corrected for any changes in water content of the foods. Faeces were collected 
throughout the experiment and their energy content measured for the determination of digestible energy intake. At the end of the experiment the mice 
were killed by ether anaesthesia, the gut contents removed, and the carcasses chopped into small pieces. The carcasses were then autoclaved, 
homogenized, and finally freeze-dried before measurement of their energy content’. Initial carcass energy was estimated from body weight by 
reference to a baseline group of 10 lean and 10 obese mice of the same age and weight range as the experimental groups . Gross efficiency and the 
apparent energy expenditure were calculated as described in the text. Results are given as mean values +s.e.m. for eight animals per group, except for 


the lean cafeteria group where seven animals were used. 


t P<0.05; ¢P<0.01; * P<0.001 compared with control animals of the same genotype. NS, not significant (P > 0.05). 


which is traditionally associated with non-shivering thermo- 
genesis in many newborn and hibernating mammals'*!’, We 
therefore examined brown adipose tissue from the interscapular 
region of both lean and obese mice fed the stock or cafeteria 
diets (for results see Table 2). The total amount of interscapular 
brown adipose tissue was increased by 26% in lean mice after 
cafeteria feeding, but there was no increase in the total protein 
content of the tissue. The activity of cytochrome oxidase (E.C. 
1.9.3.1.) was, however, increased by 53%, indicating that the 
total oxidative capacity of brown adipose tissue was augmented 
by overfeeding in lean mice. In contrast, the obese mice fed the 
cafeteria diet did not show any increase in the amount of 
interscapular brown adipose tissue, or in the cytochrome oxi- 
dase activity or total protein content of the tissue. 

The primary mechanism for thermogenesis in brown adipose 
tissue is considered to be through a proton conductance pathway 
across the inner mitochondrial membrane'*, a pathway which 
can be inhibited by purine nucleotides that bind to a protein of 
molecular weight 32,000 (refs 19, 20). The extent to which 
purine nucleotides (for example, GDP) bind to brown adipose 
tissue mitochondria seems to reflect the activity of the proton 
conductance pathway, and this has formed the basis of an assay 
for the ‘thermogenic state’ of the tissue*’?*. We therefore 
measured GDP binding to brown adipose tissue mitochondria 
from lean and obese animals fed control or cafeteria diets; there 
was a ~50% increase in binding in the cafeteria-fed animals of 
both genotypes, which indicates an augmentation of thermo- 


genesis (Table 2). However, for each diet binding was lower in 
the obese than in the lean animals. 

Cafeteria feeding, therefore, seems to result in changes in the 
proton conductance pathway, as well as in the total oxidative 
capacity, of brown adipose tissue of lean mice, changes that are 
similar to the changes reported in Sprague-Dawley rats’. 
Obese mice show less of a response to overfeeding, however, in 
that only the proton conductance pathway is increased. These 
different adaptive responses to overfeeding in brown adipose 
tissue of lean and obese mice parallel the different responses of 
the two genotypes with respect to whole-body energy balance. 

Pair-feeding studies using the ob/ob mutant on a normal diet 
generally involve restricting the intake of the obese to the ad 
libitum intake of the lean, but in the present experiments the 
digestible energy intake of the cafeteria-fed lean mice proved 
similar to that of the obese fed the stock diet alone; ‘pair- 
feeding’ was therefore achieved with the obese eating ad libitum. 
Note that in this situation the stock-fed obese animals deposited 
nearly three times as much energy as the cafeteria-fed lean mice, 
and this was associated with substantial differences between the 
two groups in cytochrome oxidase activity and GDP binding in 
brown adipose tissue. 

In conclusion, the present results demonstrate a clear 
difference between the lean and obese genotypes in the 
metabolic response to voluntary overfeeding, results consistent 
with the view that a regulatory diet-induced thermogenesis 
mediated by brown adipose tissue plays an important part in 


Table 2 Properties of interscapular brown adipose tissue in lean and genetically obese mice fed control or cafeteria diets 


Lean 





Control 

Brown adipose tissue weight (mg) 80.543.4 
j (16) 

Total brown adipose tissue protein (mg) 10.6+0.8 
(13) 

Total cytochrome oxidase activity 22.14 1.6 
(«mol cytochrome c oxidized per min) (13) 

GDP binding (pmol GDP per mg 345.3+413.5 

mitochondrial protein) (7) 





Mice similar to those in Table 1 were fed stock or cafeteria diets fo 





Obese 
Cafeteria Control Cafeteria 
101.6+47.7* 343.5+33.2 315.3+47.2 (NS) 
(16) (8) (10) 
11.0+0.6 (NS) 8.6+0.3 9.7+0.5 (NS) 
(8) (8) (8) 
33.8+ 1.74 13.4+1.5 13.4+ 1.2 (NS) 
(8) (8) (8) 
502.2 + 30.37 272.2+ 12.5 - 421.7+136.4* 
(8) (7) (6) 





r 3 weeks, after which they were killed by cervical dislocation, and interscapular 


brown adipose tissue rapidly removed, trimmed free of contaminating tissues, and weighed. The cytochrome oxidase activity of the tissue was 
measured spectrophotometrically*®, and the total protein content measured by a modified Lowry method” using bovine serum albumin as standard. 
For the purine nucleotide (GDP) binding assay, mitochondria were prepared as described elsewhere’® from brown adipose tissue pooled from the 
interscapular, subscapular and dorsocervical sites. GDP binding was measured by incubating the mitochondria at 20 °C, pH 7.1 for 7 min, with 10 uM 
*H-GDP, essentially according to Nicholls'’, as described previously*”. °H-GDP and 'C-sucrose were obtained from Amersham. The results are 


mean values +s.e.m.; numbers of observations are shown in parentheses. 


* P<0.05; + P<0.001 compared with control animals of the same genotype. NS, not significant (P > 0.05), 
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energy balance’’. The results also demonstrate directly the 
importance of a reduced capacity for diet-induced thermo- 
genesis in the development of obesity”. Obesity in the ob/ob 
mouse, in particular, may be viewed as a consequence of a 
reduction in both non-shivering and diet-induced thermo- 
genesis in brown adipose tissue; reduced non-shivering 
thermogenesis leads to a low maintenance requirement and 
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A monolayer of epithelial cells, endowed with unique secretory 
properties, lines the human amniochorion’”. It has been shown 
that transplantation of these membranes into allogeneic hosts 
does not result in overt acute graft rejection °,. We demonstrate 
here that HLA-A, -B, -C and -DR antigens and £. micro- 
globulin (8.m) cannot be detected by immunofluorescence on 
freshly collected or in vitro cultured amniotic epithelial cells, 
although small quantities of such antigens were detected when 
more sensitive radiobiological techniques were used. We also 
show that these cells, cultured in vitro, produce large quantities 
of enzymes absent in patients with lysosomal storage diseases 
and that their supernatants can correct glycosaminoglycan 
accumulation in cultured fibroblasts from patients with Hurler’s 
and Hunter’s syndromes. 

Cryostat sections of human amniotic membranes were studied 
by immunofluorescence techniques either immediately after 
collection or following 24 h incubation in RPMI 1640 medium 
(Flow)’. When these sections were independently stained in 
three laboratories, gəm could not be detected by 
immunofluorescence techniques using monoclonal antibodies 
and rabbit immune sera. The few fibroblasts present in the 
connective tissue showed intense staining. Using the same 
methods, 6.2m molecules were not detected on the surface of 
amniotic epithelial cells which had been cultured in vitro for over 
3 weeks. The expression of HLA-A, -B, -C and -DR antigens 
was investigated by immunofluorescence using two monomor- 
phic monoclonal antibodies, one (W6/32) reacting with the 
native HLA-A, -B and -C molecules and the other (DA2) with 
HLA-DR antigen. The amniotic epithelial cells were not 
stained by these antibodies while cells in the underlying connec- 
tive tissue, predominantly fibroblasts, were positive with 


W6/32; another population of these cells, presumably macro- 
phages, were positive with the DA2 antibody. 

Although these results suggested the absence or poor expres- 
sion of HLA-A, -B, -C and -DR antigens and 82m on the surface 
of the human amniotic epithelial cells, small quantities of 8am 
could be detected in the serum-free media collected from 20 
samples of the cells cultured in vitro. In fact, 24 h incubation of 
the cells in a serum-free medium following culture in RPMI 
1640 medium supplemented with 20% fetal calf serum for >3 
weeks, revealed levels of 62m of 1.7-14.7mgl™* (mean 
5.8 mg1`*) in the supernatants, using a radioimmunoassay 
technique (Phadebas 82 microtest, Pharmacia Diagnostic). 
However, the amount of B-m in the supernatants of the amniotic 
epithelial cells was less than that detected in the supernatants of 
adult fibroblasts (7.6-18.4 mgl"; mean 13.2), while fetal 
fibroblasts appeared to produce much more 8m than adult 
fibroblasts (49-68 mg 171; mean 56). 

The synthesis of 82m and HLA-A, -B and -C antigens was 
further investigated by labelling the amniotic epithelial cells in 
vitro with *°S-methionine for 4 h. Fibroblasts from adult donors 
were also labelled and analysed as positive controls. Detergent 
lysates of these cells were analysed by immunoprecipitation and 
SDS polyacrylamide gel electrophoresis. Faint bands cor- 
responding to the 43,000 molecular weight HLA-A, -B and -C 
chain and 12,000 molecular weight 8.m were precipitated from 
the lysates by antibodies directed against these antigens. None 
of the antigens was precipitated from the medium in which the 
cells were grown. Newly synthesized HLA-A, -B and -C chains 
and Bam were detected in both extracts and supernatants of 
adult fibroblasts. 

Although it is possible that the few contaminating fetal fibro- 
blasts present in the cultures have contributed to the detection of 
HLA chains and 8m by the radiobiological assays, very few 
fibroblasts were observed in the cultures, and the epithelial cells 
could be subcultured several times without overgrowth of the 
fibroblasts. 

Amniotic epithelial cells were also strongly reactive with a 
rabbit antiserum prepared against human amniotic epithelium 
(Fig. 1)'°. This antibody reacted with amniotic epithelial cells 
that had been cultured in vitro for several weeks but did not react 
with fetal skin, adult epithelial cells or fetal fibroblasts. 

To establish whether the production of HLA antigens detec- 
ted by the radiobiological techniques could affect the possible 
use of these cells in transplantation, seven normal individuals 
were transplanted subcutaneously with a piece of amniotic 
epithelial membrane’. The results of these experiments will be 
published in detail elsewhere; briefly, none of the volunteers 
showed any.signs of acute rejection after 6 weeks; four were 
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Table 1 Lysosomal enzyme activities of human amniotic epithelial cells 
Amniotic Normal Cells from Lysosomal 
Enzyme epithelial cells fibroblasts amniotic fluids storage disease 

a-iduronidase 49; 56 21-72 26-136 Hurler’s disease 
B- galactosidase 556; 1183 394-1,443 345-885 GM, -gangliosidosis 
a-galactosidase A 33 40-120 30-51 Fabry’s disease 
B- glucosidase 916 350-1,110 320-1,054 Gaucher's disease 
a- glucosidase 138 40-90 11-45 Pompe’s disease 
Sphingomyelinase 251 227-775 305-602 Niemann—Pick disease 
Arylsulphatase A 649; 686 325-2,000 146-600 Metachromatic leucodystrophy 





Levels are expressed as nmole per h per mg protein. The values for the different enzymes are reported as ranges or individual levels, and are those 


obtained in the Paediatric Research Unit, Guy’s Hospital Medical School. 


studied serologically and found not to produce anti-HLA 
response. Although the implanted tissues were not left long 
enough to be certain that they were not chronically rejected, the 
results suggest that amniotic epithelial cells are not immuno- 
genic and can be transplanted to correct certain enzyme 
deficiencies. 

Evidence that the amniotic epithelial cells produce enzymes 
deficient in some lysosomal storage diseases was obtained as 
follows. Human amniotic membranes were collected in sterile 
conditions from caesarian sections and incubated for 24h in 
RPMI 1640 medium. The epithelial cells were isolated by 
trypsinization with 0.25% (w/v) trypsin (Wellcome) and 
cultured in RPMI 1640 medium supplemented with 20% fetal 
calf serum in a humidified incubator containing an atmosphere 
of 5% CO, in air. The cells could be maintained in culture for 
over 20 weeks and several passages (Fig. 2). 

The enzyme estimations were performed simultaneously on 
the amniotic epithelial cells, fibroblasts from adult individuals 
and cells collected from amniotic fluids (Table 1). The cultured 
cells were collected, suspended in 0.01% Triton X-100 and 
disrupted by sonication. The activities of a-iduronidase, B- 





Fig. 1 Human amniotic epithelial cells: a, stained by 

immunofluorescence and a specific rabbit immune serum; the same 

cells did not stain when monoclonal antisera against HLA antigens 

or Bm were used; b, in the biopsy taken from a volunteer implan- 

ted with cells 32 days previously. There is no evidence of acute 
rejection, 





galactosidase, a-galactosidase A, œ- and B-glucosidase, sphin- 
gomyelinase and arylsulphatase A were estimated on the 
supernatants obtained after centrifugation of the disrupted cells 
using minor modifications of the methods previously 
described'''*. As shown in Table 1, all the enzymes assayed 
were detected in the extracts from the cultured cells. The levels 
of all enzymes tested, expressed as nmol per h per mg protein, 
were similar to those produced by cultured normal fibroblasts 
and by the cells obtained from amniotic fluids. Figure 3 shows 
the rates of Na.*°SO, uptake by fibroblasts from a patient with 
Hurler’s disease grown in inorganic sulphate-free medium 
(Dulbecco's modified Eagle’s medium; Flow Laboratories), with 
and without amnion culture supernatant from cells grown in 
similar medium’*, as compared with normal fibroblasts. Tt is 
clear that within 1 week the amniotic epithelial cell supernatant 
was able to correct the abnormal accumulation by the Hurler 
cells. Similar results were obtained using the fibroblasts from a 
patient with Hunter’s syndrome. 

The present results uphold the suggestion that the amniotic 
epithelial cells may be used for transplantation in patients with 
selected enzyme deficiencies, as they produce substantial quan- 
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Fig. 2 Photomicrographs of human amniotic epithelial cells in 

tissue culture taken using Nomarski (a, c) and phase contrast (b, d) 

techniques (X125). a, b, Cells in culture for 4 days; c, d, cells in 
culture for 3 weeks. 
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Fig.3 Rate of Na,°°SO, uptake by fibroblasts. All three groups 

of cells accumulate label for the first 3 days because of pre-culture 

in inorganic sulphate-free medium. Subsequently, the Hurler cells 

(W) continue to accumulate the label, whereas in the presence of 

amniotic cell supernatant (@) they equilibrate, as do normal fibro- 
blasts (A). 





0028-08 36/82 /040327—03$01.00 


tities of enzymes lacking in some of the more common enzyme 
disorders'’. Work is in progress to see if the cells produce other 
enzymes, such as adenosine deaminase, of diagnostic and 
therapeutic value. 

The implantation of either sheets of amniotic epithelial cells 
or cells cultured in vitro has many advantages over the use of 
bone marrow or fibroblast transplants: there should be no risk of 
graft-versus-host reaction and probably no need to use 
immunosuppressive therapy with all its attendant complications. 
Furthermore, the availability of an immune serum which reacts 
specifically with the amniotic epithelial cells without cross- 
reacting with fetal or adult skin epithelial cells makes it feasible 
to identify the transplanted amniotic cells in biopsy material. 
Another advantage would be that supplies of these cells are 
readily available from any obstetric unit. 

A thorough search of the literature has revealed no evidence 
of malignant change originating in the amniotic epithelial cells. 
Whether our suggestion is valid, and whether these cells may be 
used for transplantation following further genetic engineering 
remains to be proved by transplanting these cells into patients 
with selected inborn errors of metabolism. 

We thank Dr Michael Joseph for useful discussions and Miss 
Carolyn Beech for her patience in the preparation of the 
manuscript. 
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Leukotriene C, (LTC,) and its metabolites LTD, and LTE, 
(Fig. 1) have been identified as the major active constituents of 
slow-reacting substance of anaphylaxis (SRS-A)'~. Leuko- 
trienes C,, D, and E, have rapidly gained recognition as bron- 
choconstrictors of hitherto unsurpassed potency in the guinea 
pig in vivo and in vitro*” as well as acting as oedema-forming 
substances in guinea pig™*7 and hamster". Here we report that 
LTC, is also a prominent bronchoconstrictor in the monkey; it 
increases transpulmonary pressure in the anaesthetized animal, 
mainly by decreasing pulmonary dynamic compliance, and it 
contracts isolated tracheal spiral tissue. Furthermore, LTC, 
causes transient pulmonary and systemic hypertension, followed 
by a prolonged hypotensive period associated with decreased 
cardiac output, haemoconcentration and reduction in the 
number of circulating leukocytes. These in vivo findings in a 
primate imply that leukotrienes may also cause important 
alterations of cardiovascular and pulmonary function in man. 
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Male monkeys (Macaca irus) weighing 2.8-3.2kg were 
anaesthetized with ketamine HCl, and ventilated artificially 
through a tracheostomy. Pressure-monitoring catheters were 
inserted in the aorta, pulmonary artery and right and left atrium, 
as described elsewhere’. Transpulmonary pressure was 
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Fig.1 Leukotrienes biosynthesized from arachidonic acid via an 
initial lipoxygenase-catalysed formation of 5(S)-hydroperoxy- 
7,9,11,14-eicosatetraenoic acid (5-HPETE). 5-HPETE is trans- 
formed into an unstable époxide intermediate, leukotriene A, 
(5,6-oxido-7,9,11,14-eicosatetraenoic acid, LTA,), which has the 
characteristic conjugated triene structure present in all leuko- 
trienes. LTA, may form the leukotactic principle leukotriene B, 
(5(S), 12(R) - dihydroxy- 6 -cis-8, 10-trans, 14-cis-eicosatetraenoic 
acid, LTB,). Addition of glutathione yields the primary SRS-A, 
LTC,  (5(S)-hydroxy-6(R)-S-glutathionyl-7 ,9-trans,11,14-cis- 
eicosatetraenoic acid). Successive enzymatic removal of glutamic 
acid by y-glutamyl transpeptidase and glycine by a dipeptidase, 
converts LTC, into LTD, (5(S)-hydroxy-6(R)-S-cystenylglycyl- 
7,9-trans,11,14-cis-eicosatetraenoic acid), and LTE, (S5(S)- 
hydroxy-6(R)-S-cysteinyl-7,9- trans, 11, 14-cis- eicosatetraenoic 
acid), respectively. (For details of biosynthesis and nomenclature, 
see refs 1, 2.) 
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Fig. 2 Effects of systemic administration (injection through 
catheter placed in right atrium) of histamine (Hi) and LTC, in the 
artificially ventilated monkey. TPP, transpulmonary pressure; 
MAP, mean systemic arterial pressure; PAP, pulmonary arterial 
pressure; RAP, right atrial pressure. Cardiac output (CO) was 
determined by the thermodilution technique. Blood samples for 
analysis of haematocrit (PCV), white blood cell count (WBC), 
platelets (PT) and arterial Po,, Peo, and pH were drawn before 
and 5 and 15 min after injection of LTC,. 
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measured as the difference between tracheal and intrapleural 
pressures. Pulmonary dynamic compliance and pulmonary 
resistance were calculated from simultaneous recordings of 
tracheal air flow, tidal volume and transpulmonary pressure”. 
Injection of biosynthetically generated’! LTC, (0.5-30 nmol) 
into the right atrium caused a prompt and transient rise in mean 
arterial pressure (MAP), followed by a long-lasting hypotensive 
period (Fig. 2). Pulmonary arterial (PAP), right atrial (RAP) and 
left atrial (LAP, not shown in figure) pressures were similarly 
affected. The initial pressor response apparently reflects 
increased resistance in both the pulmonary and systemic vascu- 
lar beds, in agreement with the vasocontrictor effects of LTC, in 
the guinea pig*’ and its arteriolar constriction in the hamster 
cheek pouch*. The subsequent sustained hypotension does not 
seem to be the result of changes in vascular calibre, because 
calculated total peripheral resistance increased during this 
period; for example, in the experiment shown in Fig. 2 the 
increase was 25 and 45% at 2 and 4 min respectively. Rather, 
LTC, seems to affect cardiac dynamics, as cardiac output was 
markedly decreased during the hypotension (in Fig. 2 by 35% at 
2 and 4 min), concomitant with little or no change in heart rate. 
The reduction of cardiac output may be due to a negative 
inotropic effect of LTC, (refs 12, 13), possibly in conjunction 
with a decrease in plasma volume secondary to increased vascu- 
lar permeability, as documented in other species’ **. Plasma 
leakage induced by LTC, could explain the haemoconcen- 
tration, which was indicated in the present experiment by a rise 
in haematocrit. Furthermore, the observed reduction of RAP 
and LAP after LTC, could also be consistent with a peripheral 
contribution to the decline in cardiac output. 
Snr een aE a ea eee 


Table 1 Effect of LTC, aerosol on transpulmonary pressure in the anaesthetized 


monkey 
fla a ay ee eS Se 
Ratio 
< Equipotent equipotent 
LTC, dose of doses 
dose Response histamine* (dose histamine/ 
Animal (nmol) (% increase) (nmol) dose LTC,) 
1 2 31 63 31.5 
2 10 92 1,490 149 
3 10 53 562 56.2 
4 20 153 1,480 74.0 
Mean ratio (+s.e.m.)} histamine/LTC,: 77.8 +25.3 


Semeraro aaaea 
* Calculated from dose-response relationships established for aerosolized 
histamine in the same experiment. 


Compared with LTC,, histamine (5-100 nmol, Sigma, 
injected into the right atrium) had short-lived cardiovascular 
effects related to its well known vasodilatory properties. Mean 
systemic and pulmonary arterial pressures were transiently 
decreased, while heart rate was simultaneously increased, 
presumably by reflex activation (Fig. 2). 

Interestingly, injection of LTC, caused a marked but rever- 
sible drop in white blood cell count, while platelet count was 
unaffected (Fig. 2). The reason for this decrease is unclear, but it 
is possible that LTC, induces leukocyte trapping in various 
microvascular beds, as has recently been reported for leuko- 
triene B4 (LTB,) in the hamster cheek pouch*®. Accordingly, 
when LTB, (6 nmol) was injected systemically into one monkey, 
white blood cell count decreased from 14.5 to 5.0 x 10° per lin 
5 min, and had returned to 15.5 x 10° per 1 30 min later. 

Leukotriene C, and histamine, when injected into the right 
atrium, increased transpulmonary pressure. They were virtually 
equipotent in this respect (Fig, 2), although the time course for 
their actions differed: the histamine effect peaked after 10-15 s 
and terminated within 1 min, whereas LTC, elicited maximal 
increase in transpulmonary pressure only after 2 min. The 
response to LTC, then remained at this level for several more 
minutes before it slowly subsided. 

When LTC, and histamine were administered as aerosols, 
both effectively increased transpulmonary pressure (Fig. 3). 
However, the ratios of doses required to elicit responses of equal 
magnitude revealed that by this route of administration LTC, 
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Fig. 3 Effects of aerosol administration (solution containing 

indicated amounts of substances nebulized into inspired air) of 

histamine (Hi) and LTC, in the artificially ventilated anaesthetized 

monkey. TPP, transpulmonary pressure; MAP, mean systemic 

arterial pressure; PAP, pulmonary arterial pressure. Po,, Pco, and 

pH were determined in arterial blood samples before, and 4, 7, 25 
and 45 min after nebulization of LTC,. 


was ~100 times more potent than histamine (Table 1). In 
contrast, LTC, and histamine were equipotent when injected. 
This may be at least partly due to LTC, being rapidly metabol- 
ized and eliminated from the circulation, as was recently obser- 
ved when °H-LTC; was injected systemically in monkeys in 
identical conditions '*. On the other hand, nebulized LTC, might 
be inactivated at a considerably slower rate, as indicated from 
experiments where “H-LTC, was incubated with lung tissue in 
vitro'*'6, 

The airway reaction to nebulized LTC, and histamine differed 
markedly in several important respects. Histamine caused a 
reversible increase of transpulmonary pressure, lasting for less 
than 10 min (Fig. 3), and reflected only by minor transient 
changes in PAP and arterial Po,. On the other hand, LTC, 
aerosols evoked long-lasting changes of pulmonary function 
(see Fig. 3). When the response to LTC, was maximal in this 
experiment, transpulmonary pressure had increased by 163%, 
while arterial Po, had decreased from 9.6 to 5.8 kPa. The 
hypoxaemia was accompanied by a severe pulmonary hyper- 
tension, PAP increasing by almost 100%. Induced changes of 
transpulmonary pressure, PAP and Po, only slowly returned to 
normal values over 45 min, even though the animals were 
subjected to positive end expiratory pressure to combat the 
formation of atelectases. Finally, the increase in transpulmonary 
pressure induced by nebulized as well as injected LTC, was 
mainly caused by a reduction of pulmonary dynamic compli- 
ance, whereas pulmonary resistance was only slightly affected. 
Histamine, on the other hand, had relatively little effect on 
compliance, but caused a marked rise in resistance. This obser- 
vation is compatible with the view that LTC, affects peripheral 
airways, as previously suggested for crude SRS-A”. 
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Fig. 4 Isometric recordings of basal tone and contraction 
responses to histamine (Hi), LTC, and LTD, in isolated helical 
strips of monkey trachea. Drugs were added at arrows to the 
indicated final concentration in a Tyrode-containing organ bath, 
and washed away when bath fluid was changed (end of tracing). 
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The view that LTC, is a bronchoconstrictor in the monkey 
gains further support from experiments with isolated tracheal 
strips. Leukotriene C, and its immediate metabolite LTD, 


` potently contracted the monkey trachea (Fig. 4). Note that this 


species was less reactive to leukotrienes, as well as to histamine, 
than are corresponding preparations from guinea pig and 
man‘®1®1°, Nevertheless, the leukotrienes were ~100 times as 
potent as histamine. 

The finding that LTC, elicits pronounced cardiovascular and 
bronchial reactions in the monkey in vivo, and that systemic 
injection of LTC, is accompanied by a reversible drop in circu- 
lating leukocytes suggests that these effects are also applicable in 
man, especially as leukotrienes are active in isolated human 
tissues’”*°, Endogenous leukotrienes may contribute to the 
symptoms of bronchial asthma in man; and the pharmacological 
actions’ exerted by these substances suggest leukotriene 
involvement in a number of other hypersensitivity states, as well 
as in the inflammatory reaction. 

We thank Ms G Fredrickson for technical assistance, Mr R. 
Bentin for animal care and Ms A Lindbom for secretarial help. 
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Diseases. 
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Table 1 C3H (Ir-1a) mice are ‘non-responders’ to TGAL 
Anti-TGAL response 
(normalized)* 

Strain TGAL immunizations* IgM IgGl IgG2a 1gG3 
CIH Primary TGAL i8 2 <3 5 
Primary  TNP-TGAL 7 1 <3 2 

Secondary TNP-TGAL, 
TNP-TGAL 7 1 <3 2 
C3H.SW Primary TGAL 106 100 100 100 
Primary TNP-TGAL 93 113 65 102 

Secondary TNP-TGAL, 
TNP-TGAL $1 319 74 115 


Secondary TGAL/TNP-TGAL 40 409 8&5 116 





Responses measured by radioimmunoassay (RIAY®™?' 2 weeks after the last 
indicated immunization are reported relative to the anti-TGAL primary response 
of each isotype obtained in C3H.SW mice. 

* See Table 4 legend for antigen dosage and immunization schedule. 


(TGAL)*“, commonly considered the prototype of antigens 
which do not induce suppression, actually serves as a potent 
inducer of epitope-specific suppression for antibody responses 
in non-responder mice. 

The induction of epitope-specific suppression is a general 
(albeit recently recognized) immunoregulatory process readily 
demonstrable by sequential immunizations with carrier proteins 
and hapten-carrier conjugates”. Primary immunization with a 
carrier protein induces the delayed appearance of carrier- 
specific suppressor T cells (CTS)*” which persist and induce 
specific suppression for IgG antibody responses to ‘new’ epi- 
topes presented subsequently on the priming carrier. The ‘epi- 
tope-specific’ mechanism responsible for this suppression also 
persists (once induced) and continues to suppress antibody 
responses to the ‘new’ epitope, whether presented subsequently 
on the priming carrier or on a second, unrelated carrier mol- 
ecule. (We have previously referred to this system as hapten 
specific, using the term ‘hapten’ in its more general sense 
(synonymous with epitope) to indicate a relatively small struc- 
ture which induces antibody production when presented on a 
larger (carrier) molecule. The term ‘hapten’, however, is also 
commonly used to distinguish artificially added structures, such 
as the dinitrophenyl group (DNP), from the native epitopes on a 
carrier molecule (antigen). Therefore, to avoid ambiguity, we 
have now substituted the term ‘epitope-specific’ for the previous 
nomenclature.) 

For example, priming with keyhole limpet haemocyanin 
(KLH) and subsequent immunization with the DNP-KLH 
(dinitrophenyl hapten conjugated to KLH) induces specific 
suppression for IgG anti-DNP antibody production*”’. This 
KLH/DNP-KLH-induced suppression then serves with equal 
effectiveness to prevent antibody responses to DNP presented 
either on KLH or on chicken y-globulin (CGG). It does not, 


E ranean tage 

Table 2 Anti-TNP responses to TNP-TGAL are suppressed in C3IH.SW 

(Cresponder’) mice preimmunized with TGAL and fail entirely in C3H (‘non- 
responder’) mice 





Anti-TNP response 


Strain Immunization(s)* IgM IgGl Ig2a IgG3 
(U) (mem!) (agmi (UW) 
C3H TNP-TGAL 144 <3 <} 10 
TNP-TGAL/ 
TNP-TGAL 191 <15 <3 il 
TGAL/TNP-TGAL 106 <3 <j 8 
C3H.SW TNP~TGAL 125 35 13 63 
TNP-TGAL/ 
TNP-TGAL 86 95 16 76 
TGAL/TNP-TGAL 96 <3 <9 12 


eraa ea a reremmieeerrainsisttpss eee 
Anti-TNP responses were measured by RIA 2 weeks after last indicated 
immunization. IgG1 and IgG2a responses are presented as ug antibody per mi 
serum; IgG3 and IgM responses as percentage of response obtained in an adoptive 
secondary ‘standard’ antiserum. 
* See Table 4 legend for antigen dosage and immunization schedule. 


however, interfere with antibody production to either carrier 
molecule. 

Reversing the carriers in the immunization sequence yields 
similar results, that is, CGG/DNP-CGG-induced suppression 
also prevents subsequent anti-DNP responses to either DNP- 
KLH or DNP-CGG. Mismatching carriers (such as KLH/DNP- 
CGG immunization) results, however, in anti-DNP antibody 
production rather than suppression (ref. 6 and L.A.H. and T.T., 
in preparation). Thus epitope-specific suppression is induced by 
carrier-specific interactions but is mediated by an effector 
mechanism that operates without reference to the carrier on 
which a hapten (epitope) is presented. 

Further selectivity displayed by this effector mechanism 
generates a characteristic anti-DNP response pattern in 
suppressed animals: high-affinity anti-DNP antibody produc- 
tion is preferentially suppressed; IgM anti-DNP responses are 
unaffected; IgG1 responses are usually suppressed initially and 
generally ‘escape’ suppression after a second or third stimula- 
tion with DNP; and the remaining IgG isotypes (IgG2a, IgG2b, 
igG3) are universally suppressed at first and generally require 
three or four sequential stimulations with DNP to induce 
substantial escape from suppression (ref. 6 and L.A.H. and T.T., 
in preparation). Therefore, epitope-specific suppression is 
recognizable by both its specificity for the inducing hapten and 
its differential effects on the various immunoglobulin isotype 
responses produced to that hapten. 





Table 3 TGAL/TNP~TGAL immunization induces persistent epitope-specific 
suppression for IgG anti- TNP antibody production in C3H (‘non-responder’) mice 


Serum IgG2a anti-TNP (pg ml’) 
Subsequent immunizations* 


(first) (second) (third) 
Strain Pre-immunization* TNP-KLH TNP-KLH TNP-CGG 
C3H None 35 (2) 68 (60) 85 (40) 
TNP~TGAL 28 (7) 82 (60) 70 (30) 
TGAL/TNP-TGAL <3 9(<1)} 16 (6) 
C3H.SW None 24 (7) 110 (50) 150 (50) 
TNP-TGAL 250 (140) = 370 (220) 160 (50) 
TGAL/TNP-TGAL 14(<1) 180 (70) 160 (50) 





Anti-TNP levels in serum were measured by RIA*°?! 2 weeks after each 
indicated immunization. Relative affinity (shown in parentheses) is calculated from 
ratios of antibody bound to differently substituted TNP conjugates (TNP7~ 
BSA/TNP24~-BSA) based on a standard curve developed for absolute measure- 
ments of anti-DNP binding affinities (K,)7'. 

* Antibody responses to TGAL and TNP-TGAL in these animals are shown in 
Tables 1 and 2 respectively. See Table 4 legend for antigen dosage and immuniza- 
tion schedule. 


We have now used similar immunization sequences and 
response criteria in MHC congenic mice to investigate the 
influence of IR genes on epitope-specific suppression induction 
by TGAL. The C3H (Ir-la) mice used are typically ‘non- 
responsive’ to the TGAL antigen** in that they produce no 
detectable IgG anti-TGAL responses and only a small IgM 
anti- TGAL response, even when stimulated twice with 100 pg 
TGAL on alum. The congenic C3H.SW (Ir-1b) mice, in 
contrast, produce both IgM and IgG anti-TGAL primary anti- 
body responses and show a strong IgG secondary response to 
this antigen (see Table 1). Similarly, C3H mice do not produce 
detectable amounts of IgG antibody to the trinitrophenyl! (TNP) 
hapten presented on TGAL whereas C3H.SW mice stimulated 
with TNP-TGAL produce typical primary and secondary anti- 
TNP responses (see Table 2). 

Surprisingly, this classical difference in responsiveness to 
TGAL disappears when response is measured in terms of epi- 
tope-specific suppression induction by TGAL/TNP-TGAL 
immunization. Both the ‘non-responder’ and ‘responder’ mice 
respond strongly to this immunization sequence by developing a 
persistent suppression for IgG antibody production to TNP (see 
Tables 3 and 4). In fact, the ‘non-responder’ strain (C3H) 
responds even more vigorously than the ‘responder’ in that its 
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Table 4 Epitope-specific suppression in C3H mice shows typical isotype selectivity 
Se a a a et A ee EEE 


Strain Immunizations 
C3H TGAL TNP-TGA  TNP-KLH 
TGAL TNP-~TGAL TNP-KLH TNP-KLH 
TGAL TNP-TGAL TNP-KLH TNP-CGG 
TGAL TNP-TGAL TNP-KLH 


C3H.SW 
i TGAL TNP-TGAL TNP-KLH TNP-KLH 
TGAL TNP-TGAL TNP-KLH TNP-CGG 


“% Of control anti-TNP response* 


IgM IgG1 IgG2a IgG3 
110 19 <11 10 
86 120 il 25 
53 200 23 10 
120 16 6 50 
94 100 47 20 
44 70 100 13 


Immunizations of 100 yg each antigen were given intraperitoneally on alum at 9, 5, 7, 10 and 14 weeks respectively. 
* Serum anti-TNP levels were measured by RIA?™?! 2 weeks after last indicated immunization. Data are presented as the percentage of the 
anti-TNP response obtained in corresponding control groups immunized initially with TNP-TGAL (once) rather than with the TGAL/TNP-TGAL. 


sequence. Absolute control responses for IgG2a are shown in Table 3. 


IgG2a and IgG3 anti-TNP responses generally remain sup- 
pressed following repeated stimulation with TNP (on CGG and 
KLH) whereas these isotype responses escape suppression in 
typical fashion in the ‘responder’ (C3H.SW) strain (see Table 4). 
Thus ‘non-responder’ animals clearly recognize TGAL in an 
immunological context and can use this antigen as a carrier for 
presenting haptens to initiate the induction of epitope-specific 
suppression. 

These findings suggest that TGAL is capable of generating 
functional carrier (TGAL)-specific suppressor T cells which 
induce epitope-specific suppression for TNP on TGAL (as 
KLH-specific suppressor T cells initiate the induction of epi- 
tope-specific suppression in KLH-primed mice)**?. Thus 
although the IR gene controlling responses to TGAL largely 
prevents TGAL-dependent stimulation of T-cell proliferation 
and IgG antibody production, it does not seem to interfere with 
the full set of (TGAL-dependent) T-cell interactions involved in 
the development of carrier-specific suppressor T cells? 

Therefore, in addition to demonstrating that both IR and IS 
genes permit suppression induction, our results indicate that 
certain TGAL-specific T-cell pathways (not readily demon- 
strable by T-cell proliferation assays) remain intact in ‘non- 
responder’ mice, thereby suggesting several possible roles for 
the apparently functionless TGAL-specific T-cell clones 
recently isolated from ‘non-responder’ mice’®. 

Finally, the unhampered induction of. epitope-specific 
suppression in ‘non-responder’ mice suggests that the epitope- 
specific system may provide a versatile effector mechanism 
which permits /-region genes to exert a selective, long-term 
influence on the magnitude and heterogeneity of antibody 
responses. This would explain how certain of these genes can 
modify the composition of antibody responses to epitopes on 
antigens that induce some antibody production in ‘non-respon- 
der’ animals'’"'*. The restricted heterogeneity of these antibody 
responses, the tendency towards production of IgG1 rather than 
IgG2a antibodies and the apparent involvement of suppressor T 
cells in the regulatory process clearly point to epitope-specific 
regulation. Thus we suspect that diagnostic sequential 
immunization protocols similar to those used here would reveal 
the induction of epitope-specific suppression in these partially 
responsive mice. 

TGAL and TNP-TGAL., unlike the antigens discussed above, 
do not induce substantial IgG antibody production in non- 
responder mice (see Tables 1, 2). Furthermore, a single initial 
immunization with TNP-TGAL does not appear to affect 
subsequent anti-TNP responses to TNP on other carriers (see 
Table 3). At face value, therefore, the evidence presented here 
suggests that epitope-specific suppression induction by antigens 
like TNP-TGAL requires prior TGAL priming (or perhaps two 
sequential immunizations with the TNP-TGAL conjugate). 
However, should TNP-TGAL immunization prove to induce 
B-cell memory for TNP in ‘non-responders’ (work in progress), 
this conclusion would have to be modified since the presence of 
such memory B cells in TNP-TGAL-primed animals would 
indicate that the primary level anti- TNP response observed to 


TNP-~KLH in these animals actually represents the weak 
suppression of a potential secondary anti-TNP response. 

That the epitope-specific regulatory system may serve to 
maintain antibody response characteristics dictated initially by 
[-region-defined mechanisms is consistent with evidence from 
studies showing that this system maintains suppression for 
responses prevented initially by the allotype suppression 
mechanism’’ and mediates suppression initiated by carrier- 
specific suppressor T-cell interactions*”. These data suggest that 
the epitope-specific system provides a common effector 
mechanism through which non-responsiveness, whatever its 
genesis, can be maintained. 

Furthermore, because the epitope-specific system suppresses 
responses to individual epitopes regardless of the carrier on 
which the epitope is subsequently presented, it offers a general 
mechanism through which undesirable antibody responses (such 
as to self) can be controlled should an epitope to which non- 
responsiveness has been induced be encountered later on an 
immunogenic carrier. Thus this previously unrecognized 
regulatory system introduces a novel immunological memory 
mechanism capable of being ‘educated’ selectively to suppress 
antibody production to individual epitopes according to condi- 
tions in the regulatory environment when the epitope is first 
introduced. 
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hapten—carrier conjugate and for supplying both conjugated and 
‘native’ TGAL. We also thank Mr Timothy Gadus for technical 
assistance. This work was supported in part by NIH grants 
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During synaptogenesis of the skeletal neuromuscular junction, 
the acetylcholine (ACh) receptors dispersed over the surface of 
the embryonic muscle become highly concentrated at the 
subsynaptic membrane'’, The mechanism by which a nerve 
induces such a modulation of ACh receptor topography is 
unknown. Of various possibilities’, the simplest explanation is 
that the ACh receptors, freely diffusing in the plane of the 
muscle membrane, are trapped at the site of nerve contact“. 
This ‘diffusion-trap’ mechanism is plausible only if the diffusion 
distance covered by the ACh receptors within its lifetime on the 
cell surface is at least comparable with the dimension of the 
embryonic muscle fibre (see also discussion in ref. 1). Photo- 
bleaching studies had suggested that this was not the case. In the 
present study, an electrophysiological method was used to 
measure the lateral diffusion of the dispersed, functional ACh 
receptors in the plasma membrane of cultured Xenopus 
embryonic muscle cells. The results suggest that these ACh 


receptors undergo rapid lateral diffusion with a diffusion 


coefficient of 2.6 x 107° cm’ s~" at 22 °C. This rapid diffusion of 
the dispersed ACh receptors strongly supports a passive 
diffusion-trap mechanism for the localization of ACh receptors 
at the site of nerve-muscle contact. 

The experimental strategy used in this study was to inactivate 
ACh receptors locally on the muscle surface using a-bungaro- 
toxin (@-BTX), a snake toxin that binds irreversibly to the ACh 
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Fig. 1 Recovery of ACh sensitivity after local irreversible inactivation of AChr 
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receptor. The recovery of ACh sensitivity at the site of inactiva- 
tion was mapped by an iontophoretic method® to reveal the 
lateral diffusion of the functional, toxin-free ACh receptors in 
the membrane. In the first series of experiments using a spindle- 
shaped muscle cell, ACh sensitivity was monitored continuously 
by intracellular recording of the membrane depolarizations 
following repetitive ejection of constant ACh pulses from an 
iontophoretic pipette. Local inactivation of ACh receptors was 
achieved by applying a small pulse of a-BTX (50 pg mi’) 
through a micropipette, the tip of which was positioned within 
1 ym of the site of iontophoretic mapping (Fig. 1a). As shown in 
Fig. 1b-d, the local pulse-inactivation resulted in a rapid drop in 
ACh sensitivity, followed by a return of sensitivity to the Original 
level with a time course of the order of minutes. Recovery of 
ACh sensitivity was observed in 15 out of 19 cells successfully 
studied. However, the rate as well as the extent of the recovery 
varied considerably: the greater the extent (or the wider the 
spread) of inactivation, the slower and less complete was the 
recovery. 

The return of ACh sensitivity was not due to functional 
recovery of the inactivated receptors or insertion of newly 
synthesized receptors into the membrane, as (1) it is known that 
a-BTX binding to the ACh receptors is irreversible in the time 
scale of these experiments, and (2) no detectable recovery of 
ACh sensitivity was observed within 10 h when these cells were 
inactivated uniformly by bathing them with a-BTX and then 
extensively washing them with fresh saline. It was not the result 
of some unknown effect of local pressure application during the 
pulse-inactivation, as the same local pressure applied through a 
saline-filled pipette had no effect on the ACh sensitivity. Finally, 
this recovery of ACh sensitivity was blocked by preincubation 
of the cells with saline containing concanavalin A (Con A) 
(100 ug ml'; Sigma) for 8 min before inactivation experiments 
(for all 10 cells studied in two separate cultures). Con A, a 
tetrameric lectin that binds specifically to a -D-glucose or a-D- 
mannose residues of the cell surface carbohydrates, binds and 
immobilizes ACh receptors’®. Taken together, these findings 
strongly suggest that the recovery of ACh sensitivity after local 
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eceptors. Spindle-shaped embryonic Xenopus muscle cells in 14-day-old cultures 


were used in these experiments (for culture methods, see ref. 8). ACh sensitivity at a local spot-on the muscle surface was monitored by an iontophoretic method’. 


Intracellular recordings were made usin g a glass microelectrode filled with 3 M potassium acetate (resistance 80-150 MQ). Microelectrodes (resistance 200-350 MQ) 
for iontophoretic application of ACh were filled with 3 M acetylcholine chloride (Sigma) and required braking currents of 1.0-2.0 nA to prevent ACh leakage from 
the pipette and depolarization of the cells. Constant iontophoretic current pulses of amplitude 5-10 nA and 1 ms duration were delivered through a microelectrode 
preamplifier (Getting) to the ACh pipette near the cell surface. A third glass micropipette having a tip opening of ~2 um was filled with a-BTX ( 50 pg ml!) and 
positioned near the iontophoretic pipette. A small negative {sucking} pressure was applied using a micrometer-controlled syringe during the positioning of the pipette, 
and after the local inactivation. Local inactivation of the ACh receptor was achieved by applying a positive pressure through the toxin pipette. a, Phase-contrast 
micrograph showing representative morphology of spindle-shaped Xenopus muscle cells. together with the positioning of the pipettes for intracellular recording (I), 
iontophoresis (ACh) and toxin application (T}. Scale bar 20 wm. p-d. Continuous d.c. recording of membrane potentials and ACh-induced potentials of three 
different myotomal cells during the local-inactivation experiments. Solid bars indicate the duration of positive-pressure application through the toxin pipette. The 
constant amplitudes of membrane depolarizations resulting from constant ACh current pulses before toxin application suggest that no desensitization of the ACh 
receptor occurred at the frequency of stimulation (~ 1 Hz) used in these experiments. The rate and extent of recovery of ACh-induced response was reduced from c to 
d, as more ACh receptors were inactivated by the toxin. At the start of recording, the membrane potentials of the cells were 96, 92 and 105 mV for the cells in b, c and 
d, respectively, 
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Fig.2 Redistribution of ACh sensitivity after asymmetric inactivation of ACh receptors on two sides of spherical-shaped Xenopus muscle cells in 1}-day-old culture. 
The electrophysiological method used was the same as that described in Fig. 1 legend, except that the toxin pipette was positioned 2-4 um away from the cell surface, 
and the ACh sensitivity was monitored alternately at two opposite poles of the cell, where maximum (R) and minimum (L) inactivation was produced. a, 
Phase-contrast micrograph of a representative spherical muscle cell, showing the positions of the pipettes used for intracellular recording (1), ionotophoresis (ACh) 
and toxin application (T). Scale bar 20 um. b, Alternating recordings of membrane depolarization responses for ACh ejected at two opposite poles of the spherical 
muscle cell in a typical experiment. Before preferential inactivation, the responses were almost identical. After pulse-inactivation with a-BTX, the right side (arrow) 
of the cell was much less sensitive to ACh than the left side (without arrow). This sensitivity asymmetry decayed with time over ~30 min after pulse-inactivation. Solid 
bar represents the duration of positive-pressure application through the toxin pipette. The membrane potential at the start of recording was 102 mV, and it varied by 
<15 mV during the 30-min period. Note the concurrent drop in ACh sensitivity on the left side as that of the right side increased. c, Typical recording of preferential 
inactivation experiments on cells pretreated with Con A. Note the absence of any significant redistribution of ACh sensitivity over a period of 20 min after asymmetric 
receptor inactivation. 


pulse-inactivation represents a redistribution of pre-existing 
functional ACh receptors in the plane of the plasma membrane. 

In the experiments described above, it was difficult to estimate 
quantitatively the diffusion coefficient of the ACh receptors 
from the rate of sensitivity recovery, as the extent and pattern of 
inactivation varied from cell to cell. To resolve this, spherical- 
shaped Xenopus muscle cells (Fig. 2a) were used in a second 
series of experiments, in which an asymmetric inactivation of the 
ACh receptors was produced across the entire surface of the cell. 
The redistribution of functional ACh receptors across the cells 
was then monitored by repetitive comparison of ACh sensitivity 
on the two sides of the cell. The diffusion coefficient of the 
receptors was estimated from the rate of decay of the sensitivity 
asymmetry, which, for a first-order approximation, is deter- 
mined entirely by the size of the cell'”. Representative results 
are shown in Fig. 2b. Depolarizations of the muscle membrane 
in response to identical pulses of ACh ejected at two opposite 
poles of the cells were monitored alternately. As seen in the 
initial few measurements in Fig. 24, almost identical ACh 
sensitivity was detected on the opposite sides of the cell. A 
pipette containing a-BTX was then positioned ~2-4 um from 
one side of the cell and used to pulse-inactivate the ACh 
receptors on the muscle surface, resulting in asymmetric ACh 
sensitivity on the two sides of the cell. Subsequent comparison of 
ACh-induced responses on the two sides of the cell indicated 
that the sensitivity asymmetry decayed with time, suggesting a 
redistribution of the functional ACh receptors across the cell 
surface. 

The redistribution of ACh sensitivity was determined quan- 
titatively by plotting sensitivity asymmetry index against time 
after asymmetric inactivation. The asymmetry index (A) is 
jJefined by A =(V,— Vz,)/(V,+ Va), where Va and Vp are 
average peak amplitudes of membrane depolarization induced 
by identical iontophoretic ACh pulses on the minimally and 
maximally inactivated sides of the cell, respectively. The use of 
peak amplitude of ACh potential as a simple representation of 
ACh sensitivity in this formula was considered satisfactory, as 
these indices differed by <5% (average of three comparisons) 
from those calculated using ACh sensitivity determined by the 
2onventional method in terms of mV/nC (see for example, ref. 
5). Assuming the surface concentration of ACh receptors to be 
linearly proportional to the ACh sensitivity, the rate of decay of 


the asymmetry indices can be used to calculate the diffusion 
coefficient of the ACh receptors in the membrane. Previous 
analyses of the diffusion process on the surface of a spherical 
cell?'' indicated that the diffusion coefficient (D) of the 
anining molecule is related to the radius (r,) of the cell by 
D = r}/2ta, where ft, is the characteristic 1/e decay time of the 
asymmetry in the surface distribution. In a 14-day-old culture, 
the average diffusion coefficient of the ACh receptors deter- 
mined by this method was 2.6 (+1.6)x 10° cm’s"' at 22°C 
(+s.d., 14 cells from four separate cultures). Figure 3 shows an 
analysis of the decay of ACh sensitivity asymmetry in three 
different cells. Note that the ACh receptor density may be 
related nonlinearly to the ACh sensitivity'*. However, because 
the time course of the decay in sensitivity asymmetry agreed 
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Fig.3 Asymmetry in ACh sensitivity at two opposite poles of the 
spherical Xenopus muscle cells, plotted against the time after 
pulse-inactivation with a-BTX of ACh receptors at one pole. 
Asymmetry was determined as described in the text. Open symbols 
represent recordings from three different cells of a 14-day-old 
culture. Solid curves represent the best least-squares fit to these 
three sets of data with first-order decay kinetics, including points 
beyond 20 min. The characteristic 1/e times for the decay were 
11.0, 12.8 and 11.8 min, respectively, for cells of radius 23, 20 and 
20 um. These decay rates suggest a diffusion coefficient for the 
ACh receptors of 4.0, 2.5 and 2.7x 10 °cm’s ', respectively. 
Sclid symbols represent two sets of recordings from cells 
pretreated with Con A (100 yg ml ', 8-min preincubation). 
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satisfactorily with first-order decay kinetics (see Fig. 3), the 
nonlinearity of the receptor-sensitivity relationship is probably 
negligible in the present analysis. 

The diffusion coefficient of ACh receptors in the embryonic 
Xenopus muscle observed here is surprisingly similar to that 
found for rhodopsin in the photoreceptor disk membrane’, for 
surface antigens on cultured muscle fibres'* and for several 
lectin receptors” in the same Xenopus muscle cells as used in 
the present study. However, the diffusion coefficient is 50-fold 
higher than that found for ACh receptor—toxin complexes in rat 
myotube culture by the fluorescence photobleaching method". 
In addition, whereas 25% of the dispersed receptors were found 
to be immobile in photobleaching studies'*, I found no evidence 
of immobile fractions of the dispersed ACh receptors in these 
cultured muscle cells. The asymmetry in ACh sensitivity (result- 
ing from asymmetric inactivation) always decays to a level close 
to zero, regardless of the extent of inactivation. For example, in 
the experiment represented by open circles in Fig. 3, asymmetric 
inactivation resulted in ~93% and 12% inactivation on the two 
sides of the cell, respectively (asymmetry index = 0.85). If 25% 
of the ACh receptors are immobile in the membrane, there 
should be a persistent asymmetry of ~0.2, whereas the data 
indicate that the asymmetry had decayed to <0.06 within 
30 min. The reason for the discrepancy between my results and 
those from photobleaching studies is unknown. In addition to 
the possibility of species difference, the binding of a-BTX, a 
prerequisite for the photobleaching method, may greatly affect 
the rate of lateral diffusion of the ACh receptors. Diffusion 
measurements of ACh receptors by both methods using the 
same cell type are now being made. 

Recent studies have shown a rapid accumulation of ACh 
receptors at nerve-muscle contacts in culture'®'’, Extensive 
rearrangement of ACh receptor topography over a distance of 
~50 um was observed within 6h after the nerve contact??? 
The rate of lateral diffusion (D = 2.6 10°? cm’? s"') of ACh 
receptors reported here indicates that within 6h (1), an ACh 
receptor is capable of diffusing laterally over an average distance 
(E) of 150 ym (s°=4Dr). A simple passive diffusion-trap 
mechanism could thus account for the lateral rearrangement of 
ACh receptor topography induced by the nerve contact. By 
assuming that the nerve terminal region serves as a ‘sticky zone’ 
for trapping diffusing extrajunctional ACh receptors, Edwards 
and Frisch* also concluded that a diffusion-trap mechanism 
could account for the localization of ACh receptors at mature 
muscle endplates if the diffusion coefficient of the extra- 
junctional ACh receptors is 2 x 107° cm’ s”' or higher. 

Various cellular processes could provide a trapping 
mechanism at the site of nerve contact. The surface of the nerve 
terminal may contain molecular groups that bind specifically to 
the ACh receptors in the muscle membrane. The nerve terminal 
may release locally trophic substances??? which promote 
aggregation of the ACh receptors near the site of release. 
Alternatively, contact by the nerve terminal may alter the 
surface properties of the muscle membrane in a way that favours 
electrodynamic (van der Waals’) attraction™ among the ACh 
receptors, leading to formation of receptor aggregates at the site 
of contact. This last process seems the most likely mechanism for 
the induction of ACh receptor aggregates by nonspecific means, 
for example, contact with the culture substratum“, with pieces 
of thread” or with positively charged latex beads”° placed on top 
of the cell. 

I have demonstrated a rapid diffusional movement of a 
specific, functional membrane protein/ionic channel in the 
plane of the plasma membrane which, together with a previous 
report”, completes the description of both electrophoretic and 
diffusional mobilities of a defined membrane protein in situ. The 
rapidity of the lateral diffusion of the ACh receptor in the 
embryonic muscle membrane supports the notion that an 
efficient localization of the receptor can be achieved during 
Synapotogenesis by a passive diffusion-trap mechanism. Finally, 
the asymmetric inactivation method reported here may also 
prove useful in examining the diffusional mobility of other 
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membrane receptors/ionic channels, for which inhibitory 
ligands of relatively high affinity are available. 

I thank Drs S. E. Fraser, D. Petersen, S. Young and I. Chow 
for helpful discussion and comments. This work was supported 
by grants from the NSF and NIH. 
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An association between mitochondria and microtubules has 
been suggested from microscopic studies’? and by the cellular 
redistribution of mitochondria that is induced by colcemid, 
which disrupts microtubules’. Intermediate filaments have also 
been proposed to interact with mitochondria’. To investigate 
this association further, we have now studied the effect on the 
cytoskeleton of impairment of mitochondrial functions induced 
by three metabolic inhibitors: sodium azide, which inhibits 
eléctron transport; cligomycin, which inhibits ATP synthetase; 
and  carbonyicyanide p-trifluoromethoxyphenylhydrazone 
(FCCP), a proton ionophore which uncouples electron trans- 
port from ATP synthesis. We have found that treatment of cells 
with FCCP leads to a disruption of microtubules and an aggre- 
gation of vimentin filaments. This effect is not provoked by 
mitochondrial ATP depletion, but could be linked to another 
event related to the rapid dissipation of the mitochondrial 
electrochemical gradient. | 

FCCP induced a disruption of HeLa cell microtubules (Fig. lc 
and Table 1) which was complete after 1h. The only tubulin- 
positive structures observed were midbodies and juxtanuclear 
microtubule-organizing centres (MTOC). After 6h treatment, 
short microtubules were seen regrowing from the MTOC. 
However, this might be linked to the inactivation of FCCP 
because it was correlated with the reappearance of mitochon- 
drion-specific staining by rhodamine-123, which requires a high 
transmembrane potential’. This staining was totally absent dur- 
ing the first hours of FCCP treatment (data not shown). 

FCCP had a slower effect on vimentin filaments. The filaments 
began to aggregate after 1h treatment and had gathered as 
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perinuclear bundles after 6 h (Fig. 1d). The distribution of actin, 
which in our culture conditions was seen mainly as a pericellular 
network, with numerous microspikes and few stress fibres, was 
apparently unchanged. The effects of FCCP on cytoskeletal 
components were absent with doses below 10° °M, detectable at 
2x 10°°M and complete at =3 x 10° °M. 

We have established that the doses of FCCP used were 
non-toxic for the cells. The normal microtubule pattern re- 
turned about 6h after removal of the drug. 2,4-dinitrophenol 
(DNP) showed a similar but weaker effect compared with FCCP. 
The highest DNP dose we could use without provoking an effect 
due to the solvent (ethanol) was 2.5 x 107° M. In such conditions 
many of the microtubules disappeared, and MTOC could be 
easily identified. Loose bundles of vimentin filaments were 
observed around the nuclei, distributed in a different pattern 
from that seen in control cells (data not shown). The effects of 
FCCP were similar to those obtained with 107 M nocodazole 
(Fig. 1g,h), which inhibits microtubule polymerization’, the only 
difference being that MTOC were more easily identified after 
FCCP treatment than after nocodazole treatment. To control 
for the method used, we applied cold treatment‘ to verify that 





Fig. 1 Immunocytochemical staining of HeLa cells cultivated in 
Eagle’s minimal essential medium (modified) supplemented with 10% 
fetal calf serum. Cells cultured for 48 h on glass coverslips were washed 
for 5 s at room temperature with an extraction buffer, pH 6.9, modified 
from Schliwa et al.'', containing 45mM PIPES, 45mM HEPES, 
5 mM MgCl}, 10 mM EGTA, 1 mM sodium tetrathionate and 1 mM 
phenylmethylsulphonyl fluoride. They were lysed in extraction buffer 
supplemented with 1% Titron X-100 for 30s, washed in extraction 
buffer, then fixed with 2% glutaraldehyde in the same buffer for 10 min 
at 20°C. After three washes in 10 mM Tris-HCl pH 7.4, 100 mM NaCl 
(TBS), glutaraldehyde was neutralized with 1% bovine serum albumin 
in TBS for 1 h at 20°C. Immunocytochemical staining of the cells was 
accomplished using purified sheep anti-tubulin antibodies or purified 
sheep anti-vimentin antibodies followed by peroxidase-labelled purified 
rabbit anti-sheep immunoglobulin antibodies as described previously’ 

except that all incubations and washes were performed in the presence 
of 0.1% Tween-20. a, b, Control cultures; c, d, cultures treated with 
4x107" M FCCP; e, f, cultures treated with 10°° M sodium azide; g, h, 
cultures treated with 10°°M nocodazole; i, k, cold-treated cultures. 
a,c, e, g, i, Anti-tubulin staining after 2h treatment; b, d, f, h, k, anti- 

vimentin staining after 6 h treatment. x 240. 
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Table 1 Effects of various treatments on the pattern of cytoskeletal elements in 
HeLa cells 
Action on 
Treatment mitochondrial Action on the pattern of: 
(1-6 h at 37 °C) metabolism* Tubulin Vimentin Actin 
FCCP H* ionophore Disruption Collapse None 
3xi0°°M uncoupler 
(107% M) 
DNP H* ionophore Disruption Collapse None 
2.5x10 °M uncoupler (weak) (weak) 
(107° M) 
NaN, Inhibition of None None None 
10° M electron transport 
(1077 M) 
Oligomycin Inhibition of None None None 
2.5x10*M ATP synthetase 
(107* M) 


These effects were judged by immunocytochemistry as described in Fig. 1 
legend, using purified anti-tubulin, anti-vimentin and anti-actin antibodies. 

* Values in parentheses are the minimal dose decreasing the transmembrane 
potential’, 


the collapse of vimentin filaments did not occur during cell 
extraction with Triton X-100 in the absence of a normal micro- 
tubule network (Fig. 1i, k). In this latter case MTOC were 
particularly well detected. Furthermore, the collapse of vimen- 
tin filaments was also observed in human lymphoblastoid cells 
(KE 37 cell line) after only 30 min treatment with FCCP (data 
not shown). 

An energy requirement has been demonstrated for micro- 
tubule growth from MTOC in living cells”’, although in one case 
with very high doses of metabolic inhibitors®. However as 
reported by others for microtubule network’*, sodium azide 
(107M, Fig. 1le,f) and oligomycin (2.5x10°*M, data not 
shown) had no detectable effect on any of the three cytoskeletal 
components, indicating that FCCP was not acting via mito- 
chondrial ATP depletion. 

It is known? that FCCP is causing rapid dissipation of the 
mitochondrial electrochemical gradient; this could modify the 
local environment of the mitochondria and thus of the micro- 
tubules and so affect the stability of the latter. For example, a pH 
dependency of microtubule stability has been reported’. It is 
also known that a calcium efflux from mitochondria is correlated 
with membrane potential collapse’’. Schliwa et al.'’ have 
recently shown that 10°° M calcium induces disassembly of the 
microtubule network. Such effects could occur through a modu- 
lation of the activity of microtubule-associated proteins. In this 
connection it has been reported? that the colcemid-induced 
depo'ymerization of microtubules in cells is controlled by an 
ATP-dependent reaction probably a phosphorylation of some 
of the microtubule proteins. Although a direct effect of FCCP on 
microtubules cannot be ruled out, we have observed only a slight 
effect of FCCP on in vitro polymerization of rat brain tubulin 
over a wide range of drug concentrations (work in progress). 
Moreover, electron microscopic observation of microtubules 
polymerized in the presence of 4x 10-°M FCCP showed no 
detectable effect on either microtubule number or length rela- 
tive to control conditions. An effect on nucleating centres is 
another possibility, and centrioles, which are the primary 
MTOC, have also been proposed to be involved in the 
organization of the vimentin network'*. These possibilities are 
now being investigated. 

We thank Dr D. Paulin for the gift of the anti-vimentin 
antibodies and Dr E. Karsenti for the gift of the anti-actin 
antibodies. This work was supported by DGRST grant 
80.7.0155. 
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Exocytosis of neurotransmitters, hormones and other secretory 
products from many cell types is initiated by a rise in the 
intracellular free calcium ion concentration’. By analogy with 
excitation—contraction coupling in muscle’, calcium-triggered 
acto—myosin interactions have been postulated to push or pull 
the secretory granule to the plasma membrane'*~. Indeed, 
there have been several reports of actin interacting with 
membranes of secretory vesicles from the adrenal medulla 
(chromaffin granules)’~'*. Using sedimentation techniques and 
a novel application "+ of falling ball viscometry'*'* to measure 
actin binding to membranes, we show here that purified 
chromaffin granule membranes bind and cause large increases in 
the viscosity of F-actin. The actin-binding activity of the 
membranes is trypsin sensitive and thermolabile and inter- 
actions between membranes and actin are reversibly inhibited 
by raising the free calcium ion concentration, [Ca**],,.., above 
10~’ M. We propose that regulation of actin-chromaffin granule 
_ membrane interactions may be critical for organelle movement 
to the plasma membrane during calcium-mediated exocytosis in 
the chromaffin cell. 

Intracellular organelles such as chromaffin granules are 
particularly suitable for studying interactions between 
membranes and filamentous cytoskeletal elements such as actin 
because the cytoplasmic surface of these organelles is immedi- 
ately accessible experimentally. We have used a low-shear 
viscometric technique'*'* to study these interactions partly 
because it is a sensitive and convenient method to measure 
F-actin binding to membranes'*'* but also because it may 
indicate how interactions between F-actin and chromaffin 
granules might contribute to cytoplasmic structure and consis- 
tency". This approach is thus an extension of that used pre- 
viously to study gelation of actin-containing cytoplasmic 
extracts"? 615, 

Purified chromaffin granule membranes cause large increases 
in the apparent viscosity of purified rabbit skeletal muscle 
F-actin (Fig. 1a) in conditions that may approximate the resting 
intracellular environment (pH 6.8, 20 mM KCI, 1-2 mM MgCl, 
[Ca ]ree < 10°’ M, 30°C). (The effect of pH, KCI, MgCl, and 
ATP on membrane~actin interactions is described in ref. 17.) 
Increasing the membrane protein added to the F-actin to > 2.5 
mg ml‘ results in the formation of a solid gel through which the 
ball does not fall. The ability of membranes to induce increases 
in the apparent viscosity of F-actin is almost completely abol- 
ished by prior heating of the membranes at 60 °C for 15 min (not 
shown) or at 100 °C for 2 min (Fig. la), and chromaffin granule 
membranes alone have a viscosity equivalent to that of the 
buffer (~1 cP), at all concentrations of membrane protein 
tested. The ability of membranes to bind (see below) and cause 
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increases in the apparent viscosity of F-actin (Fig. 1a) is not an 
artefact of the lysis and purification procedure, as intact 
chromaffin granules prepared by centrifugation through a 1.8 M 
sucrose shelf also bind and induce increases in the viscosity of 
F-actin", 

Pelleting of F-actin with chromaffin granule membranes in 
conditions that do not pellet F-actin alone (Fig. 15) confirms that 
these increases in apparent viscosity do, in fact, represent actin 
binding to the membrane’*'*. Moreover, the amount of F-actin 
pelleting with membranes is reduced by ~75% after heat 
treatment of the membranes (Fig. 16), as determined by quan- 
titative densitometry of the Coomassie blue-stained gels. 
However, note that because the membrane-induced increases in 
apparent viscosity of actin are not linearly related to the number 
of F-actin binding sites on the membranes (Fig. La), and because 
membranes may bind actin in ways that do not lead to increases 
in viscosity'*'*, the low-shear viscometric assay cannot be 
compared quantitatively with the pelleting assay. 

The effect of previous heating of membranes on their inter- 
actions with actin suggests that the actin-binding components on 
the membrane are proteinaceous. Indeed, treatment of 
membranes with trypsin selectively proteolyses certain of the 
membrane polypeptides (Fig. 2a) and also abolishes completely 
the ability of membranes to induce increases in the apparent 
viscosity of F-actin (Fig. 2b). Controls using trypsin that had 
been pretreated with soybean trypsin inhibitor, or soybean 
trypsin inhibitor alone (Fig. 2), demonstrated that the effect of 
trypsin is not due to a spurious, non-proteolytic action on the 
membranes. The effect of trypsin was also not due to an effect on 
the actin itself, as trypsin pretreated with soybean trypsin 
inhibitor had no effect on the apparent viscosity of actin in the 
absence of membranes, and SDS-polyacrylamide gel elec- 
trophoresis of trypsin-treated membranes plus actin revealed 
that the actin was not detectably proteolysed. 

The actin-binding site(s) may differ from the a-actinin-like 
actin-binding component reported to be present on the 
chromaffin granule membrane'”'*, inasmuch as we prepared 
membranes in conditions (low ionic strength, no Mg’*) that have 
been reported to elute this a-actinin-like component from the 
membrane’. In contrast to the actin-binding activity of 
chromaffin granule membranes described by Burridge and Phil- 
lips*, we have also observed no differences between membranes 
prepared in 150 mM KCI or in isosmotic sucrose media. Finally, 
Wilkins and Lin'’ recently suggested that exogenous actin may 
bind to chromaffin granule membranes by polymerizing off 
pre-existing actin seeds on the membrane. However, in contrast 
to our results'’, actin binding to membranes in their experiments 
was strictly dependent on the presence of MgCl. 

The calcium dependence of exocytosis’ led us to examine the 
effect of calcium on interactions between chromaffin granule 
membranes and F-actin. We found that raising the free calcium 
ion concentration to micromolar levels inhibited the increases in 
apparent viscosity of F-actin induced by purified chromaffin 
granule membranes, while having no detectable effect on the 
apparent viscosity of F-actin alone (Fig. 3a). The small increases 
in viscosity of F-actin caused by heat-treated membranes were 
unaffected by changes in the [Ca**],,.. (not shown). Although it 
is uncertain why the increases in apparent viscosity were 
inhibited more in some experiments than in others (compare 
different symbols in Fig. 3a), this may, for example, have been 
due to variable amounts of a calcium-regulatory factor present 
in different preparations of chromaffin granule membranes. 

If the changes in viscosity as a fraction of the maximal viscosity 
observed in each experiment are averaged for each pCa (—log 
[Ca "]ree), we Obtain the graph shown in Fig. 3b. The [Ca?*},,.. at 
which the increases in apparent viscosity are half-maximally 
inhibited is ~ 2.6 10° M, which is comparable to free Ca?* 
concentrations which cause half-maximal inhibition of actin 
gelation in cytoplasmic extracts from non-muscle cells 151671829 
and inhibition of actin cross-linking and gelation by various 
purified proteins'*’°7', but rather less than the micromolar 
levels that induce release of granule contents from chromaffin 
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Fig. 1 a, Apparent viscosity 
(7 cP) plotted against concen- 
tration of membrane protein for 
chromaffin granule membranes 
plus F-actin (@, E, A, V, @) or 400 
heat-treated membranes (2 
min, 100°C) plus F-actin (N, 
A). Each symbol represents a 
separate experiment using a 
different membrane prepara- 
tion. Membranes were mixed 
with 0.8mgml"' F-actin and 
incubated at 30°C for 1h in a 
buffer containing 40 mM PIPES 
pH 6.8, 20mM KCl, 1 mM 
MgCl, and [Ca**],,,.. buffered to 
~4x10"M with 'SmM 
EGTA (see Fig. 3). Viscosity 
was measured using a low-shear 
falling ball viscometer'*'® as 
previously described'*'*'’. b, 
SDS-polyacrylamide gels of 
pellets obtained from the 
centrifugation of (1) chromaffin 
granule membranes, (2) 
membranes plus F-actin, (3) 
heat-treated membranes 
(60°C, 15 min) plus F-actin, 
and (4) F-actin alone. 
Membranes (0.5 mg ml‘) with 
or without 0.4 mg ml”! F-actin 
were incubated as described 
above and centrifuged through 
a 15% sucrose shelf to separate 
membrane-bound from 
unbound actin'*. After solu- 
bilization of pellets in electro- 0 
phoresis sample buffer'*, 25 pl 05 15 25 
of each sample were electro- 

phoresed on 7.5-15% linear Membrane protein (mg ml~ ') 
gradient polyacrylamide slab 

gels using the discontinuous 

buffer system of Laemmli’. Chromaffin granules were prepared from bovine adrenal medullae essentially as described by Bartlett and Smith”, except that the 
sucrose solutions were buffered to pH 7.6-7.8 with 40 mM HEPES, and contained 1 mM EDTA, 1 mM phenylmethylsulphonyl fluoride (PMSF), 1 mM dithiothreitol 
(DTT) and 0.87% ethanol”. Membranes were prepared by lysis of granules at 0 °C in 5 mM HEPES pH 7.6-7.8, 1 mM EDTA, 1 mM PMSF, 1 mM DTT, 0.87% 
ethanol and separated from contaminating mitochondria, lysosomes and other cellular debris '”"'*? by centrifugation over a 1.0 M sucrose shelf made up in the same 
buffer (26,000 r.p.m. in Beckman SW 27 rotor at 2-4 °C for 60 min)'’. The chromaffin granule membranes accumulated as an intense salmon-pink layer on top of the 
1.0 M sucrose and were collected, washed twice, then resuspended in a small volume of the 5 mM HEPES lysis buffer to give ~4-5 mg ml ' membrane protein. 
Membranes were stored on ice for up to 10 days with no loss of actin binding activity. Actin was prepared from an acetone powder of rabbit skeletal muscle with one or 
two cycles of polymerization and sedimentation from 0.8 M KCI (ref. 34), and was depolymerized and stored as previously described'*. F-actin was polymerized at 
5-7 mg ml in 100 mM KCI, 2 mM MgATP at 30°C for 30-60 min before mixing with chromaffin granule membranes. 
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Fig. 2 Effect of trypsin treatment on a, 7.5-15% SDS-poly- 

h acrylamide gel profiles of chromaffin granule membrane proteins 
200 and 4, the apparent viscosity, » (cP) of chromaffin granule 
membranes plus F-actin. Lane 1 (@), untreated chromaffin granule 

membranes; lane 2 (W), control membranes treated with soybean 

trypsin inhibitor; lane 3 (A), control membranes treated with 

trypsin that had been preincubated with soybean trypsin inhibitor; 

and lane 4 (@), trypsin-treated membranes. Chromaffin granule 

membranes were incubated with 100 pg ml‘ trypsin (Worthing- 

ton) at 30°C for 15 min, followed by an additional 15 min in the 

presence of 200 pg ml soybean trypsin inhibitor (SBTI; Sigma), 

and then washed by centrifugation (20,000 r.p.m. in a Sorvall 

100 SS-34 rotor for 45 min) through a 5% sucrose shelf, As controls, 
membranes were incubated with SBTI alone at 30 °C for 15 min or 

with trypsin that had been pretreated with SBTI at 30°C for 15 

min, before washing. Samples were resuspended to equivalent 

volumes in the 5 mM HEPES buffer (see Fig. 1 legend) by homo- 

genization and then solubilized for SDS-polyacrylamide gel elec- 

trophoresis or tested for their ability to induce increases in the 

apparent viscosity of F-actin. As trypsin treatment released ~ 35% 

of the total membrane protein into the supernatant, the apparent 

viscosity is plotted as a function of the volume (pl) of membranes 


Apparent y (cP) 





0 20 20 added to the 150-l assay mixture instead of as a function of the 
| E Y membrane protein concentration. 10 pl of untreated membranes 
ions Chromaffin granule membranes (yl) correspond to 0.26 mg ml ! membrane protein in this experiment. 


cells having leaky plasma membranes’. Raising the [Ca?*]ee affinity of actin for (some of) its binding sites, thus resulting in 
above 5x10°°M, up to 10°M, has no further effect on fewer actin filaments bound to the membrane and hence lower 
membrane-actin interactions. viscosities. Alternatively, a calcium-dependent influence of 

The mechanism by which micromolar free calcium ion some membrane component on actin filament length, 
concentrations inhibit membrane-induced increases in the analogous to the calcium-mediated action of gelsolin’, or 
apparent viscosity of F-actin is unclear. Calcium may reduce the possibly a membrane-mediated effect on the degree of actin 
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polymerization, could also account for the reductions in 
apparent viscosity. However, we demonstrated that the effects 
of varying the free calcium ion concentration on membrane- 
actin interactions are reversible, and ruled out the possibility 
that a calcium-activated protease causes the inhibition of the 
membrane-induced increases in apparent viscosity of F-actin. 
The apparent viscosity of membranes plus actin pre- 
incubated at a high free calcium ion concentration (~ 107° M) 
returns to twice the original viscosity on reducing the free 
calcium ion concentration to ~ 10°’ M (Fig. 4b). Conversely, 
the apparent viscosity of membranes plus actin preincubated at a 
low free calcium ion concentration recovers to only ~50% of 
the original viscosity after raising the [Ca**],,.. to ~ 107° M (Fig. 
4a). If the free calcium ion concentration is unchanged, but the 
mixture is vortexed, the viscosity of the membranes plus actin 
preincubated at low (Fig. 4a) or high (Fig. 4b) free calcium ion 
concentrations recovers completely to the premixing viscosity, 
albeit at a slower rate, Thus, these mixtures are thixotropic. 

Additional evidence against involvement of a calcium- 
activated protease in calcium inhibition of membrane—actin 
interactions is that SDS-polyacrylamide gels of membranes 
incubated with actin are not detectably affected by increasing 
the free calcium ion concentration (not shown). The component 
conferring calcium sensitivity on these interactions does not 
seem to be calmodulin as up to 100 uM trifluoperazine (a drug 
which inhibits calmodulin function?) does not reverse the 
inhibition by calcium. Minor contaminants which have been 
reported in conventional preparations of rabbit skeletal muscle 
actin’ are probably not responsible as membrane-induced 
increases in apparent viscosity of actin purified by gel filtration” 
were also calcium sensitive. 

The ability of purified chromaffin granule membranes to bind 
and cause large increases in the apparent viscosity of F-actin 
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Fig. 3 a, Effect of the free calcium ion concentration (expressed as —log 
[Ca**],e. = pCa) on the apparent viscosity of chromaffin granule membranes 
plus F-actin (@, E, A, ©, V, *) and on F-actin alone (O, fl, 4, ©). Each 
symbol represents a separate. experiment using a different membrane pre- 
paration. b, Fractional change in viscosity of membranes plus actin as a 
function of pCa. The lowest viscosity measured in each experiment was 
subtracted from the other measured values to give the change in viscosity for 
each free calcium ion concentration. These values were then divided by the 
maximum viscosity (which always occurred at pCa 7.58 or 7.26) to compare 
results from separate experiments. The points represents means +s.d. (error 
bars). The curve was drawn (ignoring the two.extremes) using a least-squares 
fit to the Hill equation. The y-intercept of this line = — 7.3, the slope = 1.1 
and correlation coefficient, r= 0.92. For these experiments, membranes 
were dialysed overnight at 0 °C against a large volume of the 5 mM HEPES 
buffer (Fig. 1) containing 1mM EGTA instead of EDTA. Chromaffin 
granule membranes (fina! concentrations 2.18 (@}, 2.44 (WB), 2.44 (A), 2.16 
(F), 2.70 (@) and 2.50 (+) mg mI‘) were mixed with 0.8 mg m! * F-actin for 
viscosity measurements as described in Fig. 2 legend: The [Ca% ree WAS 
adjusted by addition of an appropriate stock to give calcium-EGTA buffer 
(pH 6.8) final concentrations of 5 mM EGTA and 0.095-~4.975 mM CaCl; 
the free calcium ion concentration for each data point was calculated 
according to Caldwell’ using a K,,,, of 1.95 x 10°. Other conditions were as 
in Fig. 1. 
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Fig.4 a, Effect of preincubation at 2.7 x 10°" M[Ca?*],,,. on the apparent 
viscosity of chromaffin granule membranes plus F-actin incubated 
subsequently at 2.7 x 10°° M (@) or 1.6 x 10°° M (O) [Ca?*].... b, Effect of 
preincubation at 1.5x10°°M [Ca?*],,. on the apparent viscosity of 
chromaffin granule membranes plus F-actin incubated subsequently at 1.0 x 
107 M (@) or 3.4 x 10°°M (©) [Ca lee. Duplicate samples of chromaffin 
granule membranes (final concentration 2.14 mg mi) were mixed with 
0.8 mg mi“! F-actin in assay buffer at low or high (Ca? l.. as indicated 
above, using 2.0 mM EGTA buffer. For viscosity measurements, one set of 
samples was incubated im micropipettes at 30°C for the indicated times. 
Parallel samples were incubated in test tubes at 30°C for 1h. At the time 
indicated by the arrow, the [Ca**],,.. was readjusted by addition of a small 
volume of an appropriate stock Ca**/EGTA buffer, the sample was mixed 
by vortexing (broken line} and then drawn up into micropipettes and 
incubated at 30 °C for the indicated times before measuring the viscosities. 
The total calcium and EGTA concentrations during the incubations after the 
vortexing were (a, @) 0.51 and 10.40, (a, ©) 9.10 and 12.07, (b, @) 2.01 and 
12.07, (b, ©) 9.02 and 10.4 mM, respectively. The free calcium ion concen- 
trations were calculated as described in Fig. 3 legend. 


suggests that the membrane vesicles may bind more than one 
actin filament and, vice versa, that an actin filament may asso- 
ciate with more than cne membrane vesicle so as to generate an 
extensive cross-linked network or gel'*"’*, It is possible that such 
interactions may have a significant role in the maintenance of 
cytoplasmic structure and consistency in the chromaffin cell, as 
chromaffin granules comprise ~ 13.5% of the total cells cyto- 
plasmic volume”. This corresponds to a concentration of ~ 30 
mg ml~' membrane protein (assuming the density of the granule 
to be 1.12 gml™' and the membrane protein to be 20% of the 
total granule protein’), which would be expected to generate an 
apparent viscosity much greater than that measured in our assay 
(Fig. 1a). Moreover, we measured increases in apparent 
viscosity of only 0.8 mg ml”! F-actin, whereas the cytoplasmic 
actin concentration is likely to be nearer 3-4 mg ml” (ref. 27). 
Thus, chromaffin granules could be securely embedded within 
and attached to a cytoskeletal actin filament network in vivo. 

Inhibition of chromaffin granule membrane-actin inter- 
actions by free calcium ion concentrations that are thought to 
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activate exocytosis and other cellular movements in vivo? +5 7778 


leads us to propose that dissociation of the chromaffin granules 
from a cytoskeletal actin filament network may be necessary for 
their movement to the plasma membrane during exocytosis In 
addition, regulation of the association of chromaffin granules 
with an actin network by changes in the free calc1um 10n 
concentration, or by other factors’’, could potentially control 
membrane recovery processes following exocytosis, as well as 
intracellular translocation of the secretory vesicles from their 
sites of synthesis and assembly to a more peripheral location ın 
the cell ın preparation for exocytosis 

V MF isa Fellow of the Jane Coffin Childs Memorial Fund 
for Medical Research 
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Isolation and structure of dynorphin, 
an opioid peptide, 
from porcine duodenum 
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The presence of endogenous ligands of opiate receptors in 
gastrointestinal organs has been demonstrated by both bioassay 
and immunoassay but so far no ligand has been precisely 
identified. We report here the purification from porcine 
duodenum of an opioid peptide whose structure coincides with 
that of the pituitary opioid, dynorphin’. Only the N-terminal 
tridecapeptide of pituitary dynorphin has been published; we 
have now determined the complete sequence of duodenal 
dynorphin, and measured its content in the duodenum by 
radioimmunoassay’. We report here that the complete 
heptadecapeptide has almost the same potency as dynorphin,_1; 
in two bioassays. 


Figure 1 shows an outline of the purification procedure We 
used as starting material the vasoactive intestinal peptide (VIP) 
fraction (1 kg) obtained from 200,000 porcine duodena? The 
crude material was purified by CM-cellulose and CM-Sephadex 
column chromatography using a linear gradient of sodium 
phosphate (20mM, pH 10 to 100mM, pH 12) The active 
material thus obtained was then applied ın succession to two 
Bio-Gel P6 columns When the column was developed with 
a basic solvent (0 1M NH.,HCOs, pH 8), opioid activities 
emerged coincidently with the salt peak, the column was then 
eluted with an acidic solvent (0 1 M acetic acid), which gave one 
major peak of activity eluting immediately after the salt peak 
The strong affinity of the opioid peptide for Bio-Gel allowed its 
effective separation from large amounts of inactive material 
Further purification was achieved by HPLC first using Nucleosil 
C18 and then Phenyl (Macherly-Nagel) columns Opuoid activi- 
ties were determined using bioassays on guinea pig ileum pre- 
parations* and dynorphin-like immunoactivities were estimated 
by the method of Ghazarossian et al? 


Crude VIP fraction( 1 kg) obta*ned from 200,000 
porcine duodena 


| 


CM-cellulose column chromatography 


Gel filtration on Sephadex G25 ( 78g ) 


| 


CM-Sephadex C25 column chromatography ( 20g wet wt ) 


| 


Bio-Gel P6 with 0 IM NH,HCO,, pH 8 


Bio-Gel P6 with 01M acetic acid 


| 


HPLC (Nucleosil C18, 4 6X 250 mm), 45-min gradient 
of acetonitrile from 20 to 40% ın 0 065% aqueous TFA 


| 


HPLC (Nucleos1] Phenyl, 4 6 x250 mm), 1socratic 


elution of 30% acetonitrile in 0 065% TFA 


l 


Pure peptide ( 15 nmol) 


Fig. 1 Procedure used to purify the heptadecapeptide 


Homogeneity of the purified peptide was confirmed by 
determining the N-terminal amino acids using dansyl (DNS) 
techniques In addition to e-DNS-Lys, only O,N-diDNS-Tyr 
was detected An amino acid analyser (model 835, Hıtachı) 
linked to an ammonia trapping column was used for amino acid 
analysis of peptide samples hydrolysed with 3 M mercapto- 
ethanesulphonic acid (Pierce)? The peptide was found to consist 
of 17 aminoacids Asp 2, Glu 1, Pro 1, Gly 2, Ile 1, Leu 2, Tyr 1, 
Phe 1, Lys 2, Trp 1 and Arg 3 The biological characteristics of 
the peptide, such as slow-reversing activity and high potency on 
guinea pig ileum preparations’, as well as immunoreactivity with 
anti-dynorphin,_;3 antiserum, suggested that the structure of the 
newly isolated peptide ıs similar to that of dynorphin 

The peptide was digested with diphenyl carbamyl chloride 
(DPCC)-treated trypsin (Sigma) and the resultant fragments 
(T-1, -2, -3, -4 and -5) separated by HPLC as shown ın Fig 2 To 
determine the amino acid sequence of these tryptic peptides, 
synthetic dynorphin,_;3 (Protein Research Foundation, Osaka, 
Japan) was also treated with trypsin and the tryptic fragments 
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separated As expected from the specificity of trypsin for 
dynorphin;_:3, reverse-phase HPLC yielded five tryptic peptides 
whose sequences were easily deduced from their amino acid 
compositions The amino acid compositions and retention times 
on HPLC of each of these tryptic peptides were compared 
with those of the corresponding tryptic fragments from 
dynorphin;-13, four of the five peptides (T-1, -2, -4 and -5) were 
identical to the corresponding dynorphin,_;3 fragments 

From these data, we estimated that the new heptadecapeptide 
contained a hexapeptide extension at the C-terminus of the 
dynorphin;_i1; sequence We used a manual Edman sequencing 
method described elsewhere® to degrade the tryptic peptide T-3 
and the resultant phenylthiohydantoin-amino acids were 
identified by HPLC’ The partial sequence Leu-Lys-Trp- 
Asp(Asx, Glx) was determined by microsequencing at the less 
than nanomolar level, we were unable to complete the sequenc- 
ing due to the limited amount of material available We digested 
the original peptide (1 nmol) with carboxypeptidase A (Sigma) 
and the amino acids thus released were analysed after 2, 16 and 
40h incubation Carboxypeptidase A first released Gln, 
followed by the same amounts of Asn and Asp, thus the penul- 
timate residue could not be determined clearly However, the 
sequencing results combined with the results of carbo- 
xypeptidase digestion allowed us to assign the following 
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Fig.2 Reverse-phase HPLC of the tryptic fragments of the newly 
isolated peptide The peptide (5 nmol) was digested with 300 ng of 
DPCC-treated trypsin (Sigma) dissolved ın 130 wl of 100mM 
sodium phosphate, pH 7 6, at 37°C for 15h After acidification 
with 50 ul of 2M HCl, the enzyme solution was directly loaded 
onto a Nucleosil column (5 pm, 4 6 x250 mm) divided in two We 
applied to the column a 45-min linear gradient of acetonitrile from 
10 to 60% in 0 065% TFA aqueous solution with a flow rate of 
1mlmin™* Column effluents were monitored by absorbance at 
280 and 210nm The numbers ın parentheses on the abscissa, 
corresponding to 15 cm space, show the full scale unit of.absorption 
in the detector used 
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Fig. 3 Amino acid sequence of the heptadecapeptide > 
represents DNS method, #, carboxypeptidase A digestion, =», 
manual Edman sequencing 


sequence to the tryptic peptide T-3  Leu-Lys-Trp-Asp-Asn- 
Gln 

The entire sequence of the heptadecapeptide and the strategy 
used for structural analyses are summarized in Fig. 3 We have 
confirmed this structure by comparing the retention times of the 
natural peptide on two HPLC systems with those of the peptide 
synthesized by the Protein Research Foundation. The HPLC 
pattern produced by the tryptic fragments of the synthetic 
peptide was identical to that of natural dynorphin The opioid 
potencies of the synthetic tri- and heptadecapeptides were 
compared in im vitro bioassays”? The concentration of the 
heptadecapeptide required for 50% inhibition of the contractile 
twitch was 199+ 84 pM (mean +s d , n = 9) ın guinea pig leum 
and 4 4+1 6 nM (n = 8) in the mouse vas deferens assay, while 
the respective ICsos of dynorphin;_,3 were 181+67 pM (n = 9) 
and 6 5+3 4nM (n =8) Therefore the C-terminal tetrapeptide 
has little or no influence on potency 

To estimate the content of dynorphin ın porcine duodenum, 
five fresh upper intestines (~60 cm long) were extracted indivi- 
dually and concentrated to give crude extracts as described 
previously’ Radiommunoassay studies revealed that porcine 
duodenum contained 620+ 120 pg (n =5) of immunoreactive 
dynorphin and 1 82+0 49 ng (n = 5) of B-endorphin” per g wet 
tissue The value for dynorphin 1s one-tenth that of methionine- 
enkephalin reported for human duodenum” while the concen- 
tration of -endorphin ıs comparable with that reported ın 
normal rat duodenum’? Further studies, however, are needed 
to determine the absolute concentrations of endorphins in gut 
because estimates tend to vary with the antisera and the extrac- 
tion procedures used 

As opiate has been used for centuries to provide relief from 
diarrhoea and dysentery as well as for its analgesic actions, we 
hope that gut dynorphin will prove valuable for clarifying phy- 
siological roles of endorphins and pharmacological actions of 
opiate in the gastrointestinal tract. Since submission of this 
paper, Goldstein has reported’’ that dynorphin extracted from 
porcine pituitaries has the same sequence as that determined 
here 

We thank Dr A Goldstein for the gift of anti-dynorphin,_13 
antiserum and Dr T Suda for his cooperation in the radio- 
immunoassay studies 


Received 14 September, accepted 2 December 1981 


— 


» Goldstein, A , Tachibana, S , Lowney, L I, Hunkapiller, M & Hood L Proc nam Acad 
Sct USA 76, 6666-6670 (1979) 
Ghazarossian, V E, Chavkin,C & Goldstein, A Life Sct 27, 75-86 (1980) 
Suzuki, S , Araki, K & Tachibana, S Yakugakuzassht 99, 172-179 (1979) 
Kosterlitz, H W & Waterfield, A A A Ret. Pharmac 15, 29-47 (1975) 
Penke, B , Ferenczi, R & Kovacs, K Analyt Biochem 60, 45-50 (1974) 
Tarr,G E Analyt Biochem 63, 361-370 (1975) 
FohIman, J , Rask, L & Peterson, P A Analyt Biochem 106, 22-26 (1974) 
Hughes, J , Kosterlitz, H W & Leshe,F M Br J Pharmac 53, 371-381 (1975) 
Tachibana, S in Gastro-Entero-Pancreatic Endocrine System (ed Fuyita, T) 174-192 
(Igaku-Shoin Ltd, Tokyo, 1973) 
10 Liotta, A S ,Suda,T & Kreger, D T Proc nam Acad Sci US A 75, 2950-2954 (1978) 
11 Polak,J M,Sullivan,S N, Bloom, S R, Facer, P & Pearse, A G E Lancet i, 972-974 
(1977) 
12 Orwoll,E S & Kendall,J W Endocrinology 107, 438-442 (1980) 
13 Goldstein, A , Fischti, W , Lowney, L I, Hunkapiller, M & Hood, L Proc natn Acad Sci 
USA 78, 7219-7223 (1981) 


OM~ IA uh WwW bd 





M 


Nature Vol 295 28 January 1982 





A carboxypeptidase processing 
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Recent studies’? have shown that adrenal medullary chromaffin 
granules contain relatively large amounts of Met- and Leu- 
enkephalin and several large enkephalin-containing peptides 
ranging in molecular weight (M,) from 3,200 to 50,000. The 
large, biologically inactive enkephalin-containing molecules can 
be broken down in vitro to give active enkephalins by two 
enzymes, trypsin and carboxypeptidase B*: trypsin liberates 
enkephalins (for example, Met-enkephalin-Arg®, Met-enke- 
phalin-Arg®-Arg’, Met-enkephalin-Lys®, Leu-enkephalin- 
Arg’) that are extended at their C-terminus by Lys or Arg. 
These C-terminal residues can be trimmed off by carboxy- 
peptidase B, an exopeptidase that specifically removes C- 
terminal basic amino acid residues. Presumably, the enkephalin 
precursor is processed in vivo by trypsin-like and carboxy- 
peptidase B-like enzymes’”; it seems reasonable that these 
enzymes co-exist with the precursor in chromaffin granules. We 
describe here a carboxypeptidase obtained from bovine 
chromaffin granules that converts ‘”*I-labelled Met-enkephalin- 
Are® to '*I-Met-enkephalin. Fulfilment of certain criteria 
expected of a processing enzyme suggests that this peptidase 
may be involved in enkephalin precursor processing. 

Chromaffin granules were isolated from fresh bovine adrenal 
glands and kept on ice The medulla was separated from the 
cortex and the granules purified by differential and dis- 
continuous sucrose density centrifugation (for methods see Fig 
2 legend)* 

Carboxypeptidase activity was assayed by adding 10 pl of the 
enzyme or tissue homogenate to 25 pl of 1-5 x 107° M **°I-Met- 
enkephalin-Arg® (1 C1 per tube) (for 1odination procedure see 
Fig 1 legend) in 50 mM potassium phosphate buffer pH 6 0, 
100 mM NaCl The samples were incubated at 37 °C for 30 min 


Fig 1 Carboxypeptidase activ- 
ity in subcellular fractions 
of bovine adrenal medulla 
Met-enkephalin-Arg® (Penin- 
sula Laboratories) was 
10dinated by the chloramine-T 
method’® Free ‘*°I was 
removed with a C18 Sep-Pak 
(Waters Associates) and '?°J- 
Met-enkephalin-Arg® eluted 
off using 30% acetonitrile/70% 
H,O Each subcellular fraction 
(for method see Fig 2 legend) 
was incubated with '*5I-Met- 500 
enkephalin-Arg® and chromat- 100 
ographed by TLC on silica gel 
G Arrows indicate the migra- 
tion position of standard 
samples of '7*I-Met-enke- 
phalin-Arg® and ‘'**I-Met- 
enkephalin a, Typical pepti- 
dase activity ın fractions 
containing nucle: and large 
debris (P1) and cytosol (S2 and 
$3) 6, Activity ın crude 
chromaffin granules (P3) c, 
Activity ın lysosomal and 
mitochondrial fraction obtained 500 
from sucrose gradient d, 

Activity in purified granules 
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and the reaction stopped by addition of 10 ul ice-cold 95% 
ethanol After 30 min at 4 °C the samples were centrifuged ın a 
Beckman microfuge for 5min The '*°I-Met-enkephalin-Arg® 
and '”°I-Met-enkephalin were separated by TLC Radhoactivity 
was measured along each lane using a BID System 100 radio- 
gram imaging system (Bioscan) The two peptides were resolved 
on silica gel TLC plates using as solvent pyridine/ethyl 
acetate/H,O/acetic acid (33 53 94 43) (Fig 1) Commercial 
porcine pancreatic carboxypeptidase B, having a reported pH 
optimum of 7 0-90 (ref 5) converted '*°I-Met-enkephalin- 
Arg“ into a radioactive molecule that co-chromatographed with 
*25T_Met-enkephalin ın thin layer and reverse-phase high per- 
formance systems 

Punfied chromaffin granules were lysed by suspending them 
in 0 015 M KCI at 4°C for 30 min The soluble and particulate 
components of the lysed granules were separated by centri- 
fugat.on at 100,000g for 30 min ın a Beckman type 40 rotor 
(40,000 r p m) Incubation of an aliquot of the soluble fraction 
with '?°I-Met-enkephalin-Arg® resulted in the appearance of a 
radioactive species that co-migrated with '*°J-Met-enkephalin 
(New England Nuclear) (Fig 1d) The new peak was not seen if 
the soluble fraction was boiled for 30 min before being added to 
the reaction mixture or 1f the incubation was carried out at 0 °C 
The behaviour of the '*°I-Met-enkephalin-like reaction product 
was the same as that of ’?°I-Met-enkephalin when subjected to 
HPLC [reverse-phase C18 column eluted with 15-20% 
acetonitrile ın TEAP (triethylamine—0 25 M phosphoric acid 
pH 3 0)] 

The amount of ‘*°I-Met-enkephalin produced was linearly 
related to the amount of granule supernatant added The 
enzyme activity was optimal at ~pH 6 0 (Fig 2), with consider- 
able activity being observed ın the pH range 5 5-6 5 While the 
soluble fraction derived from chromaffin granules was relatively 
rick ın carboxypeptidase B activity, the membrane fraction 
contained only low enzyme activity Similarly, other subcellular 
fractions (Fig 1) containing cytosol (S1, $2, S3), nuclei (P1), 
mitochondria and lysosomes showed very little carboxy- 
peptidase activity, but these fractions did exhibit other 
peptidase activities as indicated by the production of a labelled 
substance other than '”*I-Met-enkephalin (Fig 1) The crude 
granule fraction (P3) not only displayed considerable carboxy- 
peptidase activity, but also contained other peptidase(s) Thus 
the purified granules are unique in containing only carboxy- 
peptidase B activity and in their apparent inability to cleave 
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Fig 2 pH dependence of carboxypeptidase activity ın supernatant of lysed 
chromaffin granules At pH 5-8, 50mM potasstum phosphate was used, 
TEAP was used for pH 3 0 Purified chromaffin granules were obtained by 
centrifuging adrenal medulla homogenate in 0 32 M sucrose at 1,500 r pm 
for 20 min (GS-4 rotor, Sorvall centrifuge) to give a pellet (P1) and 
supernatant (S1) fraction S1 was centrifuged at 8,800rpm for 20 min 
(same rotor as above), yielding a pellet containing the crude granule fraction 
and supernatant (S2) The pellet was washed once (8,800 r p m , 20 min) and 
taken as the crude granule fraction (P3) Purified chromaffin granules were 
obtained by applying a suspension of P3 in 0 32 M sucrose on 1 6 M sucrose, 
and centrifuging at 25,000rpm for 120 min (Beckman ultracentrifuge, 
SW-27 rotor) The pellet containing the purified chromaffin granules has 
been shown to be relatively free from mitochondna and lysosomes which 
were collected at the interface of the 0 32-1 6 M sucrose gradient’? The 
membrane fraction from lysed chromaffin granules displayed a pH optimum 
of 6 0, which is similar to that of carboxypeptidase in the supernatant 
However, the pH optimum of porcine pancreatic carboxypeptidase B has 
been reported? to be ın the range 7 0-9 0 


°5]-Met-enkephalin-Arg® into labelled species other than 
'*°T_Met-enkephalin 

To determine whether the carboxypeptidase ın the soluble 
fraction of chromaffin granules 1s similar to other known 
carboxypeptidases, the effects of various inhibitors were 
examined Inhibitors of zinc metallopeptidases such as guani- 
dinopropylsuccinic acid, aminopropylmercaptosuccinic acid, 
benzylsuccinic acid and 2-mercaptomethyl-3-guanidinoethyl- 
thiopropanoie acid** (provided by Dr T H Plummer, New 
York Department of Public Health) were found to inhibit 
porcine pancreatic carboxypeptidase B dramatically at concen- 
trations of 28x107°M, none of these inhibited chromaffin 
granule carboxypeptidase, however Similarly, the potato 
carboxypeptidase inhibitor’ (given by DrM Hass, University of 
Idaho) at 10° M inhibited the pancreatic but not the adrenal 
medullary enzyme Other inhibitors of metalloenzymes such as 
EDTA (107° M) and 1,10-phenanthroline (107? M)"° also had 
little effect on the chromaffin granule carboxypeptidase In 
contrast, HgCl, (10°°M), CuCl, (1074M) and p-chloro- 
mercuripheny] sulphonic acid (107° M), which react with thiol 
groups’, inhibited the carboxypeptidase Leupeptin (3 7 x 
107° M) and antipain (1 6 x 107? M), which inhibit arginyl pro- 
teases", inhibited completely the chromaffin granule enzyme, 
whereas the serine protease inhibitors phenylmethylsulphonyl 
fluoride (10~* M), aprotinin (0 017 trypsin inhibitor units ml~’), 
and tosyllysine chloromethyl ketone (1074M) and the 
lysosomal cathepsin B inhibitor™, chloroquine (1074 M), had no 
effect 

The carboxypeptidase described here appears to be a unique 
and novel enzyme, showing a pH optimum and a spectrum of 
inhibitors different from that of other carboxypeptidases (for 
example, carboxypeptidases A, B and N)°°** This carboxy- 
peptidase satisfies several criteria for ıt to be involved in 
processing the enkephalin precursor (1) it ıs concentrated ın 
chromaffin granules where the precursors are found, (2) ıt 1s 
active at the intragranular pH of 5 7 (refs 16, 17), (3) ıt removes 
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the basic (arginyl) residue from the C-terminus of Tyr-Gly-Gly- 
Phe-Met-Arg without degrading the pentapeptide itself It1s not 
clear whether the removal of basic residues to yleld the enke- 
phalin pentapeptides 1s important in enhancing (or diminishing) 
the action of enkephalin at its physiological receptors Further 
studies of processing enzymes should elucidate the mechanisms 
by which extracellular and intracellular changes alter the 
synthesis of opioid peptides in the adrenal gland, and may lead 
to the development of drugs that specifically affect these pro- 
cesses 

We thank Dr Juhus Axelrod for his encouragement and 
support VY HH and LEE are research associates in the 
Pharmacology-Toxtcology Program, NIGMS 
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The time of onset of transcriptional activity in the early mam- 
malian embryo is unclear. RNA synthesis has been shown to 
occur at the two-cell stage in the mouse’ and at the two- to 
four-cell stage in the rabbit, but the period immediately 
following fertilization has proved largely inaccessible to bio- 
chemical characterization of transcription because of the low 
permeability of early embryos to exogenous precursors such as 
“H-uridine*~’. This difficulty, and the failure to detect RNA 
polymerase activity in the pronuclei of one-cell mouse 
embryos’, suggested that the embryonic genome was tran- 
scriptionally inactive until some time after the first cleavage. To 
investigate this issue further, we have now incubated one-cell 
pronuclear embryos with “H-adenosine, which is taken up about 
1,000 times faster than uridine’. Three labelled RNA species 
could be identified. The major product is large, heterodisperse, 
poly(A)” RNA. High-molecular-weight poly(A)* RNA is also 
heavily labelled but this 1s mostly due to cytoplasmic poly- 
adenylation of previously non-polyadenylated, stored RNA. A 
Significant amount of label is incorporated into the -CCA 
termini of transfer RNA but some new synthesis of tRNA also 
takes place. No label was found in ribosomal RNA at the 
one-cell stage but synthesis of mature rRNA species was evident 
in the two-cell embryo. 
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Fig. 1 Specific activity of the *H-ATP pool in one-cell mouse 
embryos Fertilized ova were isolated from superovulated Swiss 
mice 22-24 h after injection of human chorionic gonadotropin and 
cultured ın a pyruvate—lactate medium (PLM) contaimng 50 uM 
[2,8-"H]adenosine (30-40 Cimmol™*, Amersham) as described 
previously” At the indicated times 5-10 embryos were removed, 
the nucleotides extracted with 05M HClO, at 0°C, and the 
extract neutralized and chromatographed on polyethyleneimine 
(PEI) cellulose? The ATP spot was cut out of the plate, solubilized 
with NCS tissue solubilizer (Amersham) and counted in OCS 
scintillant (Amersham) The specific activity of the labelled ATP 
pool in the mouse embryos was calculated by adding the amount of 
radioactive ATP to the internal ATP pool (1 1 pmol per embryo’) 
and using this value to derive the fraction of radioactive ATP— 
pmol *H-ATP/(1 1 pmol+pmol*H-ATP) To verify this cal- 
culation, pool specific activity measurements were sometimes 
made ın parallel using an isotopic RNA polymerase assay’ The 
results of these assays were within 10% of the calculated value 


Figure 1 illustrates the changes 1n the specific activity of the 
total ATP pool in one-cell embryos 1n the labelling conditions 
used The specific activity rises approximately linearly during 
the first 80 min and increases at a much slower rate during the 
succeeding 4 h, reaching about 80% of the final specific activity 
at the midpoint of the labelling period We used the midpoint 
specific activity of the ATP pool for estimating the rates of 
accumulation of the labelled RNA species described below 

The labelled embryo lysates were processed as follows After 
extraction with phenol-chloroform, the water phase was made 
2 Min LiCl to isolate LiCl-precipitable (large molecular weight) 
and LiCl-soluble RNA fractions’ The latter was freed of 
labelled nucleotides by precipitation with cetyltrimethylam- 
monium bromide’ The LiCl-precipitable RNA was subdivided 
further into poly(A)” and poly(A)” fractions by binding to 
poly(U)-Sepharose The individual fractions were analysed as to 
electrophoretic mobility, sensitivity to RNase and distribution 
of labelled nucleotides, as described in the figure legends 
Special care was taken to denude the eggs of any follicle cells by 
successive treatments with hyaluronidase and subtilisin® In 
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Fıg.2 Electrophoretic patterns of 7H-adenosine-labelled RNAs isolated from one-cell mouse embryos Fertilized eggs were labelled im vitro in PLM containing 
50 »M ?H-adenosine for 5-6 h, washed five or six times in HEPES-buffered saline and digested for 30 min at 37 °C ın 300 pl extraction buffer (100 mM NaCl, 50 mM 
Tns-HCl, pH7 5,5 mM EDTA, 0 5% SDS, 100 pg ml“? proteinase K) containing 10 pg mouse rRNA and 10 pg yeast sRNA (4S and 5 S)ascarriers The digest was 
adjusted to 2 Min LiCland kept at 0 °C for 18 h to precipitate high-molecular-weight RNA? The precipitate was collected and washed three times with ice-cold 2 M 
LiCl by centrifugation at 70,000g for 20 min The supernatants were pooled and used for the isolation of 4S and 5S RNAs The LiCl-precipitable RNAs were 
dissolved in 300 p! poly(U)-binding buffer (500 mM NaCl, 10 mM Tris-HCI, pH7 5, 1mM EDTA, 005% SDS) and bound to 30 mg freshly rehydrated 
poly(U)-Sepharose (Pharmacia) at 37 °C, 15 mm ın a conical microfuge tube vortexed gently to keep the beads suspended The unbound poly(A)” RNA was washed 
from the beads by centrifugation and resuspension six times ın 0 5 ml binding buffer The washes were pooled and the RNA precipitated with 2-3 vol 100% ethanol at 
—20°C Poly(A)* RNA was eluted from the poly(U)-Sepharose at 45 °C by six changes of 90% deionized formamide/10% eluting buffer (10 mM Tns-HCl, pH 7 5, 
1 mM EDTA, 0 05% SDS) The eluate was adjusted to 0 1 Min NaCl, 10 pg of mouse rRNA added and the RNA ethanol-precipitated The 4 S RNA was collected 
from the LiCl-soluble fraction by ethanol precipitation and further purified by dissolution in 0 1 M NaOAC, pH 5, and reprecipitation with 0 5% cetyltrimethylam- 
monium bromide (CTAB)! The CTAB precipitate was washed extensively with 0 1% CTAB in 0 1 M NaOAc, pH 5, to remove soluble nucleotides and the CTAB 
was removed by washing three times with 70% ethanol/30% 0 1M NaOAc, pH 5 The RNAs were redissolved in Loening’s E-buffer”® (36 mM Tris base, 30 mM 
NaH,PO,, 1 mM EDTA, 0 1% SDS) for electrophoresis a, Pattern of LiCl-soluble RNA ‘rom 400 one-cell embryos after electrophoresis in 10% polyacrylamide gel 
in E-buffer at 5 mA per gel for 3 h, the radioactive peak coincides with the 4 S absorbance marker b, Pattern of LiCl-precipitable, poly(A)” RNA from 1,000 one-cell 
embryos after electrophoresis in 2 25% acrylamide-0 5% agarose gels at 5 mA per gel for 2 5h in E-buffer containing 6 M urea One-half of the sample was 
electrophoresed intact (solid line) and the other half after digestion with 100 pg ml? RNase A+ 50 U ml”? RNase T, 1n E-buffer at 37 °C for 30 min (dotted line) 

Before electrophoresis, the samples were brought to 6 M ın urea, heated at 85 °C for 5 min, allowed to cool and layered on the gel c, Pattern of poly(A)” RNA from 
700 one-cell embryos after electrophoresis ın 6 M urea asin b All gels were scanned at 260 nm using a Gilford linear transport, sliced in 1 S-mm slices, dissolved in 

0 5 ml 90% NCS/10% water at 50°C for 2 h and counted in OCS scintillant (Amersham) at 30% efficiency 
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some experiments, the zona pellucida was completely digested 
by subtilisin and the polar bodies removed by repeated pipetting 
of the eggs through a small-bore pipette The amount and 
distribution of label in the three major classes of RNA was the 
same ın these eggs, suggesting that no significant RNA synthesis 
occurs in the polar body nuclei The possibility that the egg 
mitochondria may contribute to the labelling pattern 1s remote 
because mitochondrial RNA synthesis has not been detected 
until the eight-cell stage™ and we observed no 12S or 16S 
mitochondrial ribosomal RNA species ın the present study 

Figure 2a shows the electrophoretic pattern of the LiCl- 
soluble labelled material The large 4 S peak was sensitive to 
RNase and assumed to be tRNA It was eluted from the gel and 
analysed further by base hydrolysis and PEI cellulose chroma- 
tography of the nucleotides? About 83% of the label migrated 
with the adenosine marker and only about 17% migrated as 
AMP. Although this indicates that some *H-adenosine label 1s 
incorporated into internal positions, suggesting the synthesis of 
a small amount of tRNA, it 1s clear that most of the label 1s 
localized ın the -CCA terminus, about 60 tRNA molecules 
being terminally labelled for each newly synthesized tRNA 
(assuming an average of 14 adenosine residues per tRNA‘) 
Terminal labelling presumably reflects the turnover of 3'- 
terminal adenosine residues’? 

Figure 2b shows the electrophoretic pattern of the LiCl- 
precipitable, poly(A)” fraction This fraction, which 1s 
completely sensitive to RNase, consists of large, heterodisperse 
RNA with a number-average size’ of about 2 5 kilobases (kb) 
The amount of heterodisperse RNA accumulated over a 5-h 
labelling period was estimated to be ~3 pg per embryo (assum- 
ing 225% adenosine content) However, preliminary studies on 
the time course of incorporation of *H-adenosine into this 
fraction suggest that most of the newly synthesized RNA ıs 
turning over rapidly and probably represents heterogeneous 
nuclear RNA (K BC and LP, unpublished observations) 
None of the poly(A)” RNA appears to be ribosomal, as an 
analysis of the gel pattern of several RNA preparations (as in 
Fig 2b) failed to reveal any evidence of 18 S and 28 S rRNA 
From the specific activity of the ATP pool, we estimate that the 
synthesis of as little as 0 03 pgrRNA per embryo during 6h 
labelling would have been detected As the rate of synthesis of 
mature rRNA ın the morula is ~2 5 pg per cell per h (ref 15), we 
conclude that rRNA synthesis ın the one-cell embryo, 1f ıt occurs 
at all, is <0 2% of that in the morula on a per cell basis 

The LiCl-precipitable, poly(A)* RNA fraction consists of 
high-molecular-weight RNA with a number-average size of 
17kb (Fig 2c) The poly(A)* RNA peak was completely 
abolished by digestion with RNase (data not shown) To analyse 
the distribution of label in this RNA, purified poly(A)* RNA 
was digested with RNase A +T; ın conditions which leave the 
poly(A) tracts intact, and the digest chromatographed on a PEI 
plate (Fig 3) About one-third of the total label migrated with 
the AMP marker, suggesting that ıt was released from an 
internal location, and about two-thirds remained at the origin, 
suggesting localization in poly(A) tracts of about (A)ao or larger 
It ıs unlikely that the label in the AMP peak derived from 
random cleavage of labelled poly(A) tracts because of the low 
background between the AMP peak and the origin (where 
partially digested fragments would appear) and the repeatability 
of the chromatographic pattern in three separate experiments 
The number-average size of the labelled poly(A) tracts was 
(A)so, as determined by polyacrylamide gel electrophoresis ın 
relation to poly(A) markers of known length (not shown) To 
determine what portion of the poly(A) tracts was newly 
synthesized, we measured the distribution of label between A 
and AMP by PEI cellulose chromatography of the alkaline 
hydrolysate of purified poly(A) This procedure gave a ratio of 
A/AMP of 1 42, or an average length of (A)43, suggesting that 
the labelled poly(A) tracts had arisen mostly, if not entirely, 
from new synthesis rather than from the elongation of pre- 
existing tracts From the average size of the labelled poly(A)* 
RNA, 1,700 nucleotides, the number of adenosine nucleotides 
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in the non-poly(A) portion of the molecule car be estimated at 
about 425 (assuming a 25% content in adenosine), about 10- 
fold higher than the average length of (A), for newly 
synthesized poly(A) However, the observed ratio of label in the 
non-poly(A) portion of the molecule 1s one-half that in the 
poly(A) tail, suggesting that only about 5% of the labelled 
poly(A)” RNA molecules are newly synthesized, the remainder 
representing pre-existing maternal MRNA having undergone 
cytoplasmic polyadenylation As there 1s about a 20% increase 
in total poly(A) between fertilization and the late one-cell 
stage" but no increase in the average size of poly(A) tracts 
(K BC and L P, in preparation), ıt seems likely that the newly 
synthesized tracts are added, at least in part, to previously 
non-polyadenylated RNA Both turnover (and lengthening) of 
poly(A) and the addition of poly(A) sequences to previously 
non-polyadenylated RNA occur ın fertilized sea urchin eggs and 
result in a doubling of poly(A) content’*’? In Urechis eggs, 
total poly(A) increases severalfold as a result of polyadenylation 
of new RNA sequences on fertilization” The present findings 
suggest that cytoplasmic polyadenylation 1s an important feature 
of early mouse development as well A less extensive adenyl- 
ation, consisting of the terminal addition of short oligo(A) 
segments to pre-existing poly(A) tracts, has been reported ın 
mouse eggs 1-3 h after fertilization?’ As we used late one-cell 
embyros for labelling, about 11-17h after fertilization, the 
difference may be due to developmental stage-specific changes 
in cytoplasmic adenylation 

Because of the high specific activity that can be attained with 
the ATP pool, we have re-examined the question of rRNA 
synthesis by the two-cell mouse embryo Nucleolus organizing 
activity has been detected by cytochemical (silver) staining at the 
two-cell stage*”'*’, and there 1s biochemical evidence of a low 
level of rRNA synthesis (with *H-uridine labelling)? Figure 4 
shows the pattern of LiCl-precipitable, poly(A)” RNA isolated 
from late two-cell embryos labelled for 6 h with *7H-adenosine 
Although most of the incorporation ıs ın large heterodisperse 
RNA, distinct 18 S and 28 S peaks, as well as rRNA precursor 
peaks, are also evident From the amount of radioactivity under 
the 18 S and 28 S peaks (~25% of the total), the specific activity 
of the ATP pool (19%) and the base composition of rRNA (18% 
adenosine), the rate of synthesis of rRNA at this stage can be 
estimated at about 0 3 pg per embryo perh Ona per cell basis, 


Origin 
t 


(A)io (A). AMP 
t t şt 


cpm x10-3 





i) 5 10 15 
Migration £m) 


Fig. 3 PEI cellulose chromatography of RNAse A +T; digest of 

H-adenosine-labelled poly(A)* RNA from one-cell mouse 
embryos For labelling conditions and the isolation of poly(A)* 
RNA, see Fig 2 legend The ethanol-precipitated RNA was 
dissolved in 25 pl of 5 ug mi™* RNase A, 10 U ml~! RNase T; in 
300mM NaCl, 10mM Tris-HCI, 1mM EDTA, pH7 5, and 
incubated at 37°C for 1h The digest was mixed with 2-3 pmol 
each of AMP and the oligomers (A), (A)1o and (A)33 (Miles) and 
chromatographed on a 2 x20 cm PEI plate successively in 100% 
methanol, distilled water and 125M Tris-HCI PH 8 4, to frac- 
tionate oligo(A) sequences according to sıze?” The plate was cut 
into 1-cm pieces, digested ın 1 m190% NCS for 30 min at 22 °C and 
counted in OCS at 35% efficiency The recovery of labelled 
nucleotides was better than 90% The position of the markers on 

the plate was visualized by UV 
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Fig. 4 Electrophoretic pattern of LiCl-precipitable poly(A) 

RNA from 600 two-cell mouse embryos ıncubated for 6 h (46-52 h 

post-human chorionic gonadotropin) in the presence of 50 M 

3H-adenosıne Any three- to four-cell embryos at the end of the 

labelling period were removed Electrophoresis was in 2 25% 

acrylamide-0 5% agarose gels in the presence of 6M urea For 
details, see Fig 2 legend 


this rate 1s about one-sixteenth of that ın the morula’? The 4S 
RNA peak ıs also heavily labelled in the two-cell embryo, the 
distribution of label between the -CCA terminus and internal 
locations in tRNA being very similar to that observed in the 
zygote (data not shown), and synthesis of poly(A)" RNA ın the 
two-cell embryo has been reported previously* Therefore all 
the mayor classes of RNA seem to be synthesized by the two-cell 
mouse embryo RNA synthesis intensifies from the eight-cell 
stage onwards*, resulting ın a sixfold increase in total RNA 
content between the two-cell stage and early blastocyst’? As 
about 40% of the bulk maternal RNA 1s eliminated by the 
two-cell stage and at most 30% persists until the early blasto- 
cyst”, a nearly complete shift from the use of maternal to 
embryo-derived RNA components must take place by the early 
blastocyst stage The results presented here indicate that tran- 
scription has already started ın the pronucle1 of the zygote The 
role of the RNA products and the significance of cytoplasmic 
polyadenylation in the one-cell embryo remain to be elucidated 
An interesting possibility ıs that cytoplasmic adenylation may 
be involved in the selective activation of subpopulations of 
maternal mRNA which has been reported to take place 
around the late one-cell to early two-cell stage” 
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Calcitonin is a small peptide hormone (molecular weight (MW) 
3,500) synthesized and secreted in mammals by the C-cells of 
the thyroid’. In man a major role of calcitonin is to protect the 
skeleton during periods of calcium stress such as growth, preg- 
nancy and lactation’. Excessive calcitonin levels are associated 
with familal and sporadic medullary carcinoma of the thyroid’, 
and in some cases with ectopic synthesis often by small oat-cell 
carcinoma of the lung®. Evidence from mRNA-directed cell- 
free protein synthesis suggests that in common with other small 
peptide hormones’, human calcitonin is synthesized as a high- 
molecular-weight precursor protein’. Recently, we described 
the construction and partial characterization of recombinant 
plasmids containing human calcitonin cDNA sequences’. Here 
we demonstrate by nucleotide sequence analysis of these cloned 
cDNA sequences that human calcitonin resides towards the 
carboxy terminal of a precursor polyprotein, and is flanked at 
the amino and carboxy termini by cryptic peptide sequences of 
unknown biological significance. The cryptic peptide present at 
the carboxy terminus differs significantly in amino acid sequence 
from that present in the rat calcitonin precursor poly- 
proteint". 

We have previously described the identification and partial 
characterization of two cDNA clones’ (phT-B3 and phT-B6) 
containing in total an estimated 60% of a mRNA 1,000+ 100 
nucleoudes long ThismRNA, isolated from a human medullary 
carcinoma of the thyroid, directed the synthesis in a wheat-germ 
cell-free system of a 21,000-MW calcitonin precursor protein, 
as judged by immunoprecipitation and SDS polyacrylamide gel 
electrophoresis’ Nucleotide sequence analysis’> of both cloned 
cDNA sequences revealed that the larger cloned fragment 
(phT-B3) contained most of the 3'-untranslated region of the 
mRNA and a sequence encoding 93 amino acids The smaller 
cloned fragment (phT-B6) contained the complete 3’-untrans- 
lated region, and a sequence encoding 37 amino acids No 
differences were detected ın the nucleotide sequence of cDNA 
that was common to both plasmids Examination of the 93 
amino acids encoded within the cloned 5’ portion of the mRNA 
(Fig 1) revealed a tract of 33 amino acids comprising the 
expected sequence of human calcitonin'* 15, with an additional 
glycine next to the carboxy-terminal proline This sequence 1s 
located towards the carboxy end of the precursor protein, and 1s 
separated from the adjacent cryptic peptide sequences by basic 
amino acid residues, presumably sites for proteolytic cleavage’ 
The presence of a glycine residue immediately adjacent to the 
carboxy-terminal proline in the calcitonin precursor reflects the 
requirement of an amidated carboxy-terminal proline in the 
fully processed calcitonin, in common with other peptides 
including rat calcitonin, which contain carboxy-terminal amı- 
dated amino acid residues and are synthesized as larger pre- 
cursor proteins’??? Y 

Comparative analysis of nucleotide sequence homologies ın 
the coding region of the human and rat!°-!? calcitonin mRNAs 
(Fig 1) and ın deduced amino acid sequences (but excluding gap 


a a aaa a MMM 


+ To whom correspondence should be addressed 


© 1982 Macmillan Journals Ltd 


346 


Fig. 1 Nucleotide sequence of 
human calcitonin precursor poly- 
protein mRNA cloned into phT-B3 
and phT-B6 The figure compares 
the known common nucleotide 
sequence of human and rat’??? cal- 
citonin precursor polyprotein 
mRNA sequences, as determined by 
DNA sequence analysis of the 
cloned cDNA sequences, with gaps 
introduced to maximize homologies 
Numbers immediately above the 
human nucleotide sequence denote 
the relative number of nucleotides 
from the poly(A) tail Numbers 
above the human protein sequence 
refer to amino acid position amino- 
terminal cryptic peptide —1 to —36, 
calcitonin, 1~32, carboxy-terminal 
cryptic peptide, +1 to +25 Base 
substitutions are indicated by dots 
Where replacement base substitu- 
tions have occurred or the human 
nucleotide sequence ıs not present, 
the alternative or additional amino 
acid(s) present within the rat pre- 
cursor polyprotein have been shown 
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Val Leu leu Ala Ala Leu Val Gln Asp Tyr Val Gin Het Lys Ala Ser Glu Leu 
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578 550 
Hunan S'GTC CTG CIG CCT GCA CTG GTG CAG GAC TAT GTG CAG ATG AAC GCC ACT GAG CTC GAG CAG GAG CAA GAG AGA GAG GGC 
Rat OGC CTA CTG GCT GCA CTG GTG CAG AAC TAT ATG CAG ATG AAA CTC AGG GAG CTG GAG CAC GAG GAG GAA CAG CAG GCT GAG GGC 
Arg Asn Met val Arg Glu Gln Glu Ala 


10 11 12 13 #14 15 16 #17 18 19 


-10 -9 -8 -7 -6 -5 -4 -3 2 i 3 4 6 8 9 
Cys Gly Asn Leu Ser Thr Cys Met Leu Gly Thr Tyr Thr Gln Asp Phe Asn Lys Phe 


Ser Ser Leu Asp Ser Pro Arg Ser 





500 


Human TCC AGC CTS GAC AGC CCC AGA TCT|AAG CGG| TCC CCT AAT CTG AG™ ACT TGC ATG CTG GGC ACA TAC ACG CAG GAC TTC AAC AAC TIT 
Rat TCT AGC TTG GAC AGC CCC AGA TCT|AAG CGG| TGT GGG AAT CTG ACT ACC TCC ATG CTG ccc ACG TAC ACA CAA GAC CTC AAC AAG TTT 


Leu 
20 21 22 23 24 25 26 27 28 29 #30 31 32 [+1 lR 45 h +5 +6 4+7 +8 +9 +10 +11 +12 +13 +14 415 416 
His Thr Phe Pro Gin Thr Ala Ile Gly Val G.y Ala Pro|Gly|Lys Lys Arg|Asp Met Ser Ser Asp Leu Glu Arg Asp Hie Arg Pro 


400 350 
Human CAC ACC TIC CCC CAA ACT GCA ATT GGG GTT CGA GCA CCT|GGA] AAG AAA ACGICAT ATG TCC AGC GAC TTC GAG AGA CAC CAT CGC CCT 
Rat CAC ACC TTC CCC CAA ACT TCA ATT GGG GTT GGA GCA CCT|CCC] AAG AAA AGGIGAT ATC GCC AAC GAC TTG GAG ACA AAC CAC CAC CCC 









Ser Ala Lys Thr Asn Ris 
+17 +18 +19 +20 +21 +22 +23 +24 +25 
His Val Ser Met Pro Gln Asn Ala Asn term term term 
300 250 
Human CAT CTT AGC ATG CCC CAG AAT GCC AAC TAA ACT CCT CCC TTT CC™ TCC TAATTTCCCTICTIGCATCCTTCCTATAACTIGATGCATGTGGTTTCGTTCC 
Rat TAT TTT GGC AAC TAG GTC CCT CCT CTC CTT TCC——AGTTITCCATCTIGCTTTCTTCCTATAACTIGATGCATGTACT: TCC 








Tyr Phe Gly 


200 150 
Human TCTCTGGTGGCTCTTTCGGG CIGGTATTGGTGGCTTTCCTTGTGGCAGAGGATGTCTCAAACTTCAAGATGGGAGGAAAGAGAGCACGACTCACAGGTTGGAAGAGAATCACCTGGG 
Rat TCTCTGCCTGTTCTCTGGGCTATTATGGGTTACTTTCATGA 


100 term term 50 tern term 
Human IRAKTACEAGAAANTGACCGCCGCTITGAGTCCCCCAGAGATGTCATCAGAGCTCCICTGTCC7GCTTCIGAATGTGCTGATCATTTGAGGAATAAAATTATTTTTCCCCpolyés) 


immediately below the codon(s) in 


question Boxed sections of the amino acid and nucleotide sequences indicate regions discussed in the text DNA sequence determination was 
performed on both strands of the cloned cDNA sequences (phT-B3 and phT-B6) using the procedure of Maxam and Gilbert 


Sequences introduced to maximize homology) revealed greater 
nucleotide (850%) than amino acid (80 7%) sequence 
homology Of the 88 codons considered, we found one or more 
base substitutions within 32 of the codons (36 4%), and of these, 
17 (531%) represent replacement substitutions The dis- 
tribution of the replacement and silent substitutions differs, 
however, between those regions encoding the amino- and 
carboxy-terminal cryptic peptides and those encoding cal- 
citonin, a situation reflected in the variation in amino acid 
sequence in the three peptide domains Thus the nucleotide 
Sequence encoding human calcitonin (amino acids 1-32) 
contains seven silent and two replacement substitutions In 
contrast, comparison of the nucleotide sequences encoding the 
flanking cryptic peptides (amino acids —1 to —36, and +1 to 
+25), particularly the carboxy-terminal peptide, shows a pre- 
ponderance of replacement substitutions Furthermore, the 
relative difference ın amino acid sequence between human and 
rat flanking peptides ıs exaggerated by the presence of an 
additional dipeptide in the rat amino-terminal cryptic peptide 
(between positions —19 and —18 of the human sequence) and of 
a pentapeptide sequence immediately preceding the terminal 
asparagine of the human carboxy-terminal cryptic peptide 
which 1s absent from the corresponding rat peptide A computer 
search for homologies within established protein sequences 
failed to reveal homology between the human cryptic peptides 
and other structural or biologically active peptides Moreover, 
there seems to be no significant nucleotide homology between 
the sequence encoding human calcitonin and that present in the 
human pro-opiocortin mRNA, thought to encode a calcitonin- 
like peptide’® !° 

The 3'-untranslated region of the human calcitonin mRNA 
consists of 299 nucleotides mcluding the termination codon 
UAA Two potential termination codons closely follow the 
authentic codon The first of these (UAA) remains ın phase, 
while the second 1s not in phase In common with other eukary- 
otic mRNAs, the supposed polyadenylation enzyme reco gnition 
sequence AAUAA 1s present 13 nucleotides from the site of 
poly(A) addition” A palindromic-type sequence (5! 
AAAAUACCAGAAAA 3’) is also present 100 nucleotides 
from the poly(A) tail 


Although we have yet to identify and sequence cDNA clones 
that contain the remaining 300-400 nucleotides comprising the 
5’ end of the human calcitonin mRNA, and which encode the 
remainder of the amino-terminal cryptic peptide sequence and 
presumably an amino-terminal leader sequence, our obser- 
vations are important for various reasons, Human calcitonin 1s 
another of the increasing number of small peptide hormones 
now known to be synthesized as higher-molecular-weight pre- 
cursor proteins and subsequently processed to yield one or more 
biologically active peptides’ Whether the human calcitonin 
precursor proves to be a true polyprotein, ın the sense that two 
or more secreted biologically active peptides are specifically 
processed from a common precursor, remains to be established 
Our comparative analysis of the nucleotide sequences encoding 
the human and rat calcitonin peptides implies that both have 
evolved from a common ancestral gene, and that selection 
pressures have eliminated base substitutions which might result 
in adverse alteration of codon specificity The accumulation of 
silent or supposedly neutral substitutions presumably reflects 
evolutionary divergence as a result of genetic drift? In contrast, 
the amino- and carboxy-terminal cryptic peptide sequences 
have diverged to the extent that the latter, in particular, may 
have acquired different functions in rat and man Equally it 
might be argued that such extreme sequence divergence implies 
that the flanking peptides do not have a significant biological 
role, but are present merely to ensure that the calcitonin pre- 
cursor protein is in the correct conformation for processing 
within the secretory pathway Chemical synthesis of the human 
cryptic peptide sequences should resolve questions related to 
biological function, antibodies raised against each peptide may 
be used to investigate the processing of the calcitonin precursor 
polyprotein, and to determine the presence and levels of the 
circulating cryptic peptides in subjects of different age, and in 
varying conditions of calcium stress? The antibodies may also be 
used to characterize high-molecular-weight circulating variants 
of human calcitonin often associated with ectopic synthesis and 
secretion? 

The availability of a cloned human calcitonin cDNA probe 
will allow comparisons to be made between human calcitonin 
gene structure and expression ın normal thyroid tissue, and in 
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familial and sporadic medullary carcinoma of the thyroid 
cDNA probes could also be used to investigate linked DNA 
polymorphisms, thereby providing a quick and reliable means of 
distinguishing between familial and sporadic medullary 
carcinoma of the thyroid, avoiding extensive and often invasive 
investigations’ Finally, the probes may be used for definitive 
studies of the molecular mechanisms involved in ectopic 
synthesis of calcitonin 

We thank Professor P N Campbell for his continued support 
and encouragement and Dr M O Dayhoff of the National 
Biomedical Research Foundation for the computer search for 
homologies within the cryptic flanking peptides 
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Although recent advances in the study of the molecular genetics 
of the antibody system have greatly increased our understanding 
of the generation of immunological diversity’, the state of 
B-cell differentiation at which diversification and specificity 
commitment occur has yet to be determined. In particular, it is 
unclear whether the entire repertoire of antibody specificities in 
an individual is expressed in the absence of selective forces, such 
as antigenic stimulation or network regulation. It has recently 
been suggested that some elements of variable region 
diversification, particularly somatic mutations, may accompany 
the shift from the IgM to IgG isotype**°. These findings support 
the view that much of B-cell repertoire diversity is the result of 
antigen-driven somatic events, because isotype shifts normally 


occur after antigenic stimulation™™™. As these experiments 
used antibodies obtained after at least one in vivo antigenic 
stimulation, they do not address the possibility that the selection 
occurring during clonal expansion and subsequent IgG synthesis 
may favour the use of clones expressing unique antibody 
specificities (clonotypes) far removed from the innate or 
frequently occurring germ-line sequences. To test whether B- 
cell diversification may precede IgM expression, we have now 
determined the range of diversity available in the primary IgM 
antibody repertoire by studying the clonal heterogeneity of 
monocional IgM antibodies expressed by BALB/c mice in 
response to phosphorylcholine (PC). Our results indicate that 
the repertoire of IgM antibodies in an inbred murine strain 
exceeds 10’ clonotypes. This diversity is sufficiently large to 
preclude meaningful comparisons between the IgM and IgG 
repertoires and suggests that antibody diversification may occur 
early in B-cell differentiation. 

Spleen cells from non-immune adult BALB/c mice were 
injected intravenously into irradiated (1,300 rad) BALB/c 
recipients that had been immunized with 0 1 mg of Limulus 
polyphemus haemocyanin (Hy) 1-2 months previously Splenic 
fragment cultues were established as described elsewhere** *5 
and stimulated with 3-p-azophenyl-phosphorylcholine-N - 
acetyl-L-tryrosy!-glycylglycine-BOC-hydrazide-Hy to obtain 
monoclonal anti-PC responses’? A radioimmunoassay (RIA) 
was used to identify fragment cultures containing monoclonal 
anti-PC antibodies and to determine the immunoglobulin 1so- 
type! Similar to previous results’®, one B cell in 8x104 
produced monoclonal anti-PC antibodies which were 1diotyp1- 
cally indistinguishable from the TEPC-15 (T15) myeloma pro- 
tein by either purified rabbit anti-T15 idiotype antibody or 
anti-idiotypic antisera raised in A/J mice using assay methods 
and reagents which have been previously described’> An addı- 
tional 1 in 10° B cells yielded non-T15 anti-PC monoclonal 


Table 1 Classification of monoclonal antibodies into indistinguishable groups by 
the criterion of hapten tnhibition of antibody binding 


Monoclonal No of foci 
antibody ICPC IC.p>GPC ICC in group 
5581 0 020 0 40 15 1 
5552 0 025 16 25 1 
5431 0 032 0 20 32 3 
5265 0 032 0 50 10 3 
5527 0 04 010 25 1 
5446 0 04 0 20 10 1 
5635 005 0 13 50 1 
5388 005 0 40 16 11 
5603 005 0 50 50 1 
5347 005 079 25 1 
5112 013 079 25 45 
5293 0 20 20 50 1 
$349 0 32 0 20 50 1 
5254 0 32 10 32 2 
5144 0 32 16 32 1 
5358 0 32 25 100 1 
5599 0 40 0 063 0 50 1 
5292 0 40 10 25 25 
5315 0 50 0 40 50 4 
5386 050 13 79 1 
5276 10 0 40 20 1 
5337 32 32 16 1 
5275 34 38 28 1 


Monoclonal antibodies had hapten inhibition profiles which were unique or 
representative of several antibodies The haptens PC, a-glycerophosphory]l- 
choline (GPC) and choline (C) were used to inhibit binding by monoclonal 
antibodies to polyvinyl plates coated with the antigen PC-BSA by a method 
reported previously’’ 0 1ml of the appropriate hapten in phosphate-buffered 
saline (PBS) was added individually to each well The plates were incubated for 2 h 
at room temperature and then washed and labelled with '?*I-labelled anti-u 
antibody After incubation at 4 °C overnight and washing, each well was counted in 
a y-counter Each culture fluid was run ın triplicate for each hapten concentration 
and controls ın quadruplicate with PBS The percentage of control binding which 
remained tn the presence of each hapten concentration tested was then calculated 
ICsq 18 expressed here as the concentration of hapten (in mmol) giving 50% 
inhibition of binding 
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antibodies and 109 of these, derived from 14 donors, produced 
sufficient IgM antibody (> 100 ng) to permit a comprehensive 
analysis 

The fine specificity of the non-T15 IgM anti-PC monoclonal 
antibodies was assessed by hapten inhibition (HI) of their bind- 
ing to phosphorylcholine~bovine serum albumin (PC~-BSA)*” 
Using the standard errors derived from replicate assays of both 
T15-positive and T15-negative IgM foci, we estimate that two 
antibodies can be distinguished from one another if their ICs, 
values differ by greater than twofold for any of the three 
haptens Table 1 gives the ICs» values of all 109 non-T15 IgM 
antibodies Twenty-three HI patterns were observed The reac- 
tivity patterns of focus 5112 and those of 44 other non-T15 
antibodies are indistinguishable from that of the T15 myeloma 
protein and 26 tested IgM monoclonal antibodies bearing the 
T15 idiotype The single focus (5275) reactive with a rabbit 
anti-MOPC 167 idiotypic serum ıs also indistinguishable from 
MOPC 167 by reactivity pattern analysis Insofar as hapten 
inhibition of binding can be used as a measure of affinity of 
antibody for antigen*®, it ıs clear that non-T15 IgM monoclonal 
antibodies exist which possess both higher and lower affinity for 
PC than does the T15 myeloma protein 

To discriminate further between the antibodies with indis- 
tinguishable HI patterns, the isoelectric points (pI) of all 109 
antibodies were determined by sucrose gradient isoelectric 
focusing (IEF)? The pls of the 45 antibodies which shared HI 
properties with the T15 myeloma protein ranged from pH 3 35 
to pH605 Similarly, the pIs of antibodies indistinguishable by 
HI analysis from foc: 5292 and 5388 were pH3 7-64 and 
PH3 9-5 95 respectively Since antibodies that focus at iso- 
electric points > 0.2 pH units apart can be unambiguously dis- 
tinguished from one another, each group of antibodies defined 
by HI criteria could be subdivided on this basis 

As a final criterion for discriminating antibodies not clearly 
distinguishable by HI or IEF, each IgM monoclonal antibody 
was assessed for partial reactivity with rabbit or mouse anti-T15 
idiotype specific antisera Of the 109 non-T15 antibodies, 42 
displayed partial cross-reactivity with the mouse anti-T15 1dio- 
type Of these, 23 displayed no reactivity with the rabbit anti- 
T15 reagent, 3 reacted with the rabbit anti-T15 onal 1 weight 
basis and 16 showed partial reactivity One other antibody 
reacted with the rabbit anti-T15 reagent 1 1 by wt but showed 
no cross-reactivity with mouse anti-T15 None of the four 
antibodies showing complete reactivity with rabbit anti-T15 
shared HI characteristics with the T15 protein (for example, 
antibodies 5358 and 5635, Table 1) However, of the 42 anti- 
bodies displaying partial reactivity with mouse anti-T15, 24 
(57%) shared the HI pattern of the T15 protein, which may 
imply a preferential, but not absolute, association of partial 
mouse anti-T15 reactivity with T15 HI characteristics 

Because the distinguishing criteria for each method were set 
well within their discriminatory limits, some groups of anti- 
bodies classified as indistinguishable by our criteria may not be 
identical by amino acid sequencing On the other hand, 
differences among antibodies detected by the identification 
techniques used are unambiguous 

By combining all three methods, monoclonal antibodies dis- 
playing 60 distinct sets of properties could be discerned among 
the sample of 109 splenic foci tested Statistical treatment of 
single (42) versus recurrent (18) clonotypes (counting clono- 
types which recur 1n an individual only once to avoid the effects 
of clonal expansion”’) gives a minimum extrapolated value for 
total IgM anti-PC clonotypes in BALB/c mice of >10? 
(ref 21) Note that the vast majority of B cells responding 
in these conditions can be classified as primary by several 
criteria”? 

By far the most ımportant ımplıcatıons of the present study 
relate to the question of the degree of diversity ın the primary 
IgM repertoire Several recent findings have been interpreted as 
demonstrating that the IgM repertoire 1s far more restricted in 
clonotype heterogeneity than the IgG repertoire and that 
diversification may occur at the clonal Jevel in conjunction with 
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the switch from IgM to IgG production? Gearhart and 
colleagues have sequenced a set of hybridoma IgM and IgG 
anti-PC antibodies, both positive and negative for the T15 
idiotype’, and find that the variable region amino acid sequences 
of all the IgM antibodies are identical to that of a germ lme- 
encoded variable region gene, whereas the sequence of the IgGs 
differ considerably from their germ-line counterparts As IgG 1s 
known to eventuate from clones which also express IgM!"~"3, the 
finding that IgG diversity may exceed IgM diversity 1s consistent 
with the postulate that both diversification and IgG commitment 
are consequences of antigenic stimulation 

An alternative possibility ıs that all diversification occurs at 
the stem cell stage before surface immunoglobulin expression by 
expanded B-cell clones’? If this were the case, then the 
apparently greater diversity of the IgG, compared with the IgM, 
repertoire would be the result of differential selection and 
expansion of particular pre-existing clones from an already vast 
repertoire, rather than a consequence of de novo antigen- 
induced diversification Indeed, that a MOPC 167-like 
specificity 1s expressed in the IgM repertoire suggests that a 
clone which 1s a likely somatic variant of the T15 germ-line Vy° 
and V,’ sequences can be triggered ın the primary IgM immune 
response given the appropriate stimulatory conditions 
However, this possibility could be verified only by analysis of the 
relevant antibody or nucleotide sequences 

The findings reported here demonstrate the extreme diversity 
of the IgM primary B-cell repertoire Non-T15 B cells represent 
1 in 10° of all responsive B cells and display at least 107 IgM 
clonotypes, including one which 1s indistinguishable by idiotypic 
and HI characteristics from MOPC 167, a known somatic 
vanant*” If such clonotypes are representative of the repertoire 
as a whole, then an inbred murine strain can synthesize > 107 
different IgM antibodies Such diversity effectively precludes 
accurate comparisons between repertoires of individuals or 
repertoires expressed in one isotype compared with another 
These data do not prove that the IgM repertoire 1s as diverse as 
the IgG repertoire, but do suggest that conclusions concerning 
the diversity of the IgM and IgG repertoires may be premature, 
as the apparent restriction observed ın the IgM repertoires may 
be an artefact of the sampling techniques Conclusive proof that 
diversification accompanies isotype switch will come only from 
amino acid sequence analysis of antibodies of two isotypes 
derived from a single B-cell clone. 

This work was supported by the USPHS grant AI 15797 from 
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Head-to-tail tandem duplications of DNA sequences have been 
observed to occur naturally in chromosomal DNA of mam- 
malian cells"? and head-to-tail tandem arrays of DNA 
sequences can be induced upon gene amplification®*, In these 
cases such sequences have not been detected as free or plasmid 
forms. After transformation by the two papovaviruses, polyoma 
and simian virus 40 (SV40), the viral DNA sequences integrated 
into the host chromosome are often found in head-to-tail 
tandem arrays’ *. When either a partially permissive environ- 
ment for viral DNA replication exists (polyoma-rat or SV40- 
human cells) or after fusion of non-permissive transformed cells 
with permissive cells (polyoma—mouse or SV40-monkey cells), 
free viral forms are induced provided that a functional viral 
replication protein and a competent viral origin of DNA repli- 
cation are present’*. These results have led to the hypothesis 
that excision of integrated sequences occurs by viral DNA 
replication within the chromosomal DNA”. We show here 
that free polyoma molecules can be excised from partial head- 
to-tail duplications of integrated viral sequences in the absence 
of a functional viral replication protein (large T antigen [T-Ag]) 
after fusion of transformed rat cells (partially permissive) to 
permissive mouse cells. The amount of free viral forms produced 
appears to be proportional to the extent of duplicated integrated 
viral sequences. 

Table 1 gives some properties of the five polyoma-trans- 
formed rat cell lines used One cell line, polyoma-rat, contains 
multiple inserts of integrated viral sequences, free viral genomes 
and at least one complete early region containing an intact 
coding region for the polyoma large T-Ag The maps of the 
single inserts of the integrated viral sequences of the other four 
lines are shown ın Fig 1 These lines do not contain free viral 
forms or an intact coding region for the polyoma large T-Ag All 
five lines contain intact coding regions for, and produce, the 
polyoma small and middle T-Ag species, one or both of which 
are involved in polyoma-mediated transformation’ ‘*’? Only 
the polyoma-rat cells contain functional polyoma large T-Ag of 
molecular weight 100,000 (ref 7), whereas the 2b-C2, 2b-C3 
(ref 20) and 7axT (ref 14) lines contain other anti-T-Ag 
© immunoreactive proteins which may be truncated forms of the 
large T-Ag (Table 1) No anti-T-Ag immunoreactive proteins 
other than the polyoma small and middle T-Ags are detectable 
in the 53-rat cells’ 

The 53-rat and 2b-C3 inserts contain partial head-to-tail 
tandem duplications of viral sequences which are respectively 
1 17-1 34 and 1 05-1 32 genomes long’ These two lines are 
able to form an intact coding region for the polyoma large T-Ag 
as a result of homologous recombination within the duplicated 
sequences Duplicated viral sequences are not found ın either 
the 7axT (0 79 genome) or the 2b-C2 (0 97-10 genome) 
inserts ** 7° 

All five lines were fused either to themselves or to mouse cells 
and the fused cells were assayed for free viral forms (at varying 
times) or the production of infectious virus (after 5 days) In the 
self-fused cells, free viral forms were found only 1n the polyoma~ 
rat cells (also present in the unfused polyoma-rat cells), no virus 
was detected (<50 plaque-forming units (PFU) per 10° cells) in 
the self fusion of the polyoma-rat cells The production of both 
free viral genomes and infectious virus was detected after fusion 
to mouse cells of polyoma-rat and the two lines, 2b-C3 and 


53-rat, containing partial duplications of viral sequences (Table 
1, Fig 2) Free viral DNA could be detected as early as 12 h after 
fusion of 53-rat or 2b-C3 to mouse cells (data not shown) In the 
two lines that did not contain partial duplications of viral 
sequences, 2b-C2 and 7axT, no free viral forms or infectious 
virus could be detected after fusion to mouse cells (Table 1, Fig 
2) In the fusions of 2b-C3 and 53-rat with mouse cells, 
the amount of viral DNA and infectious virus produced (Table 1, 
Fig 2) seems to be related to the amount of duplicated 
viral sequences present (more in 53-rat than ın 2b-C3), sug- 
gesting that excision may be a function of the target size for 
possible recombination events as has been observed ın other 
systems?’ ™”4 

The production of detectable levels of free viral DNA from 
2b-C3 and 53-rat after fusion to mouse cells presumably occurs 
in two steps The first step would be the excision of a complete 
viral genome by homologous recombination ın the duplicated 
sequences forming a viral molecule, with an intact coding region 
for the viral replication protein (large T-Ag) The second step 
would be amplification of the complete viral genomes by large 
T-Ag-dependent replication in the permissive environment 
supplied by the mouse cells As no large T-Ag was detectable 
before fusion, we conclude that the excision event does not 
depend on replication at a viral origin as a result of a virus- 
encoded replication protein as has been postulated for SV40*° 
We cannot rule out the possibility that replication ın either the 
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Fig. 1 Maps of the integrated viral DNA sequences in 53-rat, 
2b-C3, 7axT and 2b-C2 cell lines as determined by Southern blot 
hybridization’ 1420 and molecular cloning (A Hayday, E Ruley, 
LL anc MF, in preparation) The heavy lines represent 
integrated polyoma DNA sequences The hatched boxes define the 
regions ın which the viral and cellular DNA sequences are joined 
The positions of the cleavage sites for EcoRI and BamHI, the 
coding region for large T-Ag and the direction of the viral early and 
late transcription units are indicated Ori represents the origin of 
the viral DNA replication The region of the DNA not represented 
in the mRNA for large T-Ag (spliced-out) 1s indicated by a wavy 
line The map of polyoma DNA (top) ıs linearized at the Ort 
position The numbers above the map of each line are map units 
(MU) as defined by Griffin et al *° 
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Table 1 Properties of the five polyoma-transformed rat cell lines used 
T-antigen species i Sa After fusion with mouse cell 
Viral DNA state - Large-T Middle-T Small-T PFU per 10° 
Cell lines Free f Integrated (100,000) (55,000) , (22,000) Others Free DNA* cells fusedt 
Polyoma-rat + Multiple inserts tandem duplication + + + None +++ 2x 10° 
53-rat = Single insert tandem duplication l — + + None ++ 5x10 
: (1 17-1 34 genome} 7 
2b-C3 - Single insert tandem duplication - + + (50,000) + 2x10 
(1 05-1 32 genome) ` l 
7axT — Single insert (0 79 genome) — + + (75,000) — <50 
2b-C2 = Single insert (097-1 genome) , _- + + (78,000) — <50 
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The organization and expression of the polyoma DNA sequences of the cell lines used have been reported previously polyoma-rat and 53-rat (ref 7), 7axT (ref 20), 


2b-C2 and 2b-C3 (ref 14) Numbers in parentheses are molecular weights 


* The presence of free viral DNA was determined as described in Fig 2 legend + Indicates the relative abundance of polyoma DNA 1n the Hirt supernatants 
+ 10° transformed cells were seeded together with 5 x 10° mouse embryo cells in 90 mm Petridishes After 24 h at 37 °C the cells were fused using the polyethylene glycol 
procedure described by Pontecorvo*® The cells were then incubated at 37 °C for 5 days, then collected and assayed for the presence of infectious virus The average value of 


six independent experiments 1s shown 


integrated viral sequences or the adjacent host DNA sequences 
was not induced by fusion with the mouse cells It1s also possible 
that the fusion event itself enhances homologous recom- 
bination, resulting in the excision of complete viral genomes 
Although we could not detect free viral genomes before fusion ıt 
1s possible that homologous recombination was occurring at a 
low level in the 2b-C3 and 53-rat cells but the amount of excised 
genomes, which do not replicate efficiently in the rat cells, was 
below our detection level unless amplified by replication ın the 
permissive environment supplied by the mouse cells Recently, 
Varmus et al” have also reported the excision of Moloney 


2b- 2b- 53- Py- 
C2 7axT Py C3 rat rat 
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Fig 2 Detection of free viral DNA 24 h after fusion of the transformed cell 
lines with mouse cells Transformed cells from each of the five cell lines were 
fused with mouse cells as described ın Table 1 legend The presence of free 
viral DNA was determined after fractionation of the cellular DNA using the 
SDS-salt precipitation method of Hirt?° The Hit supernatant DNAs were 
extracted with phenol, ethanol-precipitated, then treated with RNase 
(50 gml! for 3h at 37°C), extracted with phenol and ethanol-pre- 
cipitated For each sample, 5 wg of Hirt supernatant DNA were cleaved with 
EcoRI and the resulting fragments analysed by electrophoresis through a 1% 
agarose gel The DNA ın agarose gel was transferred to nitrocellulose paper 
according to the procedure of Southern?! After transfer the filters were 
hybridized as described previously’ 2° with a polyoma DNA probe The 
polyoma DNA was labelled im vitro by nick-translation* to a specific activity 
of 2x10°cpm yg After hybridization the filters were washed ın 0 6% 
SSC, 0 1% SDS for 2-3 h at 68°C The filters were then exposed to Fujı Rx 
film ın the presence of intensifying screen Fuji Mach II at —80 °C for 16h 

Lane Py contains 50 pg of the linear form (EcoRI cleaved) of polyoma DNA 

Long exposure (1 week) of the filter does not reveal any Other bands When 
the EcoRI digestion was omitted, the Hirt supernatants of the heterokaryons 
of 2b-C3, 53-rat and Py-rat showed only the presence of free viral molecules 

as forms I and II kb, Kilobase 


murine leukaemia virus DNA from cellular DNA apparently by 
homologous recombination between repeated sequences at the 
ends of the provirus - 

Our results may have implications for cellular, DNA A 
mechanism of rearrangement of genetic information may 
involve homologous recombination ın head-to-tail tandemly 
duplicated cellular DNA sequences, with the excised circular 
DNA becoming inserted ın another region of cellular genome It 
would be interesting to know whether the ‘minicircles’ observed 
by others”? in many cell types are actually derived from 
duplicated cellular sequences 
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Erratum 


In the letter ‘Tumour promoters induce mitotic aneuploidy in 
yeast’ by J M Parry etal, Nature 294, 263-265 (1981), Figs 2 
and 3 should be transposed, and ın column 3 of Fig 1 the lower 
chromosome should read 
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Intellectual underworld 


THIS is a timely book for a number of 
reasons. Some simple people — canny, 
they imagine themselves to be — ever on 
their guard against being imposed upon by 
scientific and medical ‘‘establishments’’ 
are still willing to believe in those brilliant 
lone geniuses whose work was ridiculed by 
the establishment before being triumph- 
antly vindicated. Such people have a 
natural taste for fringe medicine, spoon 
bending and such. A sharp corrective was 
needed and this book supplies it. Even if it 
will not be read by those most urgently in 
need of the lessons it teaches, it will be read 
delightedly by scientists. Gardner warns 
those with paranoid views on the establish- 
ment not to ‘‘forget that for every example 
of a crank who later became a hero there 
were thousands of cranks who forever 
remained cranks’’. He is rightly indignant 
at the way in which TV programmes have 
sometimes disparaged the establishment to 
support fringes: when a responsible watch- 
dog committee reproached a number of 
NBC officials for that network’s ‘‘out- 
rageous pseudodocumentaries about the 
marvels of occultism one official shouted 
in anger ‘I'll produce anything that gets 
high ratings!’.”’ 

Gardner’s book is made specially 
readable by his deliberate avoidance of 
detailed analytic criticisms of the exhibits 
in his museum — believing it not worth 
while to explain just why he himself does 
not believe Venus to have been a rogue 
satellite of Jupiter that passed by the Earth 
en route to its present orbit — nor does he 
stoop to criticize the idea that the Earth is 
pancake shaped. No: Gardner’s technique 
is to allow his subjects to speak for 
themselves and condemn themselves out of 
their own mouths. Thus of a work on 
dianetics (‘‘the science of mental health’’) 
he simply invites us to share his 
consternation at its authors’ having said 
‘The creation of dianetics is a milestone 
for man comparable to his discovery of fire 
and superior to his invention of the wheel 
and arch’. Examples then follow. 

Perhaps because of President Reagan’s 
well-known predilection for creationism, 
Gardner relaxes his self-imposed ordinance 
against analytic criticism when he turns to 
the opponents of evolution who hold the at 
one time popular view that existing fossils 
are relics of life before the flood. An old 
view, this (was it not Cuvier who named a 
fossil ichthyosaur as Homo diluvii testis — 
man-witness-of-the-flood?). We need not 
wonder that much of Gardner's copy 
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Science: Good, Bad and Bogus. By Martin 
Gardner. Pp.408. ISBN 0-87975-144-4. 
(Prometheus: 1981.) $18.95. 
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Martin Gardner — urbane, amused and 
even-tempered. 


comes from the United States because the 
USA is so enormous, and so numerous are 
its schools, colleges and religious 
seminaries, many devoted to special 
religious beliefs ranging from the unortho- 
dox to the dotty, that we can hardly wonder 
at its yielding a more bounteous harvest of 
gobbledegook than the rest of the world 
put together. Gardner devotes special 
attention to the anti-evolutionary views of 
a retired professor of geology at the Walla 
Walla College in Washington who was 
cited as an authority by William Jennings 
Bryan during the famous Scopes trial. 

Some of the best passages in the book 
deal with that genuinely sad figure, the 
hermit scientist, a paranoic who is driven 
into the occupation of a tiny little world of 
his own to protect himself from what he 
thinks of as the uncomprehending enmity 
of orthodox scientists who reject his views 
out of jealousy or frank ignorance, 
Sometimes 
around the Master will cluster a group of ardent 
admirers — either disciples whose own psycho- 
logical demands find identification with those of 
the Master, or simply naive cultists who lack the 
knowledge to penetrate the Master's self 
deceptions. 

Some of Martin Gardner’s marvels of 
pseudoscience are effectively frauds, 


though they may have begun in good faith: 
thus of the discredited cancer cure 
Krebiozen he says that it consists of 
“nothing more than creatine” — an 
inexpensive chemical already present in the 
body. Though retailing at about 30 cents a 
gram, a dose containing a fraction of a 
milligram was meted out in return for a 
‘donation’ of $9.50 and its backers 
quoted the Government a price of $170,000 
per gram. Another such bogus medicament 
was safflower oil prepared from the 
flowers of Carthamus tinctorius L. and 
sold in conjunction with a ‘‘worthless best- 
seller” Calories Don’t Count; it provoked 
the FDA into impounding both book and 
capsules though the book still sells as a 
paperback, doubtless because of the 
welcome message its title brings. As 
Gardner says: 


It will be a long time until the average citizen is 
well enough informed about science to make the 
promotion of popularly written pseudo- 
scientific books unprofitable. And as long as 
they are profitable you can be sure they will be 
written and printed, 


Gardner’s book adds special weight to a 
distinction I myself am fond of drawing 
between natural science and unnatural 
science. The unnatural sciences ape the 
manners and the outward appearance of 
real science. They are especially dis- 
tinguished by the belief that the use of the 
computer is a sign of scientific manhood 
and almost a guarantee of authenticity. 
The outward appearances to which I refer 
are the use of long and impressive-sound- 
ing words, the profligate invention of 
abstract concepts and above all the use of a 
literary style that obfuscates more often 
than it makes clear. 

Generally speaking Gardner is urbane, 
amused and even-tempered in his con- 
demnations of the bogus, but there is one 
subject that can be relied upon to bring him 
out of his corner with arms already flailing: 
this is occultism, written to pander to a 
public with a genuine predilection for the 
mysterious. Horoscopes for dogs, the infil- 
tration of the human mind by thought 
waves from dolphins arouse his genuine in- 
dignation. 

Not all scientific nonsense is written by 
cranks though: quite a lot of it is the work 
of scientists themselves, very often of 
scientists who, not content with the 
research upon which they can speak with 
some authority, asseverate upon difficult 
subjects of which they have no deep under- 
standing. Such are electrician—eugenicists, 
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astronomer—microbiologists and all 


scientists hungry for the recognition or 
applause their fellow scientists have so far 
withheld from them. Sometimes, too, to 
make a good story, inexperienced scientists 
are cajoled by interviewers into making 
presumptuous claims for their work, after 
which instead of withdrawing as gracefully 
as the situation allows they feel honour 
bound to stand by their ideas. K] 





Sir Peter Medawar is Head of the 
Transplantation Biology Section at the Medical 
Research Council’s Clinical Research Centre, 
Harrow, Middlesex. 


Collected receptors 
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Towards Understanding Receptors. 
Current Reviews in Biomedicine, 1, Edited 
by John W. Lamble. Pp.233. ISBN 
0-444-80339-4. (Elsevier/North-Holland 
Biomedical: 1981.) $25, £7. 





RECEPTORS participate in a wide variety of 
cellular processes, ranging from intercellu- 
lar communication to the absorption of 
nutrients from the environment. Indeed, 
the term “‘receptor’’ is used so widely that a 
universally acceptable definition is not 
possible, and perhaps the only necessary 
criterion is that the receptor should be a 
cellular constituent capable of binding a 
ligand and generating a response. 
However, even this leaves open the 
questions relating to natural and unnatural 
ligands and responses, and illustrates the 
importance of emphasizing the context in 
which the word is used. 

In this book, it refers to the receptors 
which have interested pharmacologists for 
many decades, that is, those involved in the 
actions of hormones, transmitters, drugs 
and toxins. The book consists of over 30 
relatively short articles which appeared 
originally in Trends in Pharmacological 
Sciences, and which relate to the role of 
receptors for such ligands as acetylcholine, 
noradrenaline, dopamine and opiates. 

The brevity of the contributions permits 
a wide range of subjects to be covered, but 
it does mean that there is a tendency to- 
wards dogmatism and polemic. However, 
if one approaches the book as an introduc- 
tion to the current status of a variety of 
subjects on receptors, one cannot fail to 
find it an enjoyable and profitable read. It 
is likely that with the ever-growing 
information explosion on specialized 
subjects, there will be an increasingly 
important role for books such as this, 
which serve as a halfway house between the 
popular New Scientist and the more 
weighty Annual Reviews. 


Gordon Koch is at the MRC Laboratory of 
Molecular Biology, Cambridge. 
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Soil chemistry: an open book 


T.S. West 


The Chemistry of Soil Processes. Edited by 
D.J. Greenland and M.H.B. Hayes. 
Pp.714. ISBN 0-471-27693-6. (Wiley: 
1981.) £37.85, $89.85. 





The Chemistry of Soil Processes is the 
companion volume to The Chemistry of 
Soil Constituents, published by Wiley in 
1978 and edited by the same two dis- 
tinguished soil scientists. These two 
volumes bear a close resemblance to 
Russell’s definitive treatise, Soil Con- 
ditions and Plant Growth (10th Edn, 
Longmans, 1974), though as an edited 
work they cannot present the same 
comprehensive yet unified view. On the 
other hand I feel, like many others, that soil 
science is such a diverse subject and one 
that has expanded its boundaries to such an 
extent in recent years that no single author 
can really cover all of the topics involved. 
These days it is necessary to involve 
specialists who can treat each aspect in 
depth, as Greenland and Hayes have done. 

A knowledge of the chemistry of soils is 
of importance to many scientists other than 
those entirely involved in soil work and, 
therefore, I find it particularly encouraging 
that the present volume is one that may 
readily be comprehended and appreciated 
by all chemists who have some knowledge 
of or interest in the biological sciences. The 
chemistry, too, is treated in such a way that 
it should be easily assimilated by specialists 
in other disciplines such as microbiology 
and geology. To most readers, therefore, 
this will be a fairly open book with easily 
recognized concepts and aims. It is well 
written and neatly illustrated, and I par- 
ticularly applaud the avoidance of 
excessive use of mathematical manipu- 
lation by all of the authors. 

The opening chapter — written, most 
appropriately, by the editors — is an 
excellent scene-setter for the following 
contributions. It traces the historical 
development of soil science through an 
overview of the subjects of pedology, soil 
chemistry, soil biology and soil physies. 
The following two chapters treat the move- 
ment of mobile components within the soil 
profile and precipitation phenomena, for 
example, the deposition of carbonates, sul- 
phates, phosphates and aluminosilicates 
which all play an important role in most 
considerations of soil chemistry. Cation 
and anion exchange phenomena, which are 
sO Important in plant nutrition, and the 
fixation of added fertilizers are then con- 
sidered separately by different authors, 
and this is followed by an extensive review 
of the adsorption of nutrients etc. by soil 
components such as clays and humic 
substances. A particularly well written 
account of redox phenomena describes the 
profound effect these have on soil 
chemistry and reactivity. These chapters 
lead on logically to four separate treat- 


ments of the translocation of metal ions in 
soils, the fate of plant and animal residues, 
fertilizers and heavy metals in soils; finally, 
there is an account of the behaviour of 
pesticides in soils. The book is provided 
with excellent indexes of subject matter 
and authors. 

The 13 contributors are all recognizably 
expert in their individual subjects and, 
whether or not it has arisen by careful 
planning or by happy coincidence, a rather 
unique, synoptic view of soil chemistry has 
emerged which is most unusual in a book 
with so many authors. The depth and treat- 
ment is entirely satisfactory and there 
appear to be few if any serious incon- 
sistencies. 

There is no doubt in my mind that this 
well-written book will be of the utmost 
value to all junior, and senior, students of 
soil science, and an invaluable aid to all 
who have to refer periodically to matters 
relating to soil chemistry. : 


enmen 


T.S. West is Director of The Macaulay Institute 
for Soil Research, Aberdeen. 





An animated Earth 
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The Earth Generated and Anatomized: An 

Early Eighteenth Century Theory of the 
Earth. By William Hobbs. Edited by Roy 
Porter. Pp.158. ISBN 0-8014-1366-4. 
(British Museum (Natural History)/ 
Cornell University Press: 1981.) £24.50, 
$35. Paperback available from the 
BM(NH), £8. 





WHEN opening a university geology 
department, Stanley Baldwin once 
compared geological research with the 
writing of detective stories. Bow Street 
runners played little part in the develop- 
ment of geology, but excise men certainly 
did, the most famous being members of the 
Peach family whose watch over a whisky- 
filled wreck off northern Scotland led to 
the discovery of fossils which first demon- 
strated the Palaeozoic connection of 
Scotland and North America. That dis- 
covery was made in the nineteenth century. 
Now Dr Porter brings to light a 
geologically-minded excise man from the 
early eighteenth century. His name is 
William Hobbs. He recorded the tides 


@A paperback edition of Somatic Selection 
and Adaptive Evolution by Ted Steele 
(reviewed in Nature 288, 306; 1980) has 


recently become available in the USA. The 
book is published by the University of 
Chicago Press and costs $5.95, 
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around Weymouth and more remarkably 
noted the fossihferous rocks of the Dorset 
coast None of his work has been pre- 
viously published, who he was or what else 
he did stil! remains obscure despite Dr 
Porter’s careful enquiry 

The main part of this book, which forms 
a welcome addition to the Historical Series 
of the Natural History Museum, Is a 
manuscript which Hobbs completed in 
1715 Its history ıs obscure, ıt emerged in 
1825 when ıt was sold in Southwark and 
surfaced again in a London sale room some 
150 years later, when the Natural History 
Museum acquired ıt With his knowledge 
of eighteenth century geology, Dr Porter 1s 
just the person to edit ıt and he has done a 
thorough job He provides an 
introduction, identifying Hobbs as far as 
this 1s possible — a detective story in itself 
— and adds extensive notes on the milieu in 
which this solitary observer had to work 
With little formal education Hobbs 
appears to have spent years 1n observation 
along the Dorset coast in a singlehanded 
enterprise 

He had the good judgement to pick on 
two phenomena which that coast shows 
well In recording the tides he was doing 
something that others had done before, but 
in understanding the significance of the 
stratification of the fossiliferous Mesozoic 
rocks he entered new territory Reflecting 
on his evidence, however, he came to a 
wholly erroneous explanation Hobbs 
himself describes his flash of inspiration 
“I had (at a place well remembered) clearly 
discovered the Body of the Earth to be an 
Animal’’ He supposed the tides were due 
to movements within the Earth and 
explained the fossiliferous sediments as 
dating froma time when the outer parts of 
the Earth were plastic He linked these two 
explanations and supposed that pulsations 
within the Earth could account for them 
Some years before he wrote the manuscript 
published here, he had sent a paper cover- 
ing much the same ground to the Royal 
Society, which rejected it The referee’s 
comments have survived 
I find him to have a Clear Head, and to be a 
person of great Diligence and pretty good 
Judgment considering his Want of Learning, 
but his Philosophy 1s much inferior to his 
Observations of Matters of Fact 
That comment could equally be applied to 
what 1s now published Although the 
explanations are nonsensical one cannot 
help but admire Hobbs’s ability to observe 
and record This manuscript was well 
worth bringing to light, not only does ıt 
show what a solitary individual was able to 
do, but it illuminates a wider question Dr 
Porter has considered on earlier occasions, 
the extent to which nineteenth century 
geologists drew on eighteenth century 
thinking, erroneous as that sometimes 
was L 





John Sutton i Pro Rector and Professor of 
Geology at Imperial College, University of 
London 
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Symbiosis and the origin of cell organelles 


T Cavalier-Smith 


Symbiosis in Cell Evolution Life and its 
Environment on the Early Earth By Lynn 
Margulis ISBN hbk 0-7167-1255-5, ISBN 
pbk 0-7167-1256-3 (W H Freeman 1981 } 
Hbk $24 50, £18 20, pbk $14 95, £10 40 


Few sights are more fascinating than the 
teeming microbes from the hind-gut of 
termites and wood-eating cockroaches To 
Professor Margulis they also hold the clue 
to our own origins By 1960 electron 
microscopy had shown tnat the pro- 
karyotic cells of bacteria and cyanophytes 
differ fundamentally from the eukaryotic 
cells of plants, animals, fungi and 
protozoa This, and the discovery of 
chloroplast and mitochondrial DNA, led 
Ris to revive Mereschkowsky’s old idea 
that chloroplasts evolvea from endo- 
symbiotic cyanophytes and Margulis to 
revive Wallin’s theory of mitochondrial 
origin from symbiotic bacteria. Stimulated 
by Cleveland’s discovery that the termite- 
gut symbiont Mixotricha ıs propelled by 
thousands of ectosymbiotic spirochaetes, 
Margulis also suggested that cilia evolved 
from such ectosymbionts 

The central thesis of her Origin of 
Eukaryotic Cells (Yale University Press, 
1970) was that eukaryotic cells originated 
by the symbiotic uptake of an aerobic 
bacterium by a wall-less, mycoplasma-like 
prokaryote to form mitochondria, 
followed by the conversion of ectosym- 
biotic spirochaetes into clia and of cilia 
into the mitotic spindle In that book she 
also discussed the symbiotic origin of 
plastids and the interplay between 
biological and geochemical evolution 
Symbiosis in Cell Evolution 1s very 
similar, but sadly takes little account of the 
extensive new electron microscopic and 
biochemical evidence accumulated over 
the past decade, or of published criticism of 
many of her ideas Written as a readable 
elementary textbook, it 1s avowedly a one- 
sided point of view which ignores conflict- 
Ing evidence or arguments that might 
distract the reader from her message 

The author has missed tne opportunity 
to elaborate what should have been her 
strongest suit the symbiotic origins of 
plasuds Cyanophora, the eukaryote poss- 
essing a blue-green plastid with peptidogly- 
can inits envelope but with DNA the same 
size as chloroplast DNA, is dismissed as a 
“unique, dead-end symbiotic complex” 
merely serving as a model of how plastids 
might have originated Butif one compares 
the cell structure of Cyanophora, the othe: 
non-peptidoglycan-containing Glauco- 
phyceae and the red algae, it 1s evident that 
they form a continuous spectrum which 
strongly suggests tha: the Cyanophora 
plastid is a ‘‘living fossil’” directly 
descended from the same endosymbiotic 
cyanophyte that was ancestral to all 
eukaryote plastids 


Margulis’s entire treatment of the 
diversity of plastid types 1s minimal and 
inaccurate The origin of the three 
membranes of the plastid envelopes in 
Euglena and the dinoflagellates is not 
discussed (Euglena 1s incorrectly drawn 
with two membranes) Nor ts the origin of 
the plastid endoplasmic reticulum, which 
others have wel] explained in terms of a 
second symbiotic event involving a 
cukaryotic symbiont (she incorrectly states 
that chrysophyte and phaeophyte 
envelopes are triple) 

The author’s diagram of eukaryote 
phylogeny shows 15 separate symbiotic 
origins for plastids, but no justification 1s 
given for this — 1t 1s not obviously deduc- 
ible from her apparently unilinear scheme 
of mitotic evolution — or for the assertion 
that several independent symbiotic events 
produced the chlorophytes The scheme 
itself ıs essentially ner 1967 one (J Theor 
Biol 14, 225-275), based largely on half-a- 
century-old light microscopy and her 
symbiotic theory of ciliary origin, rather 
than modern ultrastructural data The 
latter enter the book only in the ten pages 
devoted to part of Heath’s splendid 
tabulation of protist mitotic variation 
(fungi are oddly omitted as irrelevant) 

Margulis’s attachment to her five-step 
scheme of mitotic evolution makes her say 
(incorrectly) that ‘‘no animal cell that bears 
undulipodia [a cumbersome neologism for 
9 +2 chaj can ever divide’? And it ıs hard 
to see how her step II, the permanent loss of 
cilia, could lead to steps I - V which are 
ciliated Step | — organisms with cilia but 
lacking mitosis — 1s based on her theory 
(hat spindles evolved from cilia rather than 
on concrete evidence Prorocentrum does 
have mitosis, and Pelomyxa palustris has 
not been clearly shown to lack ıt, both con- 
trary to what ıs stated She barely mentions 
the conventional view that spindles evolved 
from cytoplasmic microtubules, and erects 
as the sole alternative to her view the Aunt 
Sally that they originated as episomes, 
which no one has suggested It 1s also a 
mistake to call the autogenous origin of 
calha ‘‘compartmentalization’’, or to tie 
their autogenous origin indissolubly to the 
autogenous origin of plastids She seems 
not to conceive that anyone could accept 
the symbiotic origin of plastids and reject 
the symbiotic origin of ciha, yet most 
biologists do just this 

For mitochondria, Margulis assumes 
rather than debates a symbiotic origin A 
reasonably strong case for this theory can 
be made by supposing that the host was 
already fully eukaryotic and capable of 
phagocytosis (for example the mitochon- 
drion-less flagellate protozoa) But she 
makes her task almost impossible by sup- 
posing that symbiotic uptake preceded the 
origin of the eukaryotic cell and 
phagocytosis Because prokaryotes lack 
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phagocytosis and never contain cellular en- 
dosymbionts she supposes that the sym- 
biont bored its way in, like a predatory 
Bdellovibrio The problem with this ıs that 
Bdellovibrio bores only through the cell 
wall, not the plasma membrane, and so 
never even enters the cell, which it also 
kills Moreover, the hypothetical wall-less 
host would have no wall to bore through! 
She now favours Thermoplasma rather 
than mycoplasmas as potential hosts, 
despite the fact that Thermoplasma have 
branched ether-lmked membrane hpids, 
not phospholipids, and so could not be 
ancestors of eukaryotes Further, she fails 
to realize that the resemblances between 
the respiratory system of purple non- 
sulphur bacteria and eukaryotes could be 
explained non-symbuotically by the conver- 
sion of a purple non-sulphur bacterium 
autogenously into nucleus, cytoplasm and 
mitochondria, and gives only one out-of- 
date reference to Mahler’s extensive 
arguments for such an origin Her descrip- 
tion of which mitochondnial molecules are 
coded by mitochondrial DNA ıs imac- 
curate, incomplete and misleading 

The treatment of mitochondrial origins 
is Inadequate, split-genes and,RNA splic- 
ing receive only three lines and the unique 
mitochondrial code but half a line The 
origin of the different cristal morphologies 


Attractive rigour 
D. Sherrington 


The Theory of Magnetism I Statics and 
Dynamics By Daniel C Mattis Pp 295 

ISBN 3-540-10611-1/0-387-10611-1 

(Springer-Verlag 1981 ) DM 72, $32 80 


THE study of magnetism has been one of 
the growth areas of the past decade It has 
interest not only in its own right, but also as 
a testing ground for the quantum- 
mechanical theory of interacting electrons 
and as aconvenient example for illustrating 
and probing important questions ın statıs- 
tical mechanics Practical applications are 
legion, but mainly confined to ferro- and 
ferrimagnetism The fundamental interest 
les more in the intellectual challenge which 
the subject offers to pure physicists, indeed, 
this challenge has even attracted the 
attention of elementary-particle theorists 

There are two extreme approaches to the 
theory of magnetism, the phenomenologi- 
cal and the strictly fundamental At an ın- 
termediate level hes the study of idealized 
models, but with wide variations in em- 
phasis on rigour or qualitative conception 
Most books on magnetism treat the basics 
in a fairly cavalier fashion and tend 
towards a semi-quantitive treatment of 
models Mattıs ıs a welcome exception His 
inclinations are towards full rigour, 
eschewing sleights-of-hand or glossing- 
over of difficulties 


that some see as evidence for multiple sym- 
biosis 1s totally ignored, as 1s the evolution 
of mechanisms to transfer nuclear gene 
products into mitochondria The problem 
of gene transfer to the nucleus 1s barely 
mentioned 

Her classification of living organisms 1s 
better than most, but has several incon- 
sistencies for example, acceptance in the 
text of the basic distinction between 
Archaebacteria and Eubacteria 1s not 
reflected in the appendix Her prokaryote 
phylogeny ignores the important data from 
16S RNA sequences A major defect of the 
book ıs the absence of critical phylogenetic 
analysis, upon which the testing of sym- 
biotic ideas largely depends 

The book contains many errors, for ex- 
ample non-Mendehan heredity in 
Chlamydomonas ıs not a consequence of 
uniparental transmission of chloroplasts, 
the gene for the ribulose biphosphate car- 
boxylase large subunit is ın the chloroplast 
not the nucleus, and Cyanophora has a 
pellicle not a cell wall Such an important 
idea as the role of symbiosis ın cell evolu- 
tion, which Professor Margulis has done 
much to promote, deserves more thorough 
and more careful treatment than this [7] 





T Cavaher-Smith ts a Lecturer in Biophysics at 
King’s College, University of London 


The book ıs the first of a two-part set 
This volume 1s divided almost equally bet- 
ween a detailed analysis of the quantum- 
mechanical basis of magnetism and an 1n- 
cisive study of several of the intermediate 
models Subjects discussed include such 
modern ones as solitons, the Kondo effect, 
Bethe’s ansatz and vortices in the XY 
model 

Mattis’s relentless approach will not be 
to everyone’s taste, but his book will be a 
useful addition to the library of anyone 
deeply interested in the origins of 
magnetism and the careful study of 
mathematical models The statistical 
mechanician, or the particle theorist look- 
ing for hints on how to solve the lattice 
gauge theory problem, may, however, 
prefer to wait for the second volume which 
will cover thermodynamics and statistical 
mechanics 

Finally, praise must be given for the ın- 
troductory chapter, 38 pages long, which 
spells out the history of magnetism from 
the earliest days to the present, places 1t in 
the perspective of the general evolution of 
physics and the development of Western 
thought, and is backed up by marvellous 
quotations and an impressive bibhio- 
graphy This chapter can be strongly 
recommended to anyone interested ın the 
history of science and, almost alone, would 
justify purchase of the book C 
D Sherrington ıs Reader in Theoretical Solid 


State Physics at Imperial College, University of 
London 
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Receptor development 
Eugene R. DeSombre 





Ontogeny and Phylogeny of Hormone 
Receptors By G Csaba Pp 172 ISBN 
3-8055-2174-X (Karger 1981 ) DM 172, 
$86 25 


WHILE Professor Csaba does not entirely 
accomplish the awesome task of providing 
a synthesis and critica] evaluation of our 
current knowledge of the ontogeny and 
phylogeny of hormone receptors, in this 
book he does provide a useful introduction 
tothe subject Most valuable for those who 
may not have closely followed Csaba’s 
work, the monograph includes extensive 
data (72 figures and 18 tables) from his 
contributions on the interactions and 
biological effects of various hormones of 
higher organisms in Tetrahymena and 
Planaria It starts from first principles on 
the basic concepts of cybernetics and 
information transfer related to hormone- 
receptor function and gives a general 
summary of our understanding of 
hormone-receptor interactions, paying 
especial attention to hormones active at 
the plasma membrane 

The subject of the phylogeny of 
receptors 1s presented almost exclusively 
using examples from studies with 
Tetrahymena and Planaria, with only 
occasional reference to other species And 
while the section on ontogeny deals to a 
limited degree with higher animals — spec- 
ifically, developmental aspects of receptors 
in the neonatal chick and rat — as well as 
with data from Tetrahymena and Planania, 
neither of the two parts can be considered 
to be a definitive review of the topics 

Nonetheless, because of the excellent 
documentation of a variety of studies in 
these lower species, the useful introductory 
comments and a substantial concluding 
discussion, the book ts more than a simple 
summary of Csaba’s own experiments His 
account of various possible developmental 
routes which could give rise to observed 
hormone and receptor patterns ın different 
phyla ıs certainly valuable Unfortunately, 
the rich literature on steroid hormones, the 
action of which is mediated through 
cytosolic receptors, 1s less well integrated 
into the presentation The speculation that 
cytosolic receptors for steroid hormones 
may have evolved from membrane 
receptors, an interesting concept, 1s not 
well-developed ın the book and the entire 
steroid hormone area 1s represented only 
by a few selected references 

More appropriately entitled Selected 
Topics on the Ontogeny and Phylogeny of 
Membrane Active Hormone Receptors, 
this monograph provides an interesting, 1f 
limited, entree to the developmental 
aspects of hormone receptors $ 
E a ee 
Eugene R DeSombre is a Professor in the Ben 
May Laboratory for Cancer Research and 


Director of the Biomedical Computation 
Facilities at the University of Chicago 





eee 


Nature Vol 295 4 February 1982 















4 February 1982 





Unemployment and the future 


Most Western governments are seeking separate solutions for unemployment. They should do 
more to prove to the jobless that there will be a future, and should agree how to bring it about. 


The long recession ın the industrialized West has now brought 
its most daunting and predictable consequence unemployment 
In Britain, the total now out of work exceeds 3 million, or close on 
10 per cent of the potential workforce In West Germany, after 
several resilient years, the Jobless rate ıs now pushing 7 percent In 
the United States, the growth of unemployment has been even 
sharper Even Japan has not escaped unscathed Soitisinevitable 
that there should be great cries of protest at this state of affairs, 
and that governments everywhere should be under pressure to 
modify their monetary policies, devised with varying degrees of 
good sense to counter rapid inflation (Reagonomics, devised ın 
Washington with the different objective of unshackling industrial 
production, has had the same effect because the hard-headed 
New York money markets have agreed to let the Administration 
and others borrow money only at deflationary interest rates ) 
Politically, such pressures cannot indefinitely be resisted In 
Britain, ıt ıs well remembered that the Heath government 
embarked ın 1973 on its ultimately disastrous policy of reflation 
because unemployment had exceeded the daunting figure of one 
mulion Although all governments except the French say they will 
continue to regard unemployment as a kind of lesser evil, the 
danger 1s that they will hurriedly change course for the wrong 
reasons, and at the wrong time 

Unemployment at the rates now customary 1s naturally hard for 
even those stillat work tostomach For those without jobs, a large 
proportion of the younger of whom have never worked, 
unemployment ıs a personal tragedy that ıs only madequately 
offset by programmes of social security devised to avoid the 
umproverishment of the 1930s So much ıs commonly accepted, as 
1s the proposition that a high degree of unemployment ıs a social 
waste of people’s capacity and willingness to work Yet the 
present plight of a substantial proportion of the working 
population in advanced societies 1s not merely an inevitable but an 
intended consequence of economic policies now in force, which 
have in turn been forced on governments by events ın the past 
decade and ın particular by the substantial increase of the 
international price of oil ın 1973 and 1979 To pretend otherwise 1s 
to suppose that the rules of simple arithmetic can be suspended at 
will — which 1s not to say that there 1s nothing that can be done 

The first need, however, 1s to be clear where the present trouble 
has come from Compared with the happy years before 1973, oil 
consumers are now paying more than $200 extra for each tonne of 
oil they use For many, this entails a straight transfer of resources 
to the oil-producing states, which may either decide to convert 
their funds into a claim on the resources of the oil consumers or, 
alternatively, may choose to lend back the money through the 
banking system Either way, customers for oil on the 
international markets can have hoped to weather these storms 
without impoverishment only by increasing their production and 
therefore their productivity Japan and West Germany 
honourably followed that principle for several years Elsewhere, 
governments chose to follow their voters’ wish that the truth 
should be concealed from them, inflation gathered pace and had 
then to be countered by deflationary policies which reduced 
people’s capacity to buy what they think they need and which in 
turn have now cast their shadow on the economic stalwarts of the 
West This argument applies even to Britain, outwardly self- 
sufficient in oil, because the once cheap oil from the Middle East 
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has been replaced by expensive oil from the North Sea, won only 
by capital and resources that might otherwise be used for more 
produciive purposes 

For those who would cure unemployment quickly, the snag 1s 
that increased productivity is the enemy of job creation The 
dilemma for Western governments ıs that the contimuation of the 
recession will improve the former — even ın Britain, productivity 
in manufacturing industry increased by more than 7 per cent last 
year — but will increase the unemployment queues And the 
opposite 1s true — reflation would reduce the immediate misery of 
unemployment but jeopardize the long-term health of the 
economy So are governments irretrievably boxed in? Not 
necessarily Those most seriously afflicted are mght to resist 
demands that jobs should be ‘‘created’’ in uneconomic pursuits 
but, on recent form, cruelly indifferent to the need to explain how 
the unemployment problem may eventually be solved People 
who have just lost their jobs are understandably unwilling to 
accept that their musfortune must wait while inflation 15 
contained So what should governments attempt to do? 

First, domestically, there 1s an urgent need that people 
displaced from jobs that have disappeared should be given a 
tangible and imaginative opportunity to prepare for the more 
productive world ın which they may yet have the good fortune to 
live Although the British government, for example, now plans to 
spend more generously on training programmes, and 1s in 
particular planning to offer every school-leaver who fails to find a 
job some structured opportunity for training at work, there 1s 
nothing to suggest that the results will generally be to make people 
more employable ın the years ahead By the same tests, all 
governments must recognize that the key to long-term prosperity 
— production, productivity and employment all high — 1s a more 
effective international division of labour than at present Here 
too, unfortunately, the omens are not cheerful Protectionist 
tendencies are increasing, with governments seeking to shield 
from overseas competitors industries that will never make 
economic sense Is there a chance that the folly of these policies 
will be openly acknowledged, as ıt should be, at the ‘‘economic 
summit” advertised for June? 

While they are about it, the governments ın June should tackle 
the still more tricky question of how collectively to manage the 
transition from where we are to where we hope to be. What 
criteria will be used for telling when ıt will again be safe to let up in 
the battle against inflation? By what common criteria should 
governments decide that the tıme has come to invest in public 
works, or to allow commercial companies to borrow money at 
more modest interest rates? And by what agreed rules should the 
value of national currencies be determined and then adjusted? 
Putting these questions to many of the more orthodox turning up 
in June will be a little hke asking a gathering of churchmen to 
define the circumstances ın which sin is acceptable In reality, the 
challenge 1s not so great For the agreements negotiated towards 
the end of the Second World War at Bretton Woods 1n the United 
States, which were the basis of international financial relations 
until they collapsed between 1969 and 1971, were themselves an 
awkward adjustment between financial probity and an imperfect 
world Whats needed now 1s an open recognition that the world 1s 
far from perfect, that the governments that inhabit it are even less 
so and that, nevertheless, they must agree to act ın concert 
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Goodbye to guidelines 


Recombinant DNA guidelines are on the way 
out. What should be learned from them? 


This week’s meeting of the Recombinant DNA Advisory 
Committee at the National Institutes of Health in the United 
States will be seen as not so much a landmark as a milestone ın the 
brief but eventful history of the most elaborate attempt so far to 
regulate scientific research After two years of agonizing in the 
wake of the Asilomar conference of 1974, government agencies 
produced rules for research with recombinant DNA which, once 
promulgated, were almost as quickly dismantled Already, the 
guidelines in force are a pale shadow of the tough regulations that 
caused many professional people to protest that governments 
were planning to interfere with research — and many members of 
the lay public to complain that the controls were entirely 
madequate But on present form, the whole apparatus of 
regulation will have all but disappeared within a decade of being 
proposed Has the whole exercise been a waste of busy people’s 
time? What can be learned from ıt? 

That busy people’s time has been occupied 1s of course beyond 
dispute People who might have been cloning some gene, or 
setting up some new biotechnology company, have instead been 
required to turn up at meetings of advisory and safety 
committees There ıs probably also something ın the complaint 
that umportant experiments were delayed by the lack of facilities 
necessary for compliance with the guidelines, or by the diversion 
of creative people’s talents to the development of organisms even 
less capable of survival in the human gut than the standard 
laboratory strains of E col:K12 So, now, there are two common- 
place appraisals of the experience of the past few years Some 
workers 1n the field claim that they have said from the beginning 
that the potential dangers of recombinant DNA research were 
exaggerated, and that the regulations were pointless and a 
needless interference with free research Others, more 
circumspect but also more cynical, say that the guidelines were an 
unfortunate necessity, an exercise 1n public relations whose value 
is attested by the way in which the public clamour about the 
hazards of genetic manipulation has died down The truth, 
however, lies with the smaller company of professionals who 
acknowledge that the guidelines were both necessary and 
valuable, that experience of their operation has been instructive 
and that the history of the recent past should be remembered well 

The argument ıs simple and straightforward At Asilomar and 
in the months that followed, many people ın a good position to 
know the truth held that the hazards for the general population of 
the construction of novel organisms could be serious The hazards 
were always hypothetical, involving processes not then (or since) 
demonstrated ın the real world Those who claim to have known 
all along that the guidelines were unnecessary did at the time argue 
that organisms encumbered artificially with foreign genes were 
unlikely to be effective competitors ın tissues which they 
happened to infect, but were too scornful of the now common 
difficulty of deciding how to assess a large danger which has only a 
very small probability In the event, the erosion of the guidelines 
promulgated by the National Institutes of Health (and analogues 
elsewhere) has been made possible by scientific rather than 
philosophical developments — the discovery that the replication 
of genes in eukaryotic cells is more complicated than ın bacteria 
for example In 1976, the decision that there should be guidelines 
of some sort was not merely prudent but responsible So, now, 1s 
the general agreement that the guidelines may be further 
attenuated without risk 

For the most part, the guidelines have also been well kept, even 
by thesceptics The few know transgressions, in the United States 
and elsewhere, appear to have been engendered as much by 
frustration at the differences in guidelines applying to competing 
laboratories as to deliberate attempts at cheating In the United 
States, the dominant role of the National Institutes of Health in 
supporting research must have been a powerful deterrent — 


which 1s why, ın the history of this period, the failure of successive 
Admunistrations to apply to industrial laboratories the sanctions 
applicable to academic laboratories will seem odd, to say the least 
Where guidelines have been backed by legislation, asin the United 
Kingdom, the courts have not been packed with recalcitrant 
molecular biologists The scientific community can claim credit 
on this score 

So what should happen now? Should the guidelines simply be 
torn up, and the accompanying bureaucratic apparatus 
dismantled? That would be to go too far To the extent that the 
foreseeable hazards of recombinant DNA research have become 
no more than coextensive with the risks of working with whatever 
naturally occurring organisms are involved, the existing rules for 
research with pathogenic organisms are sufficient Separate rules 
for recombinant DNA research are therefore unnecessary, while 
voluntary compliance with further attenuated regulations will be 
meaningless Yet the issues which have been raised ın the past 
several years are interesting and have also made a mark on the 
public mind What ıs needed, now, 1s a periodic and public 
reassessment of the risks, hypothetical though they may still be 

For laboratories, the most important procedural discovery 
since Asilomar ıs that local safety committees have not turned out 
to be the interfering busybodies they were feared to be Even when 
(as required by the National Institutes of Health) lay members 
were appointed, the outcome has more often been public 
enlightenment than outside intrusion into the conduct of 
research Indeed, the precedent of local safety committees 
including members from the nearby community 1s one that should 
be more widely adopted in other fields, for example where 
laboratories have an interest that they should be known to care for 
their experimental animals — and that the general public should 
be sensible of their dilemma It would be no harm if this 
institution were the chief monument to the guidelines period 


Maths without teachers 


British schoolteachers cannot teach 
mathematics properly, but nobody ıs surprised. 


How should mathematics ve taught? And by whom? These 
questions have perplexed the British educational system ever since 
it acknowledged, in the 1950s, that everybody profits from 
education, of which mathematics 1s an essential ingredient In 
despair at not knowing how the questions should be answered, 1n 
September 1978, the then British government set up a committee 
under Dr W H Cockcroft, Vice-chancellor of the New University 
of Ulster in Coleraine, to suggest what might be done The 
committee’s report now published (Mathematics Counts, 
HMSO, £5 75) ıs as well polished as the time ıt has taken to 
prepare requires in decency that ıt should be It ıs also full of 
sensible suggestions for the better organization of mathematics 
teaching ın British schools But on the main issues, the report 1s 
muffled 

The trouble with mathematics teaching 1s that the shortcomings 
of one part of the educational system are visited upon all others 
University courses in mathematics, notoriously arid, are also the 
chief source of teachers ın secondary schools who are saddled with 
responsibility for teaching mathematics to intending teachers in 
primary schools Hitherto (and, indeed, until 1983) ıt has been 
possible for young people to embark on careers as teachers 
without having a formal qualification in mathematics at 
secondary school, even though they will be required to teach 
mathematics to young children The result 1s that mathematics 
teaching 18 everywhere tentative — experts ın graph theory teach 
elementary algebra to thirteen-year-olds, inexpert people wrestle 
with seven-year-olds on the conundrum of proportionality The 
underlying fault, which Cockcroft does not tackle, 1s that the 
British educational system makes a fetish of specialization too 
early, and pays too little regard to general education at all levels 
Paying some good mathematics teachers more, and the other 
stratagems he advocates, may help in the short run Changing the 
way the British educate their young 1s the only long-term remedy 
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California may 
ask academics 
to declare all 


Washington 

Under new regulations proposed by the 
state’s Fair Political Practices Committee 
(FPPC), research scientists at the 
University of California will no longer be 
given a blanket exemption from conflict- 
of-interest regulations covering other state 
employees 

Until now, scientists have argued that 
academic freedom protects them from 
being required to disclose their personal 
stake ın outside companies with which they 
may be involved These ground-rules are 
now being shifted, largely as the result of 
several well-publicized cases ın which 
faculty members have profited sub- 
stantially from such linkages 

Last month, at a meeting in Sacramento, 
the state capital, the members of FPPC 
voted by three votes to two to require that 
any scientist who accepts a research 
contract from a private corporation must 
declare to the university whether he or she 
has a financial interest ın that corporation 

The University of California had 
previously volunteered to introduce an 
internal system requiring scientists to 
report potential conflicts of interest to their 
heads of department The regulations 
being proposed by FCCP would not only 
formalize this arrangement, giving the state 
the authority to check that such reporting 1s 
being carried out, but would also require 
the university to set up internal review panels 
at each campus to which conflict-of-interest 
problems would be referred 

The commission’s proposal has been 
published for public comment before its 
formal adoption, expected early next 
month It does not go as far as some of the 
university’s critics would have liked, ın 
particular, a legal aid group known as 
California Rural Legal Assistance, which 
has been leading a campaign against 
research into labour-saving agricultural 
machinery at the university’s Davis 
campus, had petitioned the commission to 
require research scientists to declare all 
their interests ın outside corporations 

In their present form, the regulations 
would permit a scientist to keep 
confidential his or her stakes ın a private 
company interested ın the same area of 
research if the research were funded by a 
public agency The regulations would 
therefore be more liberal than the full 
disclosure required of other state officials 

However, if the regulations are 
approved — and are subsequently accepted 
by the state’s Office of Administrative Law 
— ıt would mean that faculty members on 
all nine campuses of the University of 
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California could no longer use academic 
freedom as a reason for exemption from 
the conflict-of-interest rules 

The law which covers the regulations was 
passed in the early 1970s as part of a 
nationwide movement to ‘‘clean up” the 
actions of state and federal officials ın the 
wake of the Watergate scandals Its main 
purpose is to ensure that state officials are 
notin a position to gain financially through 
links with outside contractors and other 
corporations 1n which they may have a 
personal interest 

Soon after the law was passed, its 
application to the state university was 
challenged by the university’s board of 
regents on the grounds that it infringed the 
academic freedom of faculty members At 
the time FPPC, which was set up to 
administer the regulations, accepted this 


Another French 


Molecular biologists in France are 
sleeping a little less easily this week, 
following the spectacular resignation of 
one of their more important polhtical 
friends, Professor Philippe Laudat, from 
his post as director-general of the Institut 
National de la Santé et de la Recherche 
Medicale (INSERM) 

Laudat waited until after the National 
Colloquium on Science and Technology 
(see Nature 21 January, p 180) before 
sending his letter of resignation to the 
Minister of Health, M Jack Ralite, and the 
Minister of Science and Technology, M 
Jean-Pierre Chevénement It was against 
his own ““personal ethics’’, he wrote, after 
working energetically for the policies of the 
previous government, to work now for 
“noticeably different policies” 

The munustries appeared surprised 
Laudat’s resignation was neither desired 
nor solicited, said a spokesman for the 
Minister of Health ‘‘AIl we did was to ask 
Laudat to take account of the conclusions 
of the National Colloquium and the 
regional assizes [which preceded ıt] ” 

INSERM will certainly do that now — 
for the new director-general will be M 
Philippe Lazar, who was chief rapporteur 
for the colloquium Lazar 1s 45, studied at 
the Ecole Polytechnique and ıs an 
epidemiologist interested ın the social and 
economic aspects of health Huis star rose 
with the new government, and his 
appointment mav shift INSERM away 
from its present strong empnzasis on basic 
biology towards the clinical and softer 
sciences 

The issues are complex, however 
Clinical science ın France ıs generally 
thought to be weak Those who work in 
university hospital clinics are supposed to 
teach, care for patients and somehow also 
find time for research The research 
suffers Clinicians are sore that the last 


Making private interests public 


argument and allowed an exemption 

Since then, pressure on research workers 
to establish closer links with the private 
sector has increased as both state and 
federal funding has decreased The 
consequent growth of linkages between 
faculty scientists and outside corporations 
has been particularly noteworthy in the 
development and exploitation of 
recombinant DNA techniques and genetic 
engineering Frequently, however, this has 
led to tensions between academic and 
commercial pressures 

One campus of the unrversity 1s already 
involved ın a law suit over the ownership of 
a cell line passed to research workers 1n the 
private sector and subsequently patented, 
another has told an agricultural scientist 
working on nitrogen fixation that he 
cannot both remain principal investigator 


director resigns 


government increased INSERM’s effort ın 
molecular biology (with an eye on its 
application ın industry) whilst neglecting 
sciences closer to medicine There ıs thus a 
battle for resources within INSERM 
between the clinical scientists and the pure 
Scientists, a phenomenon not unknown 
elsewhere 

However, the matter was complicated 
by Laudat’s creation of international 
panels of experts, which doled out money 
for certain priority projects These panels 
were outside the normal semi-democratic 
control of INSERM’s partially-elected 
review committees, and inevitably they 
tended to favour the successful (usually 
basic) laboratories, to the neglect of the 
ailing clinical research system 

The strong French scientific trade unions 
have long demanded that the international 
committees should be advisory to, and 
vetted by, INSERM’s elected committees 
— a procedure which Laudat clearly felt 
would destroy their effectiveness Since the 
unions now have much greater leverage on 
the government, the fear now 1s that this 
kind of democratic reform will go ahead — 
with the result that INSERM resources will 
be spread more evenly and thinly — exactly 
what Laudat was trying to avoid 

But the government — and Lazar — are 
unlikely merely to capitulate to union 
pressure Chevenement, ın particular, 1s 
well aware of the ineffectiveness of many 
university hospital clinics, but he puts it 
down to inefficient structures, in particular 
the overbearing power of the ‘‘grands 
patrons”, the ‘‘gerontocracy’’ that rules 
French medical laboratories and — 
according to some — stifles research This 
view, together with the munuister’s 
determination to boost biotechnology and 
Its base in molecular biology, may in the 
end refresh French biology rather than set 
it back Robert Walgate 
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on a university project sponsored by a large 
fertilizer corporation and help run a private 
research company in which the same cor- 
poration has invested considerable capital 
(see Nature 8 October 1981, p 417) 

A representative of the university said 
last week that the new regulations 
proposed by FPPC represented an ac- 
knowledgement of some of the recent 
scientific developments affecting 
university—industry relations ‘‘particularly 
in genetic engineering, which were not 
foreseen when we went into this business’’ 

The precise form ın which scientists wull 
be required to disclose either their own 
financial interests, or those of their spouse 
or children, in companies financing their 
research has still to be worked out by the 
university Also under discussion is the way 
that the new reporting requirements would 
be policed Here the conventional 
procedure at the university ıs that, 
although faculty members are under no 
legal obligation to make details of their 
outside interests available to the university, 
they can be barred from promotion or 
salary upgrading — both of which must be 
approved by the state — if they donot do as 
required 

So far, the university has reacted 
cautiously to the proposed regulations, 
recognizing that they have considerable 
support in the political community One 
official on the Berkeley campus claimed 
that, although many faculty members felt 
they were being unnecessarily penalized for 
the excessive actions of a few, the general 
reaction was a reluctant acceptance 

But the debate may not be over Some 
faculty members have apparently indicated 
informally that they may challenge the new 
regulations in court on the grounds that 
they constitute an infringement of 
constitutional rights California Rural 
Legal Assistance ın turn ıs suggesting that 
it, too, may sue the state if it feels that the 
regulations are not tight enough 

David Dickson 


Polish higher education 


Whose pigeon? 


Academic freedom cannot be used to 
combat socialism and to reduce life to 
anarchy, General Wojciech Jaruzelski told 
the Seym (Polish parliament) last week 
This was the first meeting of the Seym since 
the introduction of martial law The two- 
hour speech was intended to justify the 
drastic measures of 13 December 

On the universities, he noted that the 
‘‘political tensions’’ of the past year had 
involved most of the higher education 
system, and ‘‘weakened the pace” of 
academic work, creating ‘‘painful gaps’’ ın 
study The ‘‘reinstatement of law and 
order’’, however, was now creating con- 
ditions for normal work ın the universities 
“We want to continue the democratization 
of academic life, to ensure the self- 
government and autonomy of the 
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colleges’’, he said The new higher 
education bill should, he said, go ahead 

In spite of his professed support for 
autonomy, the general suggested that more 
government control over research would be 
necessary In many institutes, he said, the 
practical results of research are nugatory, 
and the ‘‘discipline of scientific research’’ 
must be increased In this respect he 
criticized all three sectors of Polish science 
— the universities, the Academy of 
Sciences and the ‘‘departmental’’ institutes 
belonging to the production munistries 
Hitherto the ‘‘departmental’’ sector has 
been given financial priority and better 
fringe benefits A main plank of 
Solidarity’s programme for science and 
culture had been parity between the three 
sectors Now, it appears, the three sectors 
may at least attain parity ın the degree of 
government control The state, said 
Jaruzelski, must reserve for itself the super- 
vision of the cost-effectiveness of expen- 
sive research, and there should be no 
repetition in the future of ‘‘misguided 
specialist advice”’ 

This last remark appears to refer to the 
grandiose investment projects envisaged by 
the Poland-2000 programme of the Gierek 
regime — although for the past 18 months 
the major criticism aimed by the scientists 
at Gierek was that he commissioned expert 
reports, and then went ahead with his plans 
for political reasons ın spite of economic 
and technical indications to the contrary 

The form that the Polish research struc- 
ture will now take 1s unclear from the 
general’s speech, although clearly 
Solidarity’s hopes of block-grants for 
academic research, with autonomy for the 
universities in the allocation of available 
resources seem unlikely to materialize One 
possibility much discussed during the past 
18 months had been the dissolution of the 
existing Munistry of Science, Higher 
Education and Technology, and the 
combination of the higher education sector 
with the Munistry of Education and 
Upbringing to form a single education 
ministry, as existed ın Poland before 1972 
In that event, a Ministry of Science and 
Technology would be created with respon- 
sibility for all the ‘‘departmental’’ 
institutes now belonging to the various pro- 
duction ministries, while the Academy of 
Sciences would continue with its present 
quasi-muinisterial status 

It 1s not yet certain that these plans will 
be frustrated The combination of science, 
higher education and technology 1n a single 
ministry has so far favoured the 
appointment of a scientist as minister The 
new minister, however, appointed last 
week to replace Dr Jerzy Nawrocki who 
resigned soon after the declaration of 
martial law, 1s Professor Benon 
Miskiewicz, a military historian, who, until 
1981, was rector of the Adam Mickiewicz 
University of Poznan The appoimtment of 
a munister from the humanities could be the 
first step towards the eventual 
reorganizationoftheministry Vera Rich 


Recombinant DNA guidelines 


Only formality 


Washington 

The Recombinant DNA Advisory 
Committee (RAC) of the US National 
Institutes of Health (NIH) ıs to meet in 
Bethesda, Maryland, next Monday to 
decide whether to recommend the coup de 
grace for federal regulations introduced six 
years ago to cover research using 
recombinant DNA techniques 

Many scientists are urging the committee 
to support a proposal that, asa final step in 
dismantling regulations initially intro- 
duced as protection against potential 
hazards from such research, would 
transform them into a voluntary code of 
practice Several state and city legislatures, 
however — most recently the health 
committee of the California State 
Assembly — say that if this happens, they 
may adopt their own stringent regulations 

Judging by past experience, the most 
likely outcome ıs that a compromise 
formula will be worked out by NIH While 
reducing the overall stringency of the 
regulations, this will probably stop short of 
making them voluntary in the hope of 
heading off local, more restrictive 
controls 

Two proposals have been put to RAC as 
possible major revisions to the NIH guide- 
lines The more radical suggestion was 
originally put forward by Dr David 
Baltumore of Massachusetts Institute of 
Technology and Dr Allan M Campbell of 
Stanford University 

In its current form, which committee 
members agreed at their last meeting ın 
October should be published for public 
comment, this revision would reduce the 
recommended containment level for 
almost all experiments to P1 physical con- 
tainment, eliminate all current pro- 
hibitions on certain experiments (though 
retaining two as ‘‘admonishments’’) and 
abolish the mandatory aspects of the guide- 
lines (see Nature 17 December 1981, p 606, 
for full details) 

A less severe revision has been proposed 
by RAC member Dr Susan Gottesman, of 
the National Cancer Institute’s Laboratory 
of Molecular Biology This would also 
revise and relax the containment 
requirements, but the guidelines would 
remain mandatory, and ıt would still be 
necessary for universities and research 
institutions to operate Institutional 
Biosafety Committees 

Officials at NIH report that, although 
both proposals have been widely dis- 
tributed to the scientific community, the 
response has been much less than that to 
previous proposals to hberalize the guide- 
lines made when the public debate about 
the safety of recombinant DNA techniques 
was at its height 

Some of those on both sides of the 
debate are clearly coming to an end of their 
stamina ‘‘I cannot think of any letter that I 
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Secretary General of the Communist Party 
and President of the Council of the Supreme Soviet, 
Leonid Brezhnev, Moscow, Kremlin 


Sir, 






of the Second World War 


trial or having been sentenced 






have written that has had any effect at all, 
those of us who think NIH has been dis- 
mantling the guidelines too fast still feel as 
strongly as ever, but we see no evidence that 
anyone listened to what we were saying’’, 
says Dr Susan Wright of the University of 
Michigan 

Most of the letters received by NIH’s 
Office of Recombinant DNA Activities 
from individual members of the scientific 
community, commenting on the two 
published proposals, support the more 
radical revision, which would make the 
guidelines voluntary This support, the 
apparent waning of public concern over the 
potential hazards of recombinant DNA 
research, legislative efforts to spur the 
commercial application of genetic en- 
gineering, and the anti-regulatory leaning 
of the Reagan Admmiustration appear to 
favour a move towards less control 

The single factor which could prevent 
this, however, 1s a resurgent militancy ın 
communities in different parts of the 
country, particularly where new debates 
about the safety of the research have been 
triggered by the ambitious plans of the 
genetic engineering industry 

Both the Boston Biohazards Committee 
and the Cambridge Biosafety Committee, 
for example, have written to NIH 
expressing their opposition to any move 
that would make the guidelines voluntary 

In California, the state assembly’s health 
committee has recently held two hearings 
on the growth of biotechnology companies 
in the state and the current status of federal 
safety regulations The chairman of the 
committee, Mr Art Torres, says he would 
consider introducing legislation enforcing 
the guidelines 1f NIH made them voluntary 

With a large proportion of the nation’s 
genetic engineering research taking place ın 
Cahfornia, threats of state legislation are 


0028-0836/82/050359-023$01 00 


A letter to Leonid Brezhnev. . . 


We have followed with great interest your remarks in the press and on television, 
on the occasion of your latest visit to Bonn, expressing your concern for the 
maintenance of world peace This concern 1s shared by all responsible and 

thinking people throughout the world, independently of their ideological differences, 
and we stand with you in your desire to preserve humanity from destruction 


At the time of your visit, however, we were shaken by the news that your country's 
Nobel! Peace Prizewinner, Prof Andrei Sakharov, and his wife, Yelena Bonner, 

had embarked on a hunger strike of unlimited duration The ensuing response 

of the Soviet government, averting the danger to the Sakharovs' lives, was seen 

by the entire world as an act of human:tarianism Indeed, we recognize in your 
government's action an important contribution to detente, a regard for human 
rights being basic to and inseparable from the search for peace 


The awarding of the Nobel Peace Prize to Andrei Sakharov acknowledges that 
he engaged himself unequivocally in the interests of world peace independently 
of his successes in physics This recognition of Prof Sakharov 1s a tribute also 
to all your countrymen who, like our own, are filled with the sincere desire 

for the peaceful coexistence of all nations following the dreadfu sacrifices 


In January 1980, Prof Sakharov was exiled to Gorky, without benefit of a court 


As members of the international scientific community, we feel we cannot ignore 
the circumstance that Prof Sakharov, in his two years of exile, has been unable 
to carry out his scientific work We see here a clear threat to the freedom of 
scientific endeavour, and indeed to the freedom of the human spirit 


We therefore appeal to you to accede to Sakharov's repeated request for a full 
trial, or to allow him to return to his work at the Soviet Academy of Sciences 


Prof Dr Gabriele Taugner 














An English translation of 
a letter which was sent on 
29 December last year to 
Soviet leader Leonid 
Brezhnev and signed by 
136 scientists at the 
University of Heidelberg, 
West Germany 

















not being treated idly by NIH In the past, 
university scientists have made strenuous 
efforts to prevent Congress from enacting 
Jegislation that would turn the NIH 
guidelines into broad Jegal requirements, 
indeed, this has frequently been the 
motivation behind NIH’s agreement to 
accept tougher restrictions on the research 
than ıt would have hiked David Dickson 


Lead additives ın petrol 


New offensive 


A well-organized campaign to persuade 
the British government to ban lead ın petrol 
was launched ın London last week The 
Campaign for Lead-free Air, or CLEAR, 
claims already to have 120 Members of 
Parliament, 8 national organizations 
concerned with environmental and health 
matters and 21 scientists and clinicians who 
are convinced by epidemiological studies 
or their own clinical experience that low 
blood lead levels harm the mental health of 
children The chairman of the campaign, 
Mr Des Wilson, 1s a seasoned campaigner 
whose organization to put forward the case 
of homeless people, SHELTER, was 
prominent in the late 1960s 

Lead ın petrol has been in and out of 
British politics since 1980 when a working 
party under Professor Patrick Lawther 
found no conclusive evidence that low con- 
centrations of lead ın the blood are detri- 
mental to health or that lead ın air ıs a 
major contributor to increased blood lead 
concentrations In the lignt of the Lawther 
report, the government’s decision last May 
to reduce the lead content of petrol from 
0 4to0 15 grammes per litre by 1985 was a 
surprise 

CLEAR’s objectives are to persuade the 
government to introduce the reduction 


earlier than planned and to pass legislation 
requiring all new cars sold ın Britain after 
1985 to run on lead-free petro! The 
pressure group will also be pressing for a 
lower excise tax on lead-free petrol and for 
it to be on general sale by 1985 at the latest 

The campaign, which has received some 
money from its trustees, hopes to raise 
£250,000 mainly from public donations 
Some of the money will be spent on public 
education and monitoring the 
government’s programme to reduce lead 
pollution The plan ıs to send out teams to 
investigate, for example, the effectiveness 
of the government’s programme to 
increase public awareness of the hazards of 
lead in old paint and whether can 
manufacturers are following government 
instructions to reduce the amount of lead in 
solder CLEAR also hopes to support 
academic research on the effects of low 
lead levels in the body and to monitor the 
level of lead in air 

At the launch last week, the organizers 
described two recent studies implicating 
low levels of lead in the body as harmful to 
health DA Otto and colleagues in 
California, whose study was published ın 
Electroencephalography and Clinical 
Neurophysiology 52, pp 229-239, claim to 
have found a link between abnormalities in 
the electroencephalograms of sensory 
stimulated children aged 1-6 years with 
blood lead levels as low as 150 
microgrammes per litre Dr Fraser 
Alexander, a paediatrician from Newcastle 
and a member of CLEAR’s scientific and 
medical advisory committee, reported his 
as yet unpublished study implicating low 
blood lead levels in pregnant women with 
malformationofthefetus Judy Redfearn 


Satellite communications 


Up for grabs 


Washington 

It seemed a good idea at the time, the 
RCA Corporation, besieged by more than 
50 potential customers eager to lease space 
on its latest telecommunications satellite, 
Satcom-IV, successfully launched last 
month, had previously held a public 
auction for bids to lease seven separate 
transponders (frequency-shifted radio 
relays) The response was even better this 
time With the auction being held ın the 
Manhattan Galleries of Sotheby Parke 
Bernet, it attracted a flood of national 
publicity, the transponders were sold at 
between $10 7 and 14 4 million for leases 
that run until 1988, resulting ın a total sale 
of more than $90 million dollars 

It was a bit too good to last On 
Thursday the Federal Communications 
Commission (FCC) ruled that the auction 
was illegal, since it resulted in different 
prices for leases being paid by different 
buyers, in violation of federal regulations 
which require no discrimination As a 
result, negotiations with the seven 
successful bidders have been suspended 
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until a new way of allocating the leases has 
been worked out 

However, FCC did not rule out the 
auction idea completely, and has invited 
the company to make alternative proposals 
for selecting bidders that would not 
contravene federal regulations One ıs that 
sealed bids should be invited, and leases 
awarded to the seven highest bidders at the 
price offered by the lowest of the seven 

The dispute between RCA and FCC over 
how to allocate the leases reflects a gradual 
shift in attitudes towards the regulation of 
access to telecommunications satellites In 
the early 1970s, when the satellites were 
first coming into service, the federal 
government introduced strict regulations 
to prevent manipulation of the 


market 
In practice, this goal has been achieved 


through classifying companies such as 
RCA which launch the satellites as 
“common carriers” which are required to 
offer leases on their transponders on a first- 
come, first-served basis at prices that are 
strictly regulated by FCC The procedure 
has been effective in protecting smaller 
users from being squeezed out of the 
satellite communications market, ıt has 
also made it difficult for companies to 
stockpile transponders, even if they have 
no mmediate need for them, ın order to 
exclude their competitors 

Recently, however, concern has been 
growing about speculators who have 
bought leases at the regulated prices and 
resold them at a considerable profit In 
addition, the growth of available space on 
satellites has lead the industry to argue that 
tight federal regulation ıs no longer 
needed The cause of deregulation of the 
telecommunications satellite industry has 
also been embraced by the members of 
FCC, which ın a 7-0 vote last week agreed 
to publish for public comment new rules 
which would allow companies operating 
satellites to negotiate sales directly with 
private customers 

Satcom IIIR, launched successfully 
from Kennedy Space Center in November, 
contains 24 transponders, eight of which 
were reserved for those who had bought 
space on the ill-fated Satcom III which 
failed to go into orbit after its launch ın 
December 1979 

Both Satcom IIIR and Satcom IV are 
dedicated to use by cable television 
companies The satellites are intended to 
transmit programmes to local television 
operators, which would then distribute 
them to individual homes Since an 
antenna can only pick up signals from a 
single satellite at any one time, the com- 
panies have been keen to band together 
rather than lease space on other com- 
mercial satellites, such as Westar 1 and 
Comstar D2 

Among the companies which will have to 
renegotiate the transponder leases with 
RCA ıs RCTV, a joint venture of RCA and 
the Rockefeller Center Inc , which has 
announced ambitious plans to distribute 


e 6 
Cashing in now 

British Telecom, exercising its right 
under last year’s Telecommunications 
Act to form partnerships with 
commercial enterprises, has launched a 
company to exploit spin-off from 
research at its laboratories at 
Martlesham Heath, Suffolk 

The plan ıs to set up small venture 
companies to exploit ideas, although 
patents may be available under licence 
to existing manufacturers The new 
company, Martlesham Enterprises, has 
been set up with £250,000 of issued 
ordinary share capital, the shareholders 
being British Telecom (30 per cent), 
Electra Investment Trust (25 per cent), 
Lazard Brothers (20 per cent), Raeburn 
Investment Trust (managed by Lazards) 
(20 per cent) and Thompson Clive and 
Partners (5 per cent) 

Research at the Martlesham Heath 
laboratories covers optical fibres, sem1- 
conductors, video-phones, slow-scan 
TV, speech synthesis and public 
viewdata systems Martlesham 
Enterprises has already identified five 
ideas which could form the basis for 
new manufacturing companies, but so 
far only one of them, a new materials 
process for semiconductors, has been 
developed to any significant extent 

Martlesham Enterprises plans to hold 
a financial interest ın new operating 
companies, giving its shareholders first 
option to put up new capital Attractive 
terms are to be offered to inventors who 
leave the laboratories to help set up new 
companies Interest on profits will, as 
normal, return to the shareholders It1s 
hoped that the operating companies will 
grow to the point where they can be 
launched publicly, when Martlesham 
Enterprises wil] decide whether to retain 
a financial interest or dispose of them 

Judy Redfearn 


entertainment programmes through cable 
television The company has already 
agreed to buy the first rights of British 
Broadcasting Corporation programmes 
for transmission ın the United States 
Meanwhile, in a separate move 
illustrating the social and political possi- 
bilities being opened up by satellite tele- 
communications technology, four labour 
unions have joined with the American 
Federation of Labor/Council of Industrial 
Organizations to arrange for the broadcast 
over public television of two films on safety 
and health whose distribution had been 
suspended by the Department of Labor’s 
Occupational Safety and Health 
Administration The unions have made 
use of a 1978 amendment to the 1934 
Communications Act which allows groups 
outside public broadcasting to rent time on 
one of the four transponders which the 
Public Broadcasting Station (PBS) leases 
on the satellite David Dickson 


Technical change in France 


Central theme 


The French government 1s to set up a 
centre for social and systems research on 
science and technology, inspired to some 
extent by the Brookings Institution of 
Washington and, in Britain, the Technical 
Change Centre in London and the Science 
Policy Research Unit (SPRU) ın Sussex 
But ın the Paris institution there will be a 
difference it will be strictly linked to, and 
under the direction of, the Ministry for 
Research and Technology, and will thus 
lack the political independence of its 
models 

The Center for Advanced Technological 
Systems Study (CATSS), to use its 
Americanized name, (CESTA, Centre 
d’etudes des systemes et des technologies 
avancées, in French) should be 1n full swing 
by 1984 with a budget of around 40 million 
francs and a staff of 40 ‘‘scientists and 
engineers’’ 

The creation of CATSS 1s the immediate 
result of a report to Prime Minister Pierre 
Mauroy by Dr Joel de Rosnay, director for 
research applications at the Institut 
Pasteur (where Francois Gros, science 
adviser to the Prime Minister, was until 
recently director) De Rosnay re- 
commended that a centre like CATSS be 
established ‘‘to study the industrial, social 
and cultural change induced by advanced 
technological systems (such as micro- 
electronics, biotechnology, robotics and 
solar energy)’’ 

The questions are political and involved, 
the report notes, and it claims that in 
France ‘‘there are traditional difficulties”’ 
in thinking ın terms of complex systems 
and networks CATSS must overcome 
these difficulties 

AS a government agency ina government 
devoted to industrial development through 
technology, CATSS may find 1ts emphasis 
lying more frequently on innovation 
strategy ın key industries than on social 
impact perse Theemphasis of the report ıs 
on missed, or botched, industrial 
opportunities Concorde, an ‘‘indisput- 
able technical success” marred by a failure 
to anticipate economics, competition and 
environmental impact, microelectronics, 
insufficient in France because 
opportunities to develop liquid crystals and 
integrated cricuits were not taken up, and 
biotechnology, I:mited by the lack of 
researchers and engineers trained 1n the life 
sciences 

Despite its government Jinks, the centre 
wil be open to scientists, industrialists, 
union leaders, parliamentarians and local 
politicians It will also collaborate with 
outside institutions (including, perhaps, 
Brookings SPRU and the Technical 
Change Centre) 

CATSS will have a strong training 
function as well as undertaking research, 
experimenting with new educational 
technology and communications systems, 
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and helping to ‘‘diffuse’’ new technology 
Thus the concept appears to be of an 
intellectually and politically sophisticated 
institution to assist the country’s 
technological development one which will 
be able to help industry to make its 
forecasts and plans, but will, at the same 
time, take into account likely social 
impacts and obstacles CATSS’s first 
programmes begin next month — training 
programmes ın biotechnology and micro- 
electronics A director for the centre 1s 
expected to be appointed before the 
summer Robert Walgate 


Fluoridation in Scotland 


Days in court 


A legal trial that will decide whether 
Strathclyde Regional Council becomes the 
first Scottish water authority to add 
fluoride to 1ts water supply has now passed 
its 130th day, making the record books as 
the longest ever court case to be heard ın 
Scotland The Edinburgh Court of 
Session, Scotland’s High Court, has 
become a battleground for fluoridation 
and anti-fluoridation interests 

The case, McColl v Strathclyde 
Regional Council, opened on 23 September 
1980, and was originally expected to last 
twelve weeks The eventual cost 1s 
estimated at £1 million, which would make 
it the most expensive civil case ın Scottish 
legal history The costs of Strathclyde 
Regional Council will be met by its four 
area health boards The expense of an 
expert witness can be as much as £450 a day 
and many have come from as far away as 
the United States and Australia If the case 
lasts for 150 days, as ıt may well do, 
lawyers’ costs alone could exceed £60,000 

The issue at stake 1s twofold — the legal 
right of the council to add a trace of 
fluoride to the water supply and the 
medical effects of fluoride In 1977, the 
council voted by a majority of 43 to 42 to 
buld a £2 mullion plant to imtroduce 
fluoride into the water supply Mrs 
Catherine McColl ıs contesting the 
decision, claiming the right of herself and 
her grandchildren to drink unfluoridated 
water on the grounds that fluoride 1s not 
only useless but can cause cancer and other 
diseases The hearing ıs before Lord 
Jauncey 

The evidence has been intricate and 
technical Mrs McColl appeared 1n the box 
only on the first day The medical issues 
have focused on the contention that 
fluoride can cause cancer Sir Richard Doll 
for example, has so far given evidence for 
two weeks Itis expected that Lord Jauncey 
will take months to reach a judgement 

Evidence against fluoridation has been 
given by Dr John Yiamouyiannis, formerly 
of the National Health Federation organ- 
zation and a member of the US National 
Health Action Committee, and Dr Dean 
Burk, a retired National Cancer Institute 
laboratory scientist In some ways the 





Scottish trial 1s a re-run of the hearing ın 
West View, Pennsylvania in November 
1978, when Drs Yiamouyianms and Burk 
also argued that there ıs a link between 
fluoride and increased cancer mortality 
rate Dr Burk has separately told the US 
House of Representatives that fluoridation 
is “‘socially imposed murder’? 

In Pennsylvania, Judge Flaherty, thena 
lower court judge, issued an injunction 
ordering West View Water Authority to 
cease water fluoridation Hus decision, 
however, was appealed against on grounds 
of jurisdiction In January 1979, after a 
review of the evidence by the Department 
of Environmental Resources, the water 
authority was ordered to continue to 
fluoridate The Minnesota Governor’s 
Commission, appointed in 1978 to study 
the health effects of water fluoridation, 
examined the same body of evidence as 
Judge Flaherty and concluded that ‘‘an 
association between fluoridation and 
cancer has not yet been shown?’ 

Fluoride has been added to water 
supplies in Britain since 1957, and 10 per 
cent of the population drinks artificially 
fluoridated water (in the United States 44 
per cent of the population drinks treated 
water) The 1972 Water Act enjoins the 
water authorities to provide ‘‘wholesome 
water”, but although 87 out of 90 area 
health authorities are in favour of fluori- 
dation, 1n the past 7 years few schemes have 
been implemented The water authorities 
seem reluctant to proceed in the absence of 
parhamentary legislation 

The decision in Scotland could thus be 
influential, particularly as a simular case 1s 
being prepared ın Calderdale, Yorkshire 
If Lord Jauncey decides in favour of 
Strathclyde, the issue of further legal aid 
for an appeal will arise If the case goes to 
the House of Lords, 1t may take several 
years for a final decision And neither side 
may be able to claim a victory — if, for 
example, the judgement 1s that fluoride 1s 
beneficial to dental health but that water 
authorities do not have full jurisdiction to 
determine what goes into the water supply 

In Strathclyde, the irony 1s that local 
elections early this year could render any 
judgement nugatory a new council could 
vote to reverse the fluoridation policy 

Jane Wynn 


Rubik’s cube 
Puzzles galore 


A decision 1s expected this week from the 
British hugh court hearing of a copyright 
and passing-off suit brought by the 
Politehnika Industrial Corporation of 
Budapest, manufacturers of the original 
Rubik’s cube, against Dallas Print 
Transfers of London, importers of an 
alleged copy known as the ‘‘Wonderful 
Puzzler’’, produced in Taiwan 

The case, initiated by an injunction from 
Politehnika last March, has turned on two 
main issues As far as copyright 1s con- 
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cerned, the emphasis has been on the 
internal structure of the cube, involving 
comparison of production blueprints, 
while the passing-off charge 1s based on 
claims that the puzzler has on occasion 
been marketed as the Rubik cube 

The dual nature of the case corresponds 
appropriately to Dr Erno Rubik’s own dual 
interest ın the cube — structure and 
concept A lecturer in architecture at the 
Budapest Academy of Applied Arts, he 
was, he says, originally interested primarily 






"PERSONALLY, | CAN 
DO NEITHER!" 


BRP 


in the internal mechanism of the cube 
which allows each face, consisting of a3 x 
3 array of cubelets, freely to rotate either 
clockwise or anticlockwise Only later did 
he decide to communicate his pleasure in 
the new device to others by offering ıt for 
commercial construction 

Rubik says that other international con- 
tributions to the booming market 1n logic 
toys — pyramids, spheres and the like — 
embody essentially the same principle as 
the cube, since the various sections are dis- 
placed without changing the over-all shape 
of the assemblage The one major 
exception, known as the ‘‘tower’’, which 
exists ın two contending Hungarian 
versions, 1S, ın his opinion, simply the old 
“15 puzzle” invented ın the 1880s, rolled 
up into cylindrical form, since it m- 
corporates a vacant parking spot into 
which an element can be moved during the 
transfer process 

The popularity of the cube, which Rubik 
himself cannot adequately explain, has 
made him reputedly the seventh richest 
man in Hungary and won for him a ‘‘Gold 
Medal of Labour’’ for his services to 
Hungarian industry, and has had a number 
of unexpected spin-offs The possible and 
impossible configurations of the cube, 
Rubik said last December, were attracting 
attention from physicists as a means of 
modelling the properties of quarks 

In Hungary, the unprecedented boom in 
the toy industry generated by the cube has 
highlighted a number of defects in the New 
Economic Mechanism, and seems to have 
been in part responsible for the recent 
relaxation of the rules governing small 
enterprises Vera Rich 
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Soviet sanctions 


Sır — I welcome your leading article of 7 January 
(p 1) and in particular your criticism of the 
Suspension of the exchange agreement between 
the United States and the Soviet Union 

Such a suspension must surely weaken world 
peace The merits and demerits of unilateral 
nuclear disarmament are much debated but the 
prior need is for a better understanding 
between peoples of different cultures — ın this 
case the United States/United Kingdom and 
the Soviet Union The risk of scientists 
“‘having their brains picked’’ surely matters 
less than the potential benefits from better 
knowledge of human beings of the ‘‘other’’ 
culture — their hopes, fears and hang-ups 

As a first lıne of defence for international 
understanding and peace, scientific and other 
exchanges can be good investments and should 
be fostered, not reduced Therr costs, if 
prohibitive to self-financing individuals, are 
infinitesimal compared with those of 
armaments 

H J KILLICK 

Abingdon, UK 


Ethnic journal 


Sır — H H Hirschhorn (Nature 14 January, 
p 92) appears to have misunderstood the 
“small niche” to which Journal of 
Ethnopharmacology is trying to lay claim, 
even though my review quoted the aims of the 
journal in full Rather than being another 
journal of pharmacognosy, which I would 
accept could appear to be of greater 
importance than all the drugs for the 
cardiovascular system, J Ethnopharmacology 
specializes in the use of drugs by ethnic 
cultures How does the importance of 
“‘ceramic use for prehistoric Datura use in N 
America” compare with a typical paper from 
Journal of Cardiovascular Pharmacology? 

The number of reprint requests might reflect 
more accurately the obscurity of the journal 
and difficulty in finding tt in a hbrary, than 
the importance of the subject 

HiLary G PICKLES 

St Bartholomew’s Hospital, 
London, UK 


Anthrax island 


SIR — The paper by Manchee ef al ! provides 
the first published quantitative information 
about the the contamination of Gruinard 
Island with anthrax spores In view of the 
public interest and concern that have been 
expressed, this is welcome Nevertheless, the 
information given 1s meagre and the main 
tentative conclusion questionable 

Since no accurate viable counts of spores 
were made on samples taken before those 
reported on ın the paper, it ıs impossible to 
estimate the tıme course of the contamination 
The authors consider that its present extent 
warrants their taking seriously van Ness’s 
assumption? that significant multiplication of 
anthrax bacilli may occur ın the soul However, 
neither ın that paper, nor ın a series of earlier 
papers, does van Ness cite experimental 
evidence to justify this assumption In 
support, he quotes a paper by Minett and 


Dhanda3 But those authors actually come to 
the opposite conclusion — that the anthrax 
bacillus does not behave as a saprophyte in 
nature 

In the past, I have exhumed and examined , 
cadavers of cattle that have died of anthrax, 
but I failed to 1solate anthax from any, even 
from one buried as little as three months 
previously The conditions —- high ambient 
temperatures and the availability of blood and 
tissues from the cadavers for the nutrition of 
the anthrax bacilli — resembled those 
postulated by Manchee ef al ! as being likely 
to promote an increase of bacilli and spores ın 
the soil However, those familiar with the 
epizootiology of anthrax tend rather to regard 
such conditions as favourable to the increase 
of soil microflora inimical to anthrax 
organisms, a view which practical experience 
reinforces 

There is little experimental evidence to 
support either van Ness’s view or the more 
conventional opinion that anthrax does not 
behave as a saprophyte Unfortunately, 
incentives to investigate the ecology of the 
anthrax bacillus have diminished — despite its 
intrinsic interest — because of the ease with 
which anthrax can be controlled by the vaccine 
I developed‘ 

Attention should be paid to studying factors 
which could be responsible for the 
exceptionally long survival of the 
contamination of Gruinard Island Is this 
related, for example, to the form in which the 
spores were distributed, to their number, to 
the character of the soul or of the soul 
microflora, to the lack of husbandry, or to 
climatic conditions? It would be deplorable if 
the special circumstances on Gruinard Island 
were not used to provide answers to these 
neglected ecological questions, and 
particularly to the question as to whether the 
anthrax bacillus can multiply sufficiently in 
the soil for this to be a significant factor ın the 
epizootiology of anthrax Practical experience 
in the control of anthrax does not support this 
view 

M STERNE 
Sarisbury Green, 
Hants, UK 


1 Manchee, RJ, Broster, MG, Melhing, J, Henstridge, 
RM & Stagg, A J Nature 294, 254-255 (1981) 
2 Van Ness, G B Science 72, 1303-1307 (1971) 
3 Minett, FC & Dhanda, MR Indian J vet Sa I1, 
308-328 (1941) 
4 Sterne, M Onderstepoorte J vet Sct Amm Ind 21, 
41-43 (1946) 


No change in RE 


Sr — DB Jack andM R Gregg (Nature 22 
October 1981, p 602) have used Flesch’s index 
of reading ease (RE) to suggest that letters to 
Nature became harder to read at some time 
between 1940 and 1950 Using the first 
hundred words ın each letter as the criterion, 
the papers analysed from the years 1950 to 
1980 were, on average, 15 44 index points 
more difficult (the harder to read the lower the 
index) 

This conclusion obscures a difference of 
style between earlier and more recent letters to 
Nature, that of the way ın which the opening 
paragraph ıs used by authors Current practice 
demands that the opening paragraph shall 
serve two functions, both as introduction and 


as a summary of the main conclusions In its 
latter function ıt must often be laden witha 
burden of latinate technical terms and 
exactitudes, for those readers who choose to 
go further The earlier style demanded simply 
that the opening paragraph served to whet the 
appetite and to lead the reader gently to the 
nub of the matter, eschewing difficulties at 
first 

I have therefore computed Flesch’s RE for 
the first and second paragraphs of two 
samples of 20 letters each, culled from Nature 
of October 1981 and of October 1931 If the 
second paragraph contained less than a 
hundred words the third paragraph was 
lumped with ıt 





Reading ease 


Para | Para 2 Total text 
1931 298+43 237+41 26 3 
1981 561421 210424 18 5 





This analysis confirms Jack and Gregg’s 
conclusion that the opening sentences today 
are more difficult than they were 50 years ago 
In my sample the difference 1s 14 7 RE points 
The 50 year difference for the second 
paragraph, however, is a mere 2 7 points 
which 1s not statistically sigmficant In 193} 
the second paragraph was on average 6 1 
points more difficult than the introduction, 
today ıt 1s 5 9 points easier 

Authors today seem not to be cloaking their 
findings ın obscure language significantly 
more than they did 50 years ago, except in the 
introduction 

D B CARLISLE 
Environment Canada, 
Ottawa, Canada 


More repeats 


Sir — There appear to be two homologous 
sequences ın a single exon of the collagen 
a2(1) sequences reported by Wozney ef al m 
Nature of 12 November 1981! 

The sequences occur in a single polypeptide 
and are apparent in the nucleotide sequence 
but not the amino acid sequence A span of 36 
nucleotides 1s repeated with sia differences 
(marked with x) 


1242 1278 
GlyAlaAlaGlyProProGlyProProGlyProSer 
ae a GCT eGcreereroorec’ va ate 
GGCTCTGCTGGTCCCCCIGGCCCTGCIGGTCTAAGA 
GlySerAlaGlyProProGlyProAlaGlyLeuArg 
1315 1351 


The differences are probably due to post 
duplication mutations 

The sequences lie 4 collagen units, 
(Gly-X,-Y),, from each other and contain 4 
collagen units each, which makes a 54 base 
pair (bp) repeat hard to credit I cannot think 
of a plausible scheme to yield 36 bp repeats 
from 54 bp units Apparently 36 bp were 
extracted by double unequal crossover and re- 
appended 36 bp further down the molecule 
leading to the internal homology 

MICHAEL P FINERTY 

Tucson, Arizona, USA 


1 Wozney, J, Hanahan, D Tate, V, Boedtker, H & 
Doty, P Nature 294, 129 135 (1981) 
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Mantle heterogeneity 
and isotopes in oceanic basalts 


THE chemistry of volcanic rocks 1s strongly 
influenced by processes which occur during 
magma genesis and evolution and ıt 1s 
generally difficult to relate it to the 
chemistry of the rocks’ sources One 
exception ıs the isotopic composition of 
radiogenic elements such as Sr, Pb and Nd, 
which are thought to be unaffected by most 
magmatic processes and provide a means 
of ‘fingerprinting’ volumes of source 
materials ın the Earth’s mantle It has been 
known for nearly two decades that the 
mantle 1s isotopically and chemically 
heterogeneous but the interpretation of the 
geochemical data 1s not easy because the 
kinematics of mantle convection remains 
elusive Now isotope geochemists and 
mantle convectionists are beginning to 
interact and collaborate in order to 
overcome this difficulty Two issues 
remain unresolved — the size of the 
domains of mantle heterogeneity and their 
spatial arrangement — 1s the mantle layered 
or irregularly heterogeneous? 

On the geochemical side, it 1s well 
established that volcanic rocks erupted on 
oceanic islands are apparently derived 
from a type of mantle fundamentally 
different from that which supplies magma 
to most of the mid-ocean ridge system 
Second, all of the mantle now involved ın 
mid-ocean ridge volcanism has previously 
been depleted 1n incompatible elements 
(that ıs, elements having a strong affinity 
for a melt phase as opposed to the solid) 
Further, heterogeneity ın the mantle 1s long- 
lived Pb isotope data suggest that the 
various reservoirs have remained separate 
for a time of the order of 2x10 yr, 
demonstrating that mantle convection 
does not stir the mantle sufficiently to 
eliminate the heterogeneity Thus, and 
because of the hope that the isotopic data will 
somehow give clues about mantle 
kinematics and dynamics, geochemists 
continue to gather isotopic data on mantle- 
derived volcanic rocks 

Systematic studies of basalts from the 
Mid-Atlantic Ridge in the 1970s revealed 
that, as islands such as Iceland and the 
Azores are approached, isotopic 
compositions of Sr and Pb change 
gradually from those typical of mid-ocean 
ridge basalts to compositions characteristic 


trom W M. White and A W Hofmann 


of island basalts, providing evidence of 
geographically correlated variation in 
mantle chemistry on a scale of the order of 
100—1,000 km Two recent papers in 
Nature deal with mantle heterogeneity ona 
local scale Dupré and co-workers (Nature 
294, 552, 1981) report Pb and Sr isotopic 
data for two well studied areas of the mid- 
ocean ridge system the FAMOUS area in 
the North Atlantic and the CYAMEX area 
of the East Pacific Rise Basalts erupted in 
these two areas have nearly uniform Sr 
isotopic compositions and though Pb 
isotope variations exist, they are much 
smaller than variations obsezved on larger 
scales Earlier studies of Sr and Nd isotopes 
in basalts from the FAMOUS region also 
revealed virtual isotopic uniformity 

Machado and his colleagues (Nature 
295, 226, 1982) report Sr and Nd data on 
basalts from the vicinity of the Kane 
Fracture in the North Atlantic, some 200 
km from the ridge Measurable variations 
occur 1n both Sr and Nd, with basalts from 
the western ridge segment having 
systematically higher §’Sr/*°Sr and lower 
I43Nd/'4Nd ratios than those from the 
eastern ridgesegment The totalrange of Sr 
isotopic compositions (87Sr/6Sr = 
0 7022-0 7025) 1s small compared with what is 
normally found ın mid-ocean mdge basalts, but 
the range of Nd isotope ratio 1s relatively large 
CBNd/'44ND =0 51337-0 51313) The 
Fracture Zone apparently forms a 
boundary between two geochemical do- 
mains ın the mantle 

Yet another recent study bearing on the 
question of the scale of mantle 
heterogeneity has been reported by Zindler 
and co-workers (EOS 62, 424, 1981) They 
find that seamounts in the vicinity of the 
East Pacific Rise have °7Sr/8Sr and 
143 Nd/!“Nd ratios varying between 0 7027 
and 0 7032 and 0 5132 and 0 5130 
respectively, and basalts from a single 
small seamount span this entire range 

Local isotopic variations have been 
reported from oceanic islands in earlier 
studies For example, on the island of Sao 





WM White ıs in the Geochemistry 
Department, Max-Planck-Institut fur Chemie, 
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ts Director 


Miguel (Azores), 60 km ın ıts longest dimen- 
sion, reported ®’Sr/®Sr ratios range from 
0 703 to 0 705, while '3Nd/!“Nd ranges 
from 0 51300 to 051276 On Iceland’s 
Rekjanes Peninsula, '43Nd/!44Nd ratios 
vary from 0 51317 to0 51299 onascale ofa 
few tens of kilometres and Jess, although 
87Sr/86Sr is nearly uniform Although ıt 1s 
often assumed that Sr and Nd isotopic 
variations are closely related, these studies, 
and that of Machado and his colleagues, 
demonstrate that these ratios, and by 
inference variations ın Rb/Sr and Sm/Nd, 
may occasionally become decoupled 

The conclusions that may be drawn from 
the data accumulated so far are (1)1n most 
regions, especially along the muid-ocean 
ridge but also on many oceanic islands, 
isotopic compositions can be mapped, and 
it ıs found that the regional variations are 
larger than the local ones (2) Nevertheless 
a few regions, such as 45°N on the Mid- 
Atlantic Ridge, the island of Sao Miguel 
and the small seamounts off the East 
Pacific Rise, do show significant local 
variability and cannot be characterized bya 
single isotopic ratio (3) The local 
variations generally have greater 
amplitudes on oceanic islands than on the 
mid-ocean ridge (4) The regional 
variations are also larger for oceanic 
islands than for ocean floor basalts 

The question of scale 1s intimately 
related to the question of origin A view 
widely held by geochemists and geo- 
physicists, but by no means universally 
accepted, 1s that oceanic islands result from 
mantle plumes arising from the deeper 
mantle, while the upper mantle, depleted in 
incompatible elements through repeated 
episodes of melt extraction, is the source of 
mid-ocean ridge basalts The lower mantle 
source of mantle plumes may be either 
primitive, undepleted mantle or subducted 
oceanic crust An alternative view ıs that 
mantle heterogeneity 1s created by 
fluids rich in incompatible elements 
percolating upwards and metasomatizing 
the upper mantle, this is supported by 
evidence from mantle xenoliths in alkali 
basalts and kimberlites In this model there 
1s a large potential for creating small-scale 
heterogeneity if fluid pathways are not 
uniformly distributed The plume 
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hypothesis predicts that oceanic islands are 
created at quasi-stationary locations and 
that large quantities of material are 
advected to the surface in excess of the 
volume needed to create normal oceanic 
crust The existence of isotopic anomalies 
of large wavelengths and large amplitudes 
is certainly consistent with this hypothesis, 
and we have long favoured this idea 
However, the hypothesis that isotopic 
variations are produced by more local 
phenomena _ possibly involving 
metasomatism does not really conflict with 
this view, rather, ıt may be the appropriate 
explanation for many or all of the small- 
scale isotopic variations observed Indeed, 
it seems unlikely that the mantle plumes 
can explain everything Surely not all 
seamounts are former or present sites of 
mantle plumes, nor ıs ıt clear, for example, 
how the isotopic variations near the Kane 
Fracture Zone could be related to a mantle 
plume 

We believe, perhaps unimaginatively, 
that in order to improve our understanding 
of mantle heterogeneity we do need to 
accumulate a lot more isotopic data on 
more oceanic basalts rather than wait until 
evidence of a different kind or insight 
provides a new impetus Further study of 
the mid-ocean ridge system will be essential 
if the questions about the chemical 
structure of the mantle are to be resolved 
Is the well studied North Atlantic Ocean 
anomalous because of the presence of the 
very large Iceland and Azores anomalies? 
Do other areas similar to 45°N exist or 1s 
the mid-ocean ridge system more nearly 
uniform away from oceanic islands? What 
is the total volume of isotopically 
anomalous basalts? Do all postulated 
plumes have large-scale isotopic gradients 
associated with them? Can the apparently 
randomly distributed small-scale 
variations also be mapped with improved 
coverage? Do major fracture zones, such 
as the Kane, form boundaries between 
geochemical domains ın the mantle? To 
reconstruct the distribution of source 
materials and their movement in the 
mantle, we still need much more complete 
isotopic maps of the ocean floor and the 
oceanic islands than those so far compiled 

What ıs required is a programme of 
intensive mid-ocean ridge ‘geochemical 
mapping’ similar to that already carried 
out in the North Atlantic We believe this 
would most profitably be accomplished 
through dredging rather than drilling 
because of the higher sample quality and 
the substantially lower costs Drilling of 
seamounts and similar anomalous 
features, already begun by the 
International Phase of Ocean Drilling 
(IPOD), should continue We think of this 
‘fingerprinting’ of source materials in the 
Earth’s mantle using isotopes as perhaps 
being similar to fingerprinting the oceanic 
crust using magnetic anomalies, the 
meaning of which remained obscure until 
there were enough data for them to be 
interpreted bysimplevisualinspection © 


New measurements near the Gulf Stream 


from WJ Gould 


THE Gulf Stream is, to the layman, a well 
known ocean circulation feature 
responsible for the temperate climate of 
Western Europe It would therefore seem 
surprising that oceanographers should be 
In any doubt about the structure and 
dynamics of the Gulf Stream in view of 
studies that have been made over many 
years! However, until recently, progress in 
the field has been restricted by the difficulty 
of measuring directly the current in the 
strongest parts of the Gulf Stream Now this 
problem has been overcome and a recent 
paper* sheds light on the relationship of the 
Stream to its recirculation and on the Gulf 
Stream’s inherent vaniability 

The Gulf Stream is the intense (surface 
currents of 3 knots (150 cm s-') or more) 
narrow current that flows northwards 
along the eastern seaboard of the North 
American continent from the Florida 
Straits to south of the Newfoundland 
Grand Banks North of Cape Hatteras the 
Stream begins to meander, with the 
envelope of the stream tracks spreading 
like a fan as it turns eastwards away from 
the continental slope and past the New 
England seamounts The intense current 1s 
associated with the boundary of the warm 
Sargasso Sea water, which fills much of the 
western North Atlantic, and the colder 
‘slope water’ adjacent to the continental 
slope (The current axis ıs often defined as 
the locus of positions at which the 
temperature at 200 m depth ıs 15°C ) 

East of the Grand Banks the current and 
its associated temperature structure rapidly 
lose their identity and the course of the 
Gulf Stream becomes diffuse It 1s at this 
point that the current 1s considered to form 
two main branches, the North Atlantic 
current which heads northeastwards 
towards Europe, and the Gulf Stream 
recirculation which turns south and 
eventually westwards to rejoin the Gulf 
Stream and complete the subtropical Gulf 
Stream gyre 

Until comparatively recently the view of 
the Gulf Stream system (Gulf Stream, 
North Atlantic current and recirculation) 
has been derived solely from observations 
of the density field (from temperature and 
salinity observations) which are then used 
to derive the geostrophic flow field (based 
by definition on the assumption of a 
balance between the horizontal pressure 
gradients and the Coriolis force) A typical 
view’ shows a Gulf Stream system confined 
almost entirely west of the Mid-Atlantic 
Ridge and characterized by two 
anticyclonic (clockwise) gyres penetrating 
throughout the entire water column The 
main gyre 1s that of the Gulf Stream and its 
recirculation and the secondary one lies to 
W J Gould is at the Institute of Oceanographic 
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the east of the Newfoundland Grand 
Banks But the interpretation of the 
temperature and salinity data ın terms of 
two gyres 1s controversial® The calculation 
of geostrophic currents provides only a 
current profile relative to some arbitrary 
reference level, usually at depth, and thus 
while the near-surface circulation may be 
adequately described the deep current field 
may not 

A possible explanation of the exact 
nature of the circulation may come from 
direct observations of currents either by 
moored current meters (eulerian 
measurements) or by the tracking of 
drifters (lagrangian measurements) at the 
surface or at depth The strength of the 
Gulf Stream has so far precluded the use of 
moored current meters ın the upper part of 
the water column near the Gulf Stream axis 
although they have been used extensively 
north and south of the Stream and ın the 
deep ocean below it Lagrangian 
measurements do not have the same 
restriction and recent technology presents 
new possibilities for investigating the Gulf 
Stream system 

Neutrally buoyant floats are instrument 
packages designed to be less compressible 
than seawater Thus, as they sink, they gain 
buoyancy relative to the surrounding water 
until by suitable ballasting they may be 
made neutrally buoyant at some pressure 
level For many years since their 
development ın the 1950s these floats were 
tracked acoustically from attendant 
ships”? but their use was restricted to the 
duration of a typical research cruise (a few 
tens of days) In the late sixties and early 
seventies a series of neutrally buoyant 
floats with lifetimes of two or three years 
were tracked ın the southern Sargasso 
Sea’! using low-frequency sound signals 
(400 Hz) received at shore-based listening 
stations in the Caribbean The necessary 
acoustic propagation over distances of the 
order of 1,000 km ıs achieved by means of a 
minimum near 1,000 m depth ın the vertical 
profile of sound speed in the ocean which 
acts as a wave guide This 1s known as the 
SOFAR (SOund Fixing And Ranging) 
channel and the long-range floats as 
SOFAR floats 

The technique was initially restricted to 
areas within range of the fixed receivers but 
the development of moored autonomous 
listening stations (ALS) ın which signals 
from the SOFAR floats are received, 
processed and stored has raised the 
possibility of deploying SOFAR floats 
almost anywhere ın the ocean 

A recent paper by Schmitz et al^ 
provides some of the first direct 
measurements of currents in the strongest 
parts of the Gulf Stream and helps explain 
the nature of its circulation The float 
tracks described are from depths of 
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700-2,000 m and have been considered to 
provide eulerian estimates of current from 
the areas through which they passed These 
have been compared with eulerian 
measurements of currents from either side 
of the Gulf Stream (There are some 
fundamental difficulties ın the 
interpretation of the float tracks Since 
they depend for their neutral buoyancy on 
the ambient pressure they tend to follow 
isobaric surfaces and so do not stay with a 
particular body of water, that 1s, they are 
not truly lagrangian ) 

The float tracks reported exhibit similar 
complexity ın space and time to synoptic 
views of the Gulf Stream from temperature 
field maps and from previous current meter 
records The kinetic energy of the floats 1s 
consistent with an extrapolation of known 
meridional variations of kinetic energy"! 
into the region of the Gulf Stream axis The 
deeper float tracks do not, however, 
support the view of a vertically coherent 
Gulf Stream, floats close to the Gulf 
Stream axis exhibiting both westward and 
eastward motions The tracks of floats ın 
and above the thermocline (depth of 
greatest current shear) support previously 
held views of the circulation 

New measurements ın the vicinity of the 
Gulf Stream at both thermocline and 
abyssal depths raise the possibility of 
connecting the known (from eulerian 
measurements) time scales of variability 
south of the Gulf Steam ın the Sargasso Sea 
recirculation and north of it on the 
continental slope’? Subject to the only 
quasi-lagrangian nature of the float tracks 
there may also be evidence of the 
geographical distribution of the re- 
circulation of the Gulf Stream system and a 
possible resolution of the two gyre 
controversy 

There are now plans for a wider use of 
SOFAR float technology In particular, 
the next two years should see 
measurements taken by US, UK and 
French laboratories near and to the east of 
the Mid-Atlantic Ridge in an effort to study 
the paths taken by the North Atlantic 
current on its eastward path and long-term 
dispersion in the deep ocean These 
projects will use SOFAR floats in areas of 
more complex sound velocity structure 
than are found in the western North 
Atlantic and at much greater depths than 
previously explored o 
s e 
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Substorms and the growth phase problem 


from S W H Cowley 


SPACECRAFT observations over the past 
decade have clearly demonstrated that 
large-scale dynamic changes in the 
magnetic field and plasma populations 
take place periodically inside the Earth’s 
magnetosphere These disturbances are 
termed magnetospheric substorms They 
last for 1—2 hours and ıt ıs not unusual for 
several to occur ın one day At the Earth, 
substorms are associated with brilliant 
auroral displays resulting from bombard- 
ment of the upper atmospnere by kılo- 
electron volt magnetospheric electrons, 
and with intense ionospheric electric 
currents flowing at high latitudes 

Its generally agreed that substorms tend 
to occur when the coupling between the 
magnetosphere and the surrounding solar 
wind 1s strong Magnetospheric coupling to 
the solar wind causes a large-scale circu- 
lation of plasma and embedded magnetic 
field lines within it (see the figure) When 
the solar wind magnetic field points south, 
as shown, magnetic ‘reconnection’ can 
occur across the dayside boundary so that 
the solar wind magnetic field becomes 
directly connected into the Earth’s polar 
magnetic field These terrestrial ‘open’ 
field lines are then swept downstream by 
the solar wind flow and are stretched out 
into along magnetic tail typically extending 
to ~ 1,000 Earth radu (R,,) on the nightside 
of the Earth A similar ‘reconnection’ 
process then occurs (at least eventually) in 
the tail, returning ‘closed’ field lines to the 
Earth and thence to the dayside boundary 
where the process can repeat, as originally 
described by Dungey ın 1961 The impor- 
tant point ıs that the strength of the cyclic 
flow depends primarily on the direction of 
the solar wind magnetic field Magneto- 
spheric substorms occur preferentially 


„ma = 
—_ 


— 
ee eet 


Yy 





when the field points south and daysıde 
reconnection and the flows reach a 
maximum As the solar wind field turns 
northwards, both the flows and the 
occurrence of substorms decrease 

There 1s broad agreement that once a 
substorm begins it can be described in 
terms of auroral brightening and ‘break- 
up’, the sharp intensification of 1ono- 
spheric currents and the disturbances 
which occur in the magnetic field and 
plasma in the mghtside magnetosphere 
However, there are two important and 
opposing views on the events which lead up 
to substorms the ‘growth phase’ model of 
McPherron! and the ‘directly driven’ model 
discussed most recently by Akasofu* 

The ‘growth phase’ picture assumes that 
the increased magnetic flux transfer from 
the dayside to the tail which follows a 
southward turning of the solar wind 
magnetic field 1s not immediately matched 
by increased flux return from the tail to the 
dayside As a result, magnetic energy is 
stored ın the increasing field ın the tail for 
perhaps 1 hour or more before substorm 
onset (the ‘growth phase’) At a certain 
point, however, an instability occurs 
(substorm onset), resulting in the 
formation of a new reconnection region 
about 15 R, down-tail from the Earth The 
rapid tai] reconnection which then occurs 
dissipates the stored magnetic energy, 
feeding ıt over periods of about 1 hour into 
plasma energy (the substorm expansion 
phase) The substorm subsides when the 
reservoir of available magnetic energy in 
the tail ıs depleted, but a new substorm 
cycle can then start if the solar wind field 
remains southerly directed 

The ‘directly driven’ substorm model 1s 
based primarily on the close correlation 
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Cross-section of the Earth’s magnetosphere 1n the noon—midnight meridian plane The solid 

lines are magnetic field lines, and the dashed line 1s the magnetosphere-solar wind boundary 

which on the dayside of the Earth lies typically at a geocentric distance of 10 Rg Solid arrows 

indicate the flow of plasma and embedded magnetic field lines, and snow the convection 

system set up inside the magnetosphere by the magnetic ‘reconnection’ which occurs between 

the Earth’s field and the solar wind magnetic field across the dayside magnetopause when the 
latter 1s southerly directed 





0028-0836/82/050365 02301 00 


© 1982 Macmillan Journals l id 


366 


observed between substorm and solar wind 
conditions and postulates that the state of 
the magnetosphere 1s determined solely by 
the solar wind, with a magnetospheric 
response delay of perhaps a few tens of 
minutes The correlation ıs described in 
terms of a function of solar wind variables 
termed the ‘e parameter’, whose value 
depends principally on the solar wind field 
direction, being maximum for southward 
fields and zero for northwards Substorms 
are postulated to begin whenever e exceeds 
a certain critical value such that an insta- 
bility occurs in the magnetosphere, and to 
be continuously maintained so long as € 
remains above this value Akasofu suggests 
that the instability occurs in the current 
system connecting the magnetic tail with 
the nightside auroral ionosphere 

One important difference between the 
‘growth phase’ and the ‘direct’ models 1s 
the expected magnetospheric response to 
intervals of steady southward solar wind 
magnetic fields The ‘direct’ model would 
predict steady substorm-like conditions, 
while the ‘growth phase’ mode] suggests 
that a sequence of substorms would occur, 
whose time scale ıs determined by 
magnetospheric time constants Another 
important difference concerns the 
expected behaviour of the tail field at 
substorm onset In the ‘direct’ model the 
tail field may indeed often increase in 
strength before substorm onset, due to 
Increasing £ and increasing solar wind 
ionosphere coupling However, onset 1s 
not associated with dissipation of the 
increased tail energy as in the ‘growth 
phase’ model Rather, since e will generally 
continue to increase as ıt passes the critical 
value the tai! field strength may also be 
expected to contmue to increase Thus m 
the ‘direct’ model the tal field 1s expected 
to develop and decay in concert with € and 
with the expansion and recovery of 
substorms, while ın the ‘growth phase’ 
model the tail field 1s expected to grow 
before the substorm and generally to decay 
after the onset 

Recently, Baker ef af? have assembled a 
variety of observations of a large isolated 
substorm whose expansion phase onset 
occurred at about 0100 UT on 29 December 
1976, which bears directly on the above 
question The nightside magnetosphere 
was monitored by two spacecraft, one 
directly measuring the tail magnetic field at 
a distance of ~ 30R,, the other detecting 
the changes in the energetic charged 
particle environment at ~ 66 Rẹ which 
directly result from the growth and decay 
of the tail field These data show that for 
~ 1 § hours before the substorm (determined 
from ground magnetic records) the tail 
field continuously increased in strength In 
itself this result ıs compatible with both 
substorm models — it can be regarded asa 
good example of a ‘growth phase’ or, in 
terms of the ‘direct’ model, 1t can be argued 
S W H Cowley is a SERC Advanced Fellow in 
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that ¢ was increasing during this period but 
remained below the critical value required 
for substorm onset Unfortunately, solar 
wind magnetic field data are not available 
during this interval to test this mter- 
pretation The critical observation, 
however, 1s that shortly after substorm 
onset the tail field started to decline, 
reaching initial values ~ 40 mın after 
onset This result argues strongly in favour 
of the ‘growth phase’ model in which 
stored tail energy 1s dissipated after onset 
An important objection to this con- 
clusion may be made by asserting that while 
the tail field was increasing, substorms 
could indeed have been occurring (with € 
above critical value), but at sufficiently 
high latitude that they were not observed at 
standard auroral zone observatories (about 
65°-70° magnetic latitude) Baker et al 
rule out this possibility by examining data 
obtained from a widespread network of 
riometers The mometers indicate when 
energetic electrons are precipitating into 
the upper atmosphere by measuring the 
attenuation of cosmic radio noise at 20-40 
MHz resulting from the production of D 
region ionization They gave no indication 
of substorm-associated precipitation for at 
least 7 hours before the observed substorm 
onset The result 1s confirmed by a 
‘snapshot’ taken of the aurorae ~ 10 min 
before substorm onset near the height of 
the growth of the tail field by a US Aur 
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Force DMSP weather satellite, which 
shows the presence of quiet nightside 
auroral arcs, but no dynamic substorm 
features such as are plainly evident in the 
subsequent ‘snapshot’ taken by the same 
spacecraft ~ 100 min (one orbit) later 
Taken together, the data presented by 
Baker ef a! clearly argue strongly for the 
‘srowth phase’ model of substorm onset 
One feature of the data does, however, 
strike a somewhat discordant note It 1s 
found that while the decline in the tail field 
is essentially complete ~ 40 min after 
substorm onset, the ground data and 
DMSP observations clearly indicate that 
intense substorm activity continued for at 
least another hour This behaviour 1s 
reminiscent of Akasofu’s ‘direct’ model, 
although the suggestion cannot be directly 
tested in this case due to the lack of 
simultaneous solar wind magnetic field 
data Itseems reasonable to suggest that, in 
future, thought might be given to an inier- 
mediate substorm picture in which the 
expansion onset 1s as described by the 
‘srowth phase’ model, as demonstrated by 
Baker ef a/’s results, but where substorm- 
lıke conditions may be maintained after the 
stored energy has been largely dissipated by 
asufficiently large direct energy input from 
the solar wind D 
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Ly phenotype and the MHC 


from Elizabeth Simpson 


THE lymphocytes of the immune system 
comprise a heterogeneous collection of 
subpopulations of cells performing 
different functions The main distinction 1s 
between B cells, which produce antibodies 
and can be recognized by the antibody 
molecules on their surfaces, and T cells, 
which subserve almost all the other 
functions of the immune system and can be 
distinguished from B cells by the Thy-1 
antigen on their surfaces T cells them- 
selves, however, are functionally hetero- 
geneous, and cell surface markers reliably 
identifying different functional subsets 
have been more difficult to find 

One of the earhest T lymphocyte marker 
systems to be described was that of the Ly 
markers, Ly 1, Ly 2 and Ly 3, first des- 
cribed by Boyse etal ! The importance of 
these markers lay in their differentia! 
expression on T cell subsets??? and it was 
soon shown that they could be used to 
distinguish between helper T cells (Ly 1+ 
2-) and cytotoxic T cells (Ly 1* 2+ }*5 

Atabout the same time it became evident 
that T cells used self major histocompa- 
iability (MHC) antigens as guides during 


recognition of extrinsic antigens® For 
cytotoxic T cells, the self-restricting or 
guiding elements were class | MHC 
antigens H-2 K and D ın the mouse, HLA- 
B and -C m man, whist for helper cells the 
appropriate self determinants were class II 
MHC antigens H-2 I ın mouse, HLA-Din 
man’ 

Thus two sets of correlations seemed to 
be apparent first, cytotoxic T cell function 
was attributable to Ly 1+ 2+ cells and 
directed towards class I and class 
J-associated antigens Second, helper ceils 
were Ly 1~ 2° and directed towards class II 
or class II-associated antigens As a result 
of some recent experiments by Swain, 
however, the correlation between help and 
class Il antigens and cytotoxicity and class 1 
antigens has now broken down Instead, 
she proposes that Ly phenotype correlates 
primarily with the class of MHC antigen 
rather than with function The basis for 
this proposition 1s that, under certain con- 
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ditions, (1) T help can be found m popu- 
lations of T cells responding to class I 
allo-H-2 antigens, and this help 1s 
mediated by Ly 1* 2+ cells, and (2) 
cytotoxic T cells directed towards class II 
allo-H-2 antigens can have the Ly 1+ 2+ 
phenotype This analysis was made using 
monocional anti-Ly 2 antibodies so that 
the ambiguities inherent ın results from 
polyclonal antisera were eliminated 

It had previously been reported that Ly 2 
antibodies would block killing by cytotoxic 
T cells Swain therefore added anti-Ly 2 
antibody to cultures ın which T cell help 
was generated by an allogeneic response 
against allo-MHC antigens, either class I 
alone, class II alone or class I plus class II 
The induction of helper cells against class ] 
antigen alone was blocked by anti-Ly 2 
antibody In all other cases, anti-Ly 2 anti- 
body failed to block help This result ıs con- 
cordant witha previous report" that helper 
T cells stimulated with class I allo-MHC 
antigens had the phenotype Ly {+ 2+ Ina 
second series of experiments Swain tested 
the effect of anti-Ly 2 antibodies on cyto- 
toxic cells generated against either class I 
plus class II, class I alone or class II alone 
MHC alloantigens Cytotoxicity directed 
against class I alloantigens was mhibited 
whilst that against class II alloantigens was 
unaffected This finding 1s consistent with 
recent results of both Glasebrook and 
Pierres'!!, using cytotoxic T cell clones 
directed against class II MHC antigens 
These clones were phenotypically Ly 1+ 2+ 
or Ly 1+ 2* (Swain’s bulk culture activity was 
mediated by Ly 1+ 2* cells cells with a 
reduced expression of Ly 2 surface antigen) 
but the cytotoxic activity of these cloned 
lines could not be abrogated by Ly 2 
antiserum in the assay Swain’s 
conclusions are that T cells directed 
towards class II MHC antigens express Ly 1 
and (at low levels) Ly 2 and can have helper 
or cytotoxic function neither of which 1s 
blocked by anti-Ly 2 antibody However 
the presence of at least some Ly 2 antigen 
on the surface of the cytotoxic cells dis- 
tinguishes them from the normal Ly 1+ 2- 
helper cells generated ın response to class II 
antigens She also concludes that the helper 
cells directed against class I antigens havea 
Ly {+ 2+ phenotype and can be blocked by 
anti~Ly 2 antibody This last conclusion, 
however, 1s perhaps open to one objection 
it 1s possible that the helper activity could 
be mediated by cytotoxic cells making 
lymphokines — ın particular, interleukin-2 
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which could substitute for helper T cells m 
the culture This possibility is suggested by 
the recent discovery of cytotoxic T cell 
clones directed against class I antigens and 
producing interleukin-2!!:!2) Jt is also in 
line with recent evidence that T cell clones 
with either helper or cytotoxic functioncan 
elicit delayed-type hypersensinuvity —a T 
cell-mediated response — when injected 


367 


into the footpad of a mouse!3.14 
Nevertheless the unifying hypothesis put 
forward by Swain, that the Ly phenotype 
of a T cell and its MHC guiding antigen are 
the primary correlates, while function 
depends on the nature of the stimulation, 1s 
an attractive one, which puts into per- 
spective a certain amount of apparently 
conflicting data recently accumulated O 


Great voids in the Universe 


from Joseph Suk 


ONCE astronomers were content to point to 
the distribution of galaxies ın the sky and 
infer that the Universe 1s relatively uniform 
In appearance More recently, the cosmic 
microwave background radiétion, which 
samples the Universe at great depth, has 
provided dramatic confirmation of this 
homogeneity Itis uniform to atleast three- 
hundredths of a per cent, apart from the 
dipole anisotropy over {80 degrees that 1s 
associated with the motion of our Galaxy 
Our local region of space 1s obviously 
inhomogeneous, but this can easily be 
accounted for because the microwave 
background radiation 1s seen as being 
emitted from a very early phase in the 
history of the cosmos before structure fully 
developed One can think of this epoch as 
corresponding to a cosmic ‘surface’ or 
photosphere where the radiation was last 
scattered, somewhat analogous to the 
photosphere layer of the Sun below which 
we cannot see Before this moment of last 
scattering, which also coincides with the 
epoch of ‘decoupling’ of matter and 
radiation, the radiation was strongly 
scattered by ionized particles As the 
Universe expanded, the electrons and 
protons cooled eventually to combine into 
hydrogen atoms, which are highly 
transparent to the radiation, and little 
scattering subsequently occurred 

Since then, small density fluctuations 
have grown, unimpeded by the drag of the 
radiation and driven by their own slight 
Increase in gravitational attraction, and 
have gradually accreted more and more 
Surrounding matter Such primordial 
fluctuations eventually formed galaxies, 
clusters and even superclusters of galaxies 
The smoothness of the radiation provides a 
measure of the degree of inhomogeneity of 
the Universe at the decoupling epoch, anda 
strong constraint on theories of galaxy 
formation 

The larger the structure that is observed, 
the greater is the challenge to any theory for 
the origin of large-scale siructure The 
recent discovery of a great void extending 
over some 10° cubic megaparsecs in the 
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direction of the constellation Bootes has 
therefore attracted considerable attention 
(R P Kirshner, A Oemler, P L Schechter 
and S A Schectman Astrophys J. Lett 
248, L57, 1981) Several smaller regions 
containing no luminous galaxies were 
discovered during the course of galaxy 
Surveys in the vicinities of great clusters, 
but the Bootes void ıs considerably greater 
than these regions It had previously been 
noted that galaxies surrounding the Coma 
cluster formed a great supercluster But if 
galaxies were sprinkled at random 
locations ın space, many of them should 
have possessed redshifts appropriate to 
distances intermediate between the Coma 
cluster and the Virgo supercluster, of 
which our own Galaxy ıs an outlying 
member Instead, great gaps were found in 
the redshift distribution, and as redshiftisa 
direct measure of distance, this was 
indicative of an almost complete absence 
of bright galaxies ın the vast space between 
Coma and Virgo 

The void in Bootes was discovered by 
looking deep into three small regions of sky 
separated by up to 30 degrees, and 
measuring the redshifts (and hence the 
distances) of all galaxies brighter than 16th 
magnitude In this way, a region of the 
Universe extending well beyond the Coma 
cluster was probed When Kirshner and his 
colleagues analysed the data ın each of the 
three windows, they found a surprising 
coimcidence — there was a similar gap in 
the redshift distribution ın all three data 
sets In effect, they had surveyed three 
cone-shaped regions that passed through 
the same great hole 1n the distribution of 
galaxies The only plausible explanation 
was that the width of the hole spanned at 
least the 30 degrees they had sampled, and 
this led to the estimate that ıt encompassed 
a roughly cubical volume some 100 Mpc on 
the side 

The absence of bright galaxies ın such a 
volume can be interpreted ın several ways 
Perhaps the region 1s truly devoid of 
matter, and 1s a genuine void in space 
Galaxy clustering permits the formation of 
holes, just as im some regions, great 
aggregations develop This explanation 
runs into one possible difficulty, since 
smali inhomogeneities should have been 
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present in the matter at the epoch of last 
scattering of the radiation The inferred 
amplitude of the associated radiation 
fluctuations from which this hole and other 
similar structures grew must have been at 
least one part in 10°, and the fluctuations 
would extend over an angle of about 2° 
One would expect to see traces of these 
fluctuations in the microwave background 
radiation, however recent observations 
suggest that they are probably absent 
These primordial fluctuations could, in 
principle, be smoothed out if the 
intergalactic medium stayed 1onized 
because of heating from some unknown 
process, which would rescatter the 
radiation However, the scale on which 
such smoothing effects could operate 1s 
limited by the distance travelled by light at 
a time when the density was high enough to 
permit rescattering of the radiation and 
amounts to few degrees If the implied 
radiation fluctuations are definitely not 
seen, the great void ın Bootes cannot be a 
true hole but must contam matter ın some 
form 

This leads to the intriguing implication 
that there 1s an underlying dark component 
of the matter distribution One could 
imagine ıt to be distributed uniformly on 
scales of tens of megaparsecs Only a 
modest fraction need be clumped to 
account for the galaxy haloes and clusters 
which most astronomers believe are bound 
by such dark matter It is a sobering 
reflection on our role in the Universe that 
most of its contents are hidden from view 
The nature of the pervasive dark matter 
may, however, soon be resolved Two 
experiments tentatively reported in 1980 
that the neutrino has a finite rest mass 
Neutrinos are predicted by the big bang 
theory to fill space ın numbers comparable 
with those of the photons of the microwave 
background, and several experiments are 
underway to confirm this result If the 
neutrino mass ultimately 1s found to exceed 
even one-millionth of an electron mass, 
neutrinos would dominate the mass density 
of the Universe 

Why should the voids contain neutrinos 
but lack the atoms from which galaxies 
formed? Adjacent to the voids are huge 
superclusters of galaxies Evidently 
galaxies accumulated ın great sheet-like or 
filamentary structures, occupying a small 
fraction of the volume of space The 
galaxies could not have simply participated 
in the collapse of the superclusters, 
otherwise they would have acquired 
extremely high random velocities that 
would grossly violate observational 
constraints A more plausible possibility 1s 
that the matter originally collapsed while 
still in gaseous form into great sheet-like 
condensations that subsequently 
fragmented into galaxies Gaseous matter 
can radiate away the kinetic energy 
acquired during free-fall collapse, and so 
the newly formed galaxies need not develop 
large random motions This idea 1s the 
basis of the pancake (or blin1) theory of 
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galaxy formation advanced by Ya B 
Zel’dovich and his colleagues in Moscow 
A serious but not necessarily fatal 
objection to the blini theory ıs that all 
galaxies are predicted to form ata relatively 
late epoch Astronomers have been 
searching for the luminous protogalaxies 
predicted by this scenario, but have had 
little success 

A final possibility is that the galaxy 
formation process has somehow been 
modified or even suppressed in the great 


voids between the luminous galaxies 

Perhaps the voids simply Jack bright 
galaxies but contain vast numbers of faint, 
low luminosity galaxies or, alternatively, 
enormous amounts of very diffuse hot gas 
that has failed to condense into galaxies 

Existing searches have not been sufficiently 
sensitive to test either of these hypotheses 

One can only conclude, as with so many 
other astronomical problems, that 
improved observations are urgently 
needed Q 


How the malarial parasite enters 


the red blood cell 


from R J Wilson 


MALARIOLOGISTS have been thrown into a 
state of excitement by the expectation that 
the question of how the malarial parasite 
interacts with and deforms the erythrocyte 
membrane ın order to gain entry may soon 
be answered The excitement stems from 
the rapid accumulation of information 
about the composition and structure of the 
erythrocyte membrane and its associated 
cytoskeleton, as well as the experimental 
identification of separate stages ın the 
parasite’s (merozoite) invasion sequence 
The stages can be categorized simply as 


recognition, attachment, junction 
formation and entry 
Recognition 


Both the resistance and the susceptibility of 
animal species to particular malarial 
parasites correlate with surface 
interactions between the parasite and the 
host red cell More specifically, Miller and 
his colleagues have shown there 1s an 
association between ‘receptors’ for 
malarial parasites and red cell surface 
antigens! Human erythrocytes lacking the 
Duffy blood group antigens are resistant 
to invasion by merozoites of the simian 
parasite Plasmodium knowlest — an 
observation which may explain the striking 
absence of P vivax (a human malanial 
parasite) in West Africa where most of the 
population is Duffy negative 
Unfortunately, contmuous cultivation of 
P vivax has not been accomplished ın 
vitro, so it 18 not possible to test this 
hypothesis directly Nevertheless, much 
data has been gathered to support the 
hypothesis, culminating ın the observation 
that although P knowlesi1s, after all, able 
to recognize and attach to Duffy-negative 
human red cells, itis not able to enter them. 
It is the internalization process rather than 
recognition of an appropriate red cell that 
is defective 

A good case can be made that on human 
red cells glycophorin acts as a receptor for 
RJ Wilson is at the National Institute for 


Medical Research, The Ridgeway, Mill Hul, 
London NW7 LAA 


the major human malarial parasite P 
falciparum? Erythrocytes (so-called 
En(a-) cells) deficyent ın glycophorin A, the 
main sialoglycoprotein of the human red 
cell membrane, are less susceptible to 
parasite invasion in vitro Furthermore, 
antibodies to glycophorin A block 
invasion, and the addition of purified 
glycophorn A to cultures can inhibit 
parasite invasion in vitro Erythrocytes 
deficient in glycophorin B (S-s-u cells), 
which are relatively resistant to invasion, 
become almost completely resistant when 
trypsinized so as to remove the 
oligosaccharide-rich N-terminal! region of 
glycophorin A Interestingly, merozoites 
of P falciparum are unable to distinguish 
between erythrocytes bearing MM, NN or 
MN antigens As these antigenic structures 
are determined by the configuration of the 
five N-terminal amino acids of glycophorin 
A and the three associated oligo- 
saccharides, the terminal region of 
glycophorin A seems not to be specifically 
involved ın recognition and attachment 
Attachment 
Adhesion of a merozoite to an appropriate 
erythrocyte has no immediate con- 
sequences unless the merozoite 1s oriented 
with its apical end (which contains various 
micro-organelles) to the erythrocyte 
membrane This ortentation results in a 
rapid spasmodic ‘flinching’ movement 
involving as much as one-third of the 
erythrocyte membrane? The membrane 
then appears to relax with the merozoite 
stull attached but largely external to it 
Next, the parasite ıs drawn relatively slowly 
into a tightly localized invagination of the 
host cell membrane After entry, sealing of 
the pore 1s accompanied by irregular but 
widespread movements of the erythrocyte 
membrane and slight swelling of the host 
cell 

The changes involved in this dynamic 
process take about 20 seconds to complete 
and can be deciphered by drawing on the 
static structural evidence of transmission 
electron microscope and freeze-fracture 
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studies, as well as models of the structure of 


the erythrocyte membrane and its 
associated cytoskeleton. Transmission 
electron micrographs indicate that the 
plasma membranes of the host erythrocyte 
and parasite do not fuse but the merozoite 
seems to be attached by its apical tip to the 
red cell membrane and contents discharged 
from the merozoite’s rhoptry organelles 
may be implicated in adhesion. 

Junction formation 

The subsequent invasion process is 
characterized by the development of a 
discrete junctional zone — an electron- 
dense thickening of the erythrocyte 
membrane closely applied (10 nm) to the 
parasite’s surface coat in the apical region’. 
Electron micrographs indicate that the 
inner leaflet of the red cell membrane 
bilayer is thickened and Aikawa and his 
colleagues’ have demonstrated by freeze- 
fracture that in this zone in the 
protoplasmic or P-face of the membrane, 
there is an array of tightly packed 
intramembranous particles (IMPs). Both 
this and an earlier freeze-fracture study by 
McLaren et a/.° concur in describing IMP- 
free vesicles (or sections through a tortuous 
membranous channel) extending from the 
parasite’s point of attachment deep into 
the erythrocyte’s interior. All the changes 
just described still occur when merozoites 
treated with cytochalasin B interact with 
erythrocytes, even though the merozoites 
cannot complete the invasion process. 
Clearly attachment, which may involve 
recognition sites (receptors) and the 
formation of an IMP-rich junction area of 
host cell membrane, needs to be followed 
by further steps to allow invasion. 

One of these is the translocation of the 
junctional zone as a narrow ring-like 
structure along the longitudinal axis of the 
merozoite until it encloses it and forms part 
of the parasitophorous’ vacuole 
surrounding the internalized parasite. 
Aikawa et al.’ have confirmed the earlier 
important observation by McLaren et al. 
that the P-face of the invaginated 
membrane, which ultimately forms the 
parasitophorous vacuole, has a grossly 
reduced number of IMPs compared with 
the intact membrane. Unlike Aikawa, 
McLaren et al. reported few particles in the 
external or E-face of the invaginated 
membrane. 

Entry into the red cell 

During internalization, the surface coat of 
the merozoite is modified and can no 
longer be detected within the invagination 
by electron microscopy. Earlier 
Suggestions that the surface coat 
accumulates outside the invagination and 
is eventually sloughed off have been 
challenged. Aikawa etal. maintain that the 
surface coat is unaltered external to the 
invagination and that a process akin to 
capping cannot be invoked to explain the 
parasite’s internalization. 

The motive forces responsible for 
invagination of the parasitophorous 
vacuole membrane and internalization of 











Above, freeze-fracture electron micrograph of a merozoite(m) entering a red blood cell (rbc). 
The arrows indicate the E-face of the erythrocyte membrane. Ev is the E-face of the vacuole 


membrane. x37,000. Below, high-power 


electron 


micrograph of the neck of the 


invagination. The E-face of the vacuole (Ev) shows few IMPs. Pm, P-face of the merozoite 
membrane. x68,700. (From ref. 5.) 


the attached parasite can only be guessed. 
Membrane flow past the junctional zone 
might cause its apparent lateral 
displacement. The formation of an IMP- 
rich patch around the initial attachment 
site and the subsequent invagination of a 
large IMP-depleted vacuole (com- 
mensurate with about 3 per cent of the 
erythrocyte’s surface area) suggest that 
peripheral membrane proteins such as 
spectrin and actin are dissociated from the 
cytosol surface of the erythrocyte 
membrane to allow lateral redistribution of 
IMPs. In intact erythrocytes there is 
evidence that IMPs represent the integral 
membrane proteins, band 3 and gly- 
cophorin. These have restricted lateral 
movement because of interaction with the 
cytoskeletal network’. It is still unclear 
whether a histidine-rich (73 per cent) 
parasite protein is released during invasion 
and acts like other polyanionic substances 
to disrupt the cytoskeletal network*, and 
whether the IMPs aggregated in the 
junction zone by the malarial parasite 
actually correspond to erythrocyte 
proteins. 

So far there have been few studies of the 
invasion of erythrocytes with modified 
cytoskeletons. Recently, it was reported 
that ovalocytic erythrocytes from 
Melanesions are resistant to invasion by P. 
falciparum’. This could be due to an 
alteration in the erythrocyte’s cytoskeleton 


that reduces the physical deformability of 


the membrane or prevents the 


redistribution of IMPs required for 
junction formation. Alternatively, there 
may be a defect in the distribution of 
surface receptor sites. Access to the 
cytoskeleton for specific reactions with 
antibodies and other reagents has been 
achieved by the formation of resealed 
erythrocyte ghosts which retain their 
susceptibility to parasite invasion!®. 
Preliminary studies (Dluzewski, personal 
communication) with resealed erythrocyte 
ghosts containing antibodies to spectrin 
indicate that parasite invasion is markedly 
reduced. This approach promises to help 
clarify the rearrangement of peripheral and 
integral erythrocyte membrane proteins 
during invasion. Clearly, many challenging 
problems remain to be solved at the 
molecular level before we can claim to 
understand how the major haemotropic 
pathogen of man makes its temporary 
escape from the extracellular environment 
by invading red cells. 
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The mystery of the mouse a-globin pseudogene 


from R.A. Flavell 


THE chromosomes of multicellular 
organisms seem to be full of a wide variety 
of DNA sequences which are of no 
apparent use to their hosts. Some of these 
sequences, termed pseudogenes, are 
defective copies of functional genes. The 
laboratory mouse has two such crippled 
genes — the a-globin pseudogenes. 
However, one of them, aw3, is different 
from other pseudogenes described to date. 
It has precisely (to the nucleotide) lost the 
intervening sequences (or introns) which 
are present in the functional a-globin 
genes'.?, It is not known why introns are 
commonly found in the genes of 
vertebrates — they are removed from the 
primary RNA transcript during production 
of a functional messenger RNA and it 
seems a complicated method of encoding 
genetic information when intronless genes 
work well in prokaryotes (for speculations 
on this subject see ref.3). But whatever the reasons 
why the insertions are present in the normal 
a-globin genes; the question of how aew3 
lost its introns is a riddle of great interest. 

One possible origin of aw3 is that an 
intronless a-globin mRNA altered a 
duplicated normal a-globin gene to an 
exact copy of itself by gene conversion! . 
However, although gene conversion 
between homologous DNA sequences is 
well characterized, gene conversion by a 
RNA has not been seen. Another, perhaps 
more plausible possibility is that aw3 
somehow derived from the copying of an 
a-globin mRNA into a DNA molecule by 
the retrovirus-encoded enzyme reverse 
transcriptase. Such a DNA might also alter 
a duplicate a-globin gene by gene 
conversion. 

The most exciting proposal is, however, 
that an a-globin mRNA actually became 
incorporated into the RNA genome of a 
retrovirus. Retroviruses are equally at 
home as either RNA-containing viruses or 
DNA copies of this RNA (called pro- 
viruses) which are integrated into the host 
cell DNA. Therefore, provided that one 
accepts that an a-globin mRNA could gain 
entry into the retrovirus genome, it is only 
necessary to invoke the normal infectious 
cycle of the virus to explain the presence of 
aw3. Retroviruses are certainly capable of 
incorporating cellular genes into their 
RNA genomes* and, significantly, 
comparisons between the cellular and viral 
genes show that the RNA copies of these 
cellular genes have sometimes lost the 
introns which characterize the parent 
genes®. So far the only genes known to 
have been ‘captured’ by a retrovirus are 
those conferring an easily scored 
phenotype on infected cells (tumorigenic 
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transformation), but it is reasonable to 
suppose that a retrovirus might in- 
corporate any piece of the cells’ transcribed 
DNA, suchas the a-globin gene. Of course, 
such an event would have to occur in the 
germ line of the mouse to survive the 
eventual death of its host. 

Such a model demands that the newly 
integrated a-globin gene be accompanied 
by a retrovirus provirus. In this issue of 
Nature (p.426), Lueders et al. describe 
their analysis of the flanking DNA of both 
a-globin pseudogenes and the a-globin 
genes of mouse. They show that aw3 is 
indeed flanked by a pair of retrovirus-like 
elements whereas the other a-globin genes 
are not. The elements, which are present in 
about 1,000 copies per mouse genome, 
encode a class of virus-like entities called 
intracisternal type A particles (LAPs) which 
share close similarities with the commonly 
studied type B and type C retroviruses. 
Unfortunately, it is by no meahs clear 
whether IAP elements are responsible for 
the creation of aw3, as the pseudogene is 
flanked on either side by about 4 kilobases 
of cellular DNA before the IAP elements 
are reached, whereas the model demands 
that aw3 be actually connected to the 
retroviral sequences. It is at this point that 
the real problem in determining the origin 
of this pseudogene raises its head. 

The pseudogene emerged roughly 20 
million years ago, since when there may 
have been numerous alterations to the gene 


100 years ago 


THE INDIAN DARTER 
The Darters form a very peculiar type of birds 
of the order Steganopodes, allied to the 
Cormorants in structure, but very Heron-like 
in gait and gesture. The Darter in its normal 
position sits erect upon a branch or stump 
overlooking the water. When proceeding to 
fish it dives head foremost into the stream, and 
swimming entirely under water, transfixes its 


and its immediate environment, perhaps 
because aw3 was probably superfluous to the 
metabolic requirements of its host. 
Deletion or insertion of other DNA 
sequences may have masked its original 
configuration. The authors point out that a 
way around this problem may be to study 
the same pseudogene in related mouse 
species and in the rat. By looking for 
alterations which have cropped up during 
the evolution of these species, the original 
configuration of aw3 may be revealed. 
Two of the authors are accumulating more 
data on mouse genes flanked by other [AP 
elements which should show whether the 
aw3-IAP complex is particularly unusual. 
Doubtless, the sequences between the 
pseudogene and the IAP elements are also 
being scrutinized for clues to the origin of 
the arrangement. 

If [APs do turn out to have a role in the 
creation of the a-globin pseudogene, could 
such a phenomenon affect genome 
evolution by inducing the migration of 
functional DNA sequences to new sites? Or 
are we looking at a way of creating merely 
new ‘junk’ DNA? a 
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finny prey with the rapidity of lightning. 
Emerging from the water with the fish speared 
upon its long slender beak, the Darter chucks 
the fish into the air, and catching it head 
foremost with unerring aim, swallows it 
whole. 

The Darters usually exhibited in the Royal 
Society’s Gardens are of the South American 
species (Plotus anhinga), but in 1878 an 
example of the African form Le Vaillant’s 
Darter (Plotus levaillanti)' was received. In 
April last an example of a third species of this 
genus — the Indian Darter (Plotus 
meiangaster) was obtained in exchange from 
the Zoological Gardens of Calcutta. 

‘*In a state of nature,” as Dr. Jerden tells us, 


“this beautiful diver is found throughout all 


India, Ceylon, Burmah, and Malayana. It is 
exceedingly numerous in some parts of the 
country, especially in Bengal; hundreds are 
often to be seen on a single jheel. They hunt 
singly in general, or in scattered parties, but 


> often roost in company, both at night and in 


the middle of the day, when numbers may be 
seen perched on the trees overhanging some 
tank or river. They float low on the water, 
often with nothing but the head and neck 


ma p * visible, and swim and dive with rapidity. After 


feeding for some time they perch on the bough 
of a tree or on a pole or stone, and spread their 
wings out to dry as the Cormorants do.” 
From Nature 25, 24 January, 297, 1882. 
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REVIEW ARTICLE 


Grain alignment in the galactic magnetic field 


Paul E. Johnson 
Wyoming Infrared Observatory, Department of Physics and Astronomy, University of Wyoming, Laramie, Wyoming 82071, USA 





The linear polarization of light observed in many distant stars, presumably an effect of absorption of 
starlight by elongated interstellar dust grains, provides a means of mapping the magnetic field lines in 
our own Galaxy as well as pate the properties of the intervening dust. Processes for grain alignment 


in the galactic magnetic fie 


d are reviewed: evidence is examined for grains being spun up to extremely 


high (10° Hz) angular frequencies by the recoil of hydrogen recombination on grains, as an essential 
part of the alignment process. Grain alignment would then be inhibited in regions of grain growth and 
would be most effective where grain growth is inhibited or reaches saturation. 





WHEN the light from stars close to the galactic plane is analysed, 
it is found to be both reddened and polarized, with the angle of 
polarization most often lying in the galactic plane. Both are 
presumed to be effects of absorption of starlight by a medium 
containing clouds of elongated dust grains (accompanied by 
neutral hydrogen), spinning so that their major axes tend to be 
transverse to the plane of the galaxy. The starlight transmitted 
through such a medium would appear reddened and linearly 
polarized in a direction parallel to the galactic plane. 

The typical interstellar grain is usually found in diffuse clouds 
composed of a relatively high density of dust (~8 x 107"! grains 
cm ~) and neutral hydrogen gas (~20 atoms cm *)’. Inside such 
denser clouds grains are shielded from the destructive effects 
of stellar UV radiation and can therefore grow by the accretion 
of volatiles such as H2O, CH, and NH3. Grain cores are expec- 
ted to be composed of more refractory materials, such as 
silicates, SiC and graphite. The observed optical properties of 
grains indicate overall grain diameters of 0.02 to 0.15 pm 
(ref. 2). 

Martin’ pointed out that a rotating, charged grain will precess 
about a magnetic field, regardless of the mechanism aligning the 
grain. The result of such a precession is that, on a time average, 


Fig. 1 Interstellar polarization. 
The direction and degree of linear 
polarization of nearly 7,000 stars is 
shown with respect to galactic coor- 
dinates. The length of each line is 
proportional to the linear polariza- 
tion. Stars with a polarization 
<0.08% are represented by small 
circles. (After ref. 5. With the 
permission of the Royal Astro- 
nomical Society.) 


Latitude 
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the distribution of grain axes will be symmetric about the 
magnetic field, if the period of precession is adequately short. 
Dolginov and Mytrophanov* suggested that the Barnett effect, 
the spontaneous alignment of atomic dipoles in a rotating body, 
will produce a rapid precession in a magnetic field, even for an 
uncherged grain. For physical conditions in the interstellar 
medium the period of either type of precession is much shorter 
than the time constant for any previously proposed alignment 
mechanism. Therefore, the polarization of starlight should 
either be parallel or perpendicular to the magnetic field. 

Figure 1 shows that the most orderly regions of polarization 
are those near the galactic plane exhibiting a polarization 
parallel to that plane. Therefore, it is reasonable to conclude 
that the general galactic magnetic field probably runs either 
parallel or perpendicular to the galactic plane’. 

The increase in the amount of Faraday rotation (which gives 


_n,B, integrated along the line of sight, where ne is the electron 


number density in the interstellar medium and By is the 
component of the magnetic field directed along the line of sight) 
with decrease in galactic latitude, as measured in several 
hundred extragalactic radio sources, is consistent with radiative 
transfer through a general galactic magnetic field®. Uncertain- 
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ties in the electron density and variations in the magnetic field, 


B, over long pathlengths prevent an accurate determination of 
the galactic magnetic field from these data’. Measurement of the 
dispersion of pulsar signals (which gives 7. integrated along the 
line of sight) and their Faraday rotation allows an accurate 
determination of both the electron density and magnetic field in 
the solar neighbourhood. The uniform component of the 
magnetic field in the solar neighbourhood has been measured at 
2.2+0.4x10°°G in this way’. The variation of the magnetic 
field with galactic longitude indicates that B runs roughly 
parallel to the galactic plane. The polarization of starlight has 
been one of the chief tools with which to investigate the large- 
scale structure of the galactic magnetic field. I review here the 
two most viable theories of grain alignment and assess the 
evidence bearing on them. 


Davis—Greenstein grain alignment 


It has been generally assumed that interstellar grains are aligned 
with respect to the interstellar magnetic field by paramagnetic 
relaxation of thermally rotating grains, as originally proposed by 
Davis and Greenstein® (DG alignment). In this process a 
paramagnetic grain is set spinning by impacts with the inter- 
stellar gas. When such a grain is immersed in an external 
magnetic field an internal field is induced such that its direction is 
coincident with the external field. It is impossible for the align- 
ment of the internal and external fields to be achieved instan- 
taneously. Because the grain is spinning there is always a slight 
misalignment between the two fields. The external field attempts 
to enforce alignment with a drag torque opposing the angular 
velocity of the grain about an axis perpendicular to the direction 
of the magnetic field. This results in grain alignment. DG 
alignment of aspherical particles was modelled by Purcell’ and 
Purcell and Spitzer’? using a Monte Carlo analysis of the entire 
process. Their analyses confirmed the theoretical results of 
Jones and Spitzer'' that alignment of grains adequate to explain 
the interstellar polarization of starlight would require a 
magnetic field >10°° G, much larger than what has been found 
empirically. 

To achieve effective DG alignment, the collisional damping 
time of grains (due to gas—grain collisions) fa, must be less than or 
equal to the paramagnetic relaxation time (the time scale for 
alignment) r, (refs 10-12). In a HI cloud one must have 

2 
Fonte ME (1) 
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where y” is the complex part of the magnetic susceptibility of the 
grain material, w the angular frequency of the grain, ny the 
number density of hydrogen atoms, Ön the r.m.s. velocity of 
hydrogen atoms, and a the mean radius of an interstellar grain. 
For the conditions in a ‘typical’ H I cloud (the neutral hydrogen 
density, nu = 20cm™~’, T, = 80K, Ta = 15 K, and paramagnetic 
grains with a =0.3 um (ref. 1)) B must be greater than 8x 
1076 G. So large a magnetic field in H1 clouds is inconsistent 
with the upper limit of 3x10°°G from Zeeman measure- 
ments’? 

This problem can be circumvented by assuming that the grains 
responsible for interstellar polarization are weakly ferro- 
magnetic or superparamagnetic. The latter occurs when isolated 
clusters of iron atoms, less than 100 Å in size, behave as single, 
giant magnetic moments`*. Duley’* has suggested the existence 
of weak ferromagnetism or superparamagnetism in grains of 
mixed MgO FeO SiO. According to this theory, if the cores 
(100-200 A in size) of 0.1-0.3 um grains are composed of such 
material and covered with ice, then they can be aligned in a field 
of only 1x10°°G, If the cores are weakly ferromagnetic, 
relaxation is caused by the spin-lattice relaxation of paramag- 
netic spins in a mantle of icy material. If, on the other hand, the 
grains are superparamagnetic, relaxation proceeds as in the case 
of paramagnetic relaxation, but with fields <1x10°°G. 
However, it is not certain that this latter process is effective in 
cores 100-200 A in size. 


In any case, such mixed oxide grains would reproduce the 
spectral resonances at 3.1 pm and 10 ym seen in such sources as 
the Becklin-Neugebauer Object (BN) in Orion'*. Other ferro- 
magnetic materials, such as magnetite'’, used in explaining 
interstellar polarization cannot easily reproduce these spectral 
features. 

Most other alignment mechanisms are greatly inferior to DG 
in explaining grain alignment in the galactic magnetic field '*. For 
example, Gold’s streaming mechanism (in which grains present 
their smallest cross-section to a stream of rapidly moving gas) 
falls short of DG by an order of magnitude in explaining the 
general interstellar polarization’. 


Purcell pinwheel alignment 


Purcell’s'*’* pinwheel alignment mechanism seems to be viable 
for the physical conditions in the interstellar medium. In this 
theory, a grain spins-up to high angular velocities when 
inhomogeneities on the surface of the grain result in a mean 
torque with respect to an axis fixed in the grain. Such torques 
arise, for example, when hydrogen atoms collide with a grain 
and stick to it, diffusing over the surface of the grain until they 
combine with another hydrogen atom at an ‘active’ site. 
Hollenbach and Salpeter”? suggest that a limited number of 
active sites exist on a grain and are simple impurities or surface 
defects that serve to catalyse the formation of molecular hydro- 
gen. Such a molecule is subsequently ejected with a linear 
momentum po, resulting in a relatively large torque being 
imparted to the grain. For v active sites randomly distributed 
over the surface of a grain, the mean torque applied by such a 
collision is about apo/v'’?. A torque can also be the result of a 
variation in the photoelectric emissivity or the accommodation 
coefficient (the fraction of gas atom kinetic energy transferred to 
the grain in a gas-grain collision) over the surface of a grain. 

All of these processes will produce relatively strong systema- 
tic torques, leading to rotational frequencies as high as 10s’, 
corresponding to a rotational velocity, (wa), of 10° cms™' for a 
grain of radius 0.1 um. In comparison, the mean velocity of a gas 
atom for T, = 80 Kis 1.3 x 10° cms”. Purcell’? shows that in the 
presence of dissipative processes, such as anisotropic elasticity, 
the grain’s angular momentum direction will lie along the prin- 
cipal moment of inertia. Note that almost nothing is known 
about the shape of grains other than that elongated grains are 
required to generate the observed polarization of starlight. 

Of the above processes, the hydrogen recombination pin- 
wheel should be the most effective in the interstellar medium by 
several orders of magnitude where hydrogen is mainly in the 
atomic form. 


Effect of grain resurfacing on alignment 


The Purcell pinwheel mechanism possesses quantitative 
difficulties in explaining grain alignment'’'*”’. These problems 
arise because we previously assumed that the net torque due to 
anisotropies on the surface of a grain does not change with time. 
Here only the case of hydrogen recombination driving the grains 
suprathermally, the strongest of the processes suggested by 
Purcell, will be considered, although the results are quite 
general. Both the theory of grain growth and the measurement 
of the increase of Amay the wavelength of maximum linear 
polarization, with distance into a dark cloud indicate that grains 
are growing’. Therefore, over a period of time, f,, old active sites 
will be covered up, leaving new ones. Whether or not the 
locations of the new sites are correlated with those of the old 
sites is unknown. It is reasonable to assume that the new torque 
on a grain would be entirely altered when the radius of a grain is 
increased by a single monomolecular layer. 

Spitzer’ gives the rate of increase of the radius of a grain due 
to the accretion of atoms, excluding H and the noble gases, with 
cosmic composition as 


da , 
4, =2x10 fcm yr (2) 


where € is the effective sticking coefficient, T,=80K, and 
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nu = 20 cm™*. Most growth in dust clouds should be due to the 
accretion of oxygen and the resulting formation of ice. In 
2.4 x 10° yr, the collisional damping time in these conditions, the 
radius of a grain changes by about 6 x 10~7°cm, exceeding the 
thickness of a monomolecular layer. 

Just as serious as grain growth is the constraint put on Purcell 
alignment by grain denudation due to UV radiation in un- 
shielded nebulae as well as in dust clouds where there has been a 
burst of UV radiation during star formation. Such denudation 
would resurface grains just as effectively as grain growth. 

Purcell’? and Spitzer and McGlynn” treat the effect of the 
alteration of a grain surface on pinwheel alignment in some 
detail. Let us assume that after a time ¢, the torque on a grain, in 
body coordinates, will have been completely altered. 
Unfortunately, the effectiveness of paramagnetic relaxation on 
grain alignment depends critically on ft, which is uncertain at 
best. If 4, > 4, grains will spin-up to an equilibrium angular 
velocity in a time ty, and will then become aligned. However, if tL 
is small, the torque about the principal moment of inertia will 
occasionally change sign and the angular velocity of the grain 
about the axis will ‘cross-over’ through zero. The extent to which 
alignment is affected depends on the magnitude of the change in 
grain orientation during cross-over and the cross-over 
frequency. Purcell’? shows that the mean time between cross- 
overs is £, where 


t= 1.3(t. + 0.6tn) (3) 


tm is the time required for a grain to collide with a mass of gas 
equal to its own mass. If 4 ~ fm and a grain loses all memory of its 
orientation during a cross-over, then the Purcell mechanism falls 
short by at least an order of magnitude in explaining the 
observed polarization of starlight. 

Spitzer and McGlynn?’ used a Monte-Carlo analysis to 
determine how much orientation a grain loses during cross-over. 
They were only able to strengthen marginally the ability of the 
Purcell mechanism to align grains. Some of the physical 
parameters affecting their model (such as grain size and density) 
are rather poorly known, however, so that the outcome is not 
certain. 

There are at least two sets of conditions in which pinwheel 
alignment is still viable. If the grains are superparamagnetic or 
ferromagnetic y” can be larger by up to a factor of 10° (ref. 1). 
Then (f,,/t,) is small enough so that appreciable alignment is 
likely, even with fields of 107 G. Another possibility is the 
inhibition of grain resurfacing. 


Grain growth and destruction in 
the interstellar medium 


Observations of the wavelength dependence of the polarization 
of the stars obscured by the R Coronae Australis dark cloud has 
led Vrba et al.?”? to conclude that there is an evolution of grain 
size distribution with age and changing environment (Fig. 2). 
R CrA is a young cloud (<10° yr)” with its high density and low 
internal stellar luminosity favouring the formation of large 
grains. The large variation in grain size (as reflected in the large 
dispersion in Amax) is likely to be caused by individual grains 
being formed and growing in different conditions in different 
parts of the cloud. Stars near the edge of the cloud, for example, 
would be less shielded than grains in the interior and would 
therefore experience a slower rate of growth and a smaller mean 
size. 

The «œ Persei cluster (an analogue of the R CrA cloud with an 
age of 2 x 10” yr) has a smaller mean grain size, close to that of 
the general interstellar medium”. Coyne et al.” show that in 
~10’ yr large grains can be destroyed by photodesorption 
during a phase of extremely luminous pre-main-sequence 
evolution, which the œ Per cluster has apparently experienced 
and to which the R CrA cloud has not yet evolved. Stellar 
winds and radiation pressure may have dispersed large grains, 
and, of course, UV radiation would be expected to dissipate 
the mantles of grains, thus reducing their size. 
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We will assume that grains in the diffuse interstellar medium 
are cores denuded of their mantles and are strongly growth 
inhibited by UV desorption. Such grains, almost regardless of 
their composition, will experience efficient alignment by the 
Purcell pinwheel alignment process due to the non-existence of 
an efficient grain resurfacing mechanism in these conditions. 

The rate at which an interstellar grain accretes material by 
gas-grain collisions is given by ma?n,Dać, where n, is the number 
density of atoms in the gas other than hydrogen and the noble 
gases and ða is the r.m.s. velocity of these atoms. The rate at 
which atoms are desorbed from a grain is given by 
ma’ Y aGo exp(—Tyv), Where Y,, is the photodesorption yield of 
a grain, Go is the integrated diffuse interstellar photon flux 
between 912 (the Lyman limit) and 1,900 A (longward of which 
photodesorption is rather ineffective), and 7,, is the effective 
extinction in the UV to the region under consideration”’. One. 
would expect that even if there is no net grain growth, accretion 
and photodesorption will redistribute active sites more rapidly 
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Fig. 2 Histograms of the grain size distribution (as measured by 

the wavelength of maximum polarization, Ajax, for an obscured 

source) for the diffuse interstellar medium (IM) and the a Per and 

R CrA dark clouds. The solid curves represent normal distributions 

fitted to the data. (After ref. 22. With the permission of the 
University of Chicago Press.) 
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than accretion alone. For the activation of the Purcell pinwheel 
mechanism by photodesorption it is then necessary that grains 
are completely stripped of volatiles, or 


N,D ae < Y,aGo exp(— Tu) (4) 


In the interstellar medium nominally we have €=1, Y,u~ 
5x10, Go~1.7x10%cem?s"', and 6,~8.0x10? cms” 
(corresponding to the r.m.s. velocity of oxygen atoms at 80 K)”. 
Therefore n, exp(r,,) <8 x 10*cm™* in order for grain resur- 
facing to be effectively halted”. This criterion would in general 
be met in the diffuse interstellar medium, but not necessarily 
in the interiors of dense molecular clouds. 

In the above model, grains shielded from photodesorption in 
the dense interiors of dark clouds would be less susceptible to 
alignment than unshielded grains. Indeed, it has been observed 
in both the p Ophiuchus dark cloud”* and in R CrA (ref. 22) that 
the polarization efficiency of grains (as measured by p/ A, where 
p is the linear polarization of an obscured object and A, is its 
visual extinction) decreases dramatically with the mean size of 
grains in a particular region (as measured by À max and the ratio of 
total to selective extinction, R). This may be due to the anti- 
correlation between grain alignment and rate of growth in the 
Purcell model. Such results are also consistent with DG align- 
ment, which is most effective with small particles. 

The major difficulty with our model is the efficient grain 
alignment in regions of dense clouds having large Anax, such as 
the Orion Molecular Cloud (OMC-1) (ref. 27) and M17 (ref. 
28). I suggest that the solution to this apparent dilemma is to 
dissociate large À max from a high growth rate. The rate at which 
the radii of grains can grow due to atomic accretion, in the 
absence of photodesorption, is given by equation (2). It then 
follows that the time scale for the adsorption of a molecule or 
atom by a grain is 5x 10°% a/T2’?n, yr (refs 22 and 29), for a in 
cm, T in K, and n, in cm™°. The shortness of this time scale 
(of the order of 10° yr for a typical dark cloud) implies two 
things: 

(1) In the regions of dark clouds adequately shielded from 
UV radiation, grain growth due to molecular accretion will 
rapidly saturate. The saturation of R in the p Oph cloud with 
A, = 3.5 has been shown to be consistent with all heavy elements 
having been accreted onto grain mantles*°*. The correlation 
between the column density of '*CO versus A, in the dark cloud 
L134 up to A,~3-5 can be interpreted as being caused by 
all C and O being deposited on grain mantles when A,= 
(refs 30, 33). 

(2) Grain growth in dense clouds, as indicated by the increase 
iN Amax With extinction is probably caused by coagulation of 
individual grains and not by accretion of atoms and molecules 
onto grain surfaces™*. Accretion can only increase the mean 
grain size by a factor of ~2, corresponding to the exhaustion of 
all condensable species in the gas*”. 

In these conditions, I suggest that the time scale for grain- 
grain coagulation from systematic collisions between grains, 
when acted on by an external force such as gravity or radiation 
pressure”??? is, the limit to spin-up (due to resurfacing) through 
the Purcell pinwheel alignment mechanism. This is given by 


tog = 8X10" a/ng Va (yr) (5) 


Va is the drift velocity of grains with respect to the gas and ng is 
the number density of dust grains. Vy, a and ng are in cgs units. 
For the inner regions of OMC-1 we estimate t, (using the 
formulae in refs 22, 29) at ~10° yr. This limit is weak enough to 
place no constraint whatsoever on Purcell alignment. For 
Purcell alignment to be effective the alignment time, t., must be 
significantly smaller than the time scale for resurfacing, ta in this 
case, or 


(=) =4x jgn iani Va 1 (6) 
la B 


with p the grain density. For our typical H1 cloud with p= 
l gem”, ng=7.6x107'' cm”, and B=2.5x10°G we have 
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t/t =4x107" Va which is much less than unity for any 
reasonable choice of V4. 


Grain alignment in star formation regions 


Until recently there has been no empirical evidence for pinwheel 
alignment. Johnson et al.” have demonstrated the quantitative 
inadequacies of DG alignment in the OMC-1 quite independent 
of grain composition. The high density of the nebula means that 
the temperatures of the dust and molecular gas are expected to 
be tightly coupled. This has been seen in HCO maps** and 
91-um photometry’ of the nebula (indicating the temperature 
of the gas and dust, respectively). DG alignment is driven by 
differences in the dust and gas temperatures and therefore 
cannot operate in a region where Ta = T, (ref. 38). Johnson et al. 
hypothesize that grain alignment in OMC-1 is due to pinwheel- 
ing, the only viable alternative to DG alignment. The atomic 
hydrogen abundance necessary to excite hydrogen recom- 
bination pinwheeling would be provided by atomic hydrogen 
left in the wake of a shock propagating through the nebula. 
Evidence for a shock in OMC-1 has been found” from a broad 
velocity feature (Av =49 kms™') in CO and detection of H, 
vibrational emission. Alignment would occur in OMC-1 with a 
relatively weak (milligauss) magnetic field. 

Dyck and Capps*’ have measured the IR linear polarization 
of 15 compact sources associated with H H regions and molecu- 
lar clouds. They find a clear correlation such that strong inter- 
stellar polarization is associated with the youngest prestellar 
objects. Dyck and Capps hypothesize that as these objects 
evolve, the conditions for producing polarization can no longer 
be maintained. This is the situation that shock-induced grain 
alignment would predict. Strong shocks in molecular clouds, due 
to stellar winds accompanying star formation, would produce 
grain alignment (and thus linear polarization) in the same way 
that Johnson et al.” suggest for OMC-1. As prestellar objects 
evolve onto the main sequence and produce H 1 regions, shocks 
in the surrounding molecular cloud will dissipate resulting in the 
decay of linear polarization of sources embedded in the cloud as 
all of the atomic hydrogen is consumed. Another possibility is 
that as a number of luminous pre-main-sequence stars ‘turn-on’ 
in the dust cloud, resurfacing of grains by photodesorption 
begins, thus inhibiting grain alignment. 


Conclusions 


Both the Purcell alignment mechanism and DG alignment can 
quantitatively explain interstellar polarization. However, both 
theories have apparent drawbacks. DG alignment requires 
invoking ferromagnetic or superparamagnetic grains, thus 
placing rather stringent requirements on grain composition. DG 
alignment also seems to fail to explain grain alignment in 
OMC-1. Although the Purcell theory seems to be equally viable 
for almost any grain composition, it does require rather small 
grain resurfacing rates. 

In any case, it seems that the typical interstellar grain is 
suprathermally rotating, and any grain alignment theory must 
deal with this. The Purcell mechanism would predict that grain 
alignment is most effective where: (1) grain growth has been 
inhibited either due to UV photodesorption or depletion of 
accretable material; and (2) there is a significant atomic 
hydrogen abundance or an adequate ambient radiation field. 

These two conditions seem to be met not only in the unshiel- 
ded regions exterior to dark clouds but also in regions where 
pre-main-sequence stars are undergoing a burst of luminosity. 
Significant progress can be made in this field by checking the 
predictions above against a detailed set of measurements of the 
polarization of sources found in or behind a number of clouds 
exhibiting a wide variety of conditions. 
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In situ lithostratigraphy and the distribution of fracture and void zones in oceanic layer 2A were examined with an 
ultrasonic borehole televiewer at IPOD sites 501 and 504B on the south flank of the Costa Rica Rift. These records indicate 
a decrease in the size of basalt pillows with depth and a corresponding increase in fracture and void density. The observed 
increase in P-wave velocity with depth in this hole, as layer 2A merges into 2B, is best explained by an increase in the degree 
to which clays and zeolites fill fractures and voids. This also explains the order-of-magnitude drop in permeability observed 
in hole 504B. An increase in alteration-filling with age could explain the transition from convective to conductive heat fow 


and the correlative disappearance of layer 2A on the flanks of oceanic spreading centres. 


HEAT flow measurements on the flanks of mid-ocean ridges 
show a transition from primarily convective heat flow near ridge 
axes to predominantly conductive heat flow in old ocean basins’. 
Coinciding with the change in heat transfer mechanism, oceanic 
crustal layer 2A essentially ‘disappears’ with age on the flanks of 
mid-ocean ridges (Fig. 1: ref. 2). Layer 2A is defined as a seismic 
transition zone in which a section with anomalously low P-wave 
velocity (Vp ~ 2-3 kms’) overlies high-velocity layer 2 basalts 
(Vp25kms°"'). This transition occurs within the interlayered 
pillow, flow and rubble zones of the upper 1 km of oceanic crust. 
To investigate the interrelationship between these thermal and 
acoustic phenomena and other physical properties of the 
oceanic crust, we participated in an integrated suite of in situ 
downhole experiments at IPOD sites 501-504B on the south 
flank of the Costa Rica Rift of the Galapagos Spreading Centre 
(Fig. 2). The experiments included in situ permeability and 
pore-pressure measurements*, sonic velocity logging* and 
formation fluid sampling’. Here we describe ultrasonic borehole 
televiewer imagery that was conducted to examine in detail the 
lithostratigraphy and fracture and void variation with depth, and 
compare these data with the change in P-wave velocity with 
depth. 

A primary difficulty with interpreting lithostratigraphy of 
the oceanic crust from core samples recovered by the DV 
Giomar Challenger has been the low percentage of core re- 


covery, Drilling operations crush and wash away an average of 
70% of all oceanic crust drilled through. The only measure- 
ments capable of recording information over the entire wellbore 
are geophysical logs, but it has been extremely difficult to 
interpret these logs in detail because of a lack of comparable 
examples on land for cross-correlations (see ref. 6). 

A borehole televiewer (BHTV) was used to provide the type 
of continuous data needed to interpret more fully the structure 
and stratigraphy of the ocean crust. The BHTV is a seldom-used 
oil-field logging tool developed by the Mobil Oil Corporation 
for the study of fractures in wellbores and casing (see ref. 7}. The 
downhole tool contains an ultrasonic transducer which rotates 
three times per second and emits a 1 mHz pulse 180 times per 
second as the tool is moving vertically in the hole at a speed of 
1.5 m min`’. By displaying the amplitude of the acoustic pulse 
that :s reflected off the borehole wall as brightness on a three- 
axis oscilloscope, the BHTV produces an image of the 
reflectivity and smoothness of the wellbore referenced to 
magnetic north. Hard, smooth surfaces produce strong 
reflections (or ‘bright zones’ on photographs of the data dis- 
played on the oscilloscope) whereas fractures and voids greatly 
diminish the reflected signal and produce ‘dark zones’ on the 
records. Similarly, where the hole reaches great width, or very 
soft clays are encountered, no appreciable reflection is re- 
turned, and dark zones again appear. The result is a complete 
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MID-ATLANTIC RIDGE 


Fig.1. Heat flow and thickness of 
seismic layer 2A as they vary with 
age in the Atlantic and eastern 
Pacific oceans“. In the upper 
plots, O represents mean observed 
heat flow for corresponding age; 
theoretical curve is prediction of 
lithospheric cooling model; hatch- 
ing is heat believed to be carried 
away by convection through the 
sea floor. In the lower plots are 
layer 2A thickness, O represents 
observations from sonobuoy data; 
hatching is thickness of layer 2A 
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north-east-south-west-north ‘picture’ of the reflectivity of the 
wellbore. 


The setting 


We deployed a borehole televiewer at sites 501 and 504B on 
IPOD Legs 68A and 69 in 6-Myr-old crust on the south flank of 
the Costa Rica Rift, the easternmost segment of the Galapagos 
Spreading Centre (Fig. 2). The sites were chosen to penetrate 
into young oceanic crust with high surface heat flow. The two 
sites are only about 1 km apart. Because they lie near the 
Equator where there is rapid productivity of pelagic sediment, a 
280 m sedimentary section has formed a thick impermeable lid 
over a hydrothermal circulation system active in the oceanic 
crust’. Pore pressure measurements? and temperature logs? 
indicate oceanic bottom water being drawn naturally into an 
underpressured aquifer with a permeability of about 200 milli- 
darcies (md) located 50-100 m below the top of layer 2A *, Flow 
tests in hole 504B show that the average permeability of layer 
2A drops from 20-40 md in the upper 100 m to 2-4 md about 
200 m below the sediment-basalt contact’. Sonic logs indicate 
an increase in velocity of layer 2A from 2.5 to >5 km s™ in the 
upper 200 m of the oceanic crust. 

The BHTV tests conducted in these wells have contributed to 
our understanding of why the sedimentary layer forms a hy- 
draulic lid, why the permeability drops by an order of magnitude 
with depth and why the seismic velocity increases with depth. It 
also gave the first complete glimpse of the lithostratigraphy of 
the upper oceanic crust. | 


Structure at site 501 


Using the BHTV we logged the entire sedimentary column and 
25 m below the sediment~basalt contact in hole 501 of DSDP 
Leg 68A (Fig. 3). In much of the sedimentary section the record 
is quite dark (that is, there is no significant reflection from much 
of the circumferential sweep of the trace). This is due to 
pronounced ‘washing out’ and ellipticity of the hole; the prob- 
lem is most severe at ~3,710 m depth (Fig. 3). 

The youngest chert yet encountered by the Glomar Chal- 
lenger’ was found over the lower 30 m of the sediment column 
of hole 501. The BHTV records show that the first chert 
encountered is a solid layer ~Sm_ thick. Drilling results 
indicated that within this layer there are interlayered lenses of 
chert and silicified limestone. The chert, being harder and more 


resistant to ‘washing out’, shows up as bright, high-reflectance 
bands between the darker limestone layers. Although we do not 
know the horizontal extent of these chert layers, all holes drilled 
at the 501-504B sites encountered chert over the lower 30 m of 
the sedimentary section. 
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Fig. 2 Index map showing location of DSDP site 504B. 501 is 
1 km to the west of 504B. The Costa Rica Rift is the easternmost 
segment of the Galapagos Spreading Centre. 
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Pillow basalts recorded by the BHTV appear as bright spots 
within dark ellipses. These dark ellipses probably represent the 
pillow’s glass and alteration rims that are fractured and washed- 
out during drilling (Fig. 3). The pillow units as seen in the 
wellbore also seem to contain large voids where virtually no 
signal is reflected back to the transducer (for example, at 
3,735 m in Fig. 3). Several massive flow units are seen at the top 
of the oceanic crust interlayered with the pillow basalt units. 
Because of the poor core recovery, the interrelationship 
between these stratigraphical units was not previously known. 
Note the 8 m thick massive flow unit that extends from 3,747 to 
3,755 m. 


Structure at site 504B 


At site 504B on Leg 69, a BHTV was used to log 196 m below 
the casing which was set 2 m into basalt. Unfortunately, the 
factory-equipped transducer was destroyed on the first lowering 
of the tool by a pressure-compensation failure. The hole was 
then logged using a 600 kHz transducer array taken from an 
acoustic reentry tool as a replacement televiewer transducer. 
Sixty-cycle noise (apparently caused by a faulty logging cable) 
further obscured the BHTV image. Because the noise has 
proved difficult to remove from the data, we present only line 
drawings (Fig. 4) rather than the original records. Nevertheless, 
distinct pillow and flow units were discernible and contacts 
between distinct eruptive events were often seen (for example, 
3,855 m, Fig. 4). Fracture resolution is several millimetres and 
several fractures this small were seen (for example, 3,860 m, Fig. 
4). 

The interpretative line drawing of the BHTV records allows 
us to reconstruct the lithostratigraphy of hole 504B (Fig. 4). We 
observe that thick flow units dominate the upper 50 m of layer 
2A. These flows have numerous fractures which are pre- 
dominantly horizontal to subhorizontal. Thin interlayers (~1 m 
thick) of large diameter pillow units are seen at 3,757, 3,765, 
3,773-3,778 and 3,782 m. The 8 m thick massive flow unit of 
hole 501 (at 3,747-3,755 m of Fig. 3) may be correlative with a 
thick flow encountered at 504B at depths of 3,753-3,758 where 
it is more broken-up. Another thick massive flow is in 504B seen 
at 3,785-3,795 m depth. 

The percentage of pillow units gradually increases down- 
section and the average size of the pillows decreases from 20 to 
30cm near the basalt-sediment contact to only a few centi- 
metres (Fig. 4). For example, from 3,838 to 3,851 m a suite of 
pillow units has a range in sizes up to ~30 cm whereas the pillow 
units from 3,890 to 3,897 are all <10 cm in size. In addition, the 
massive flow units become thinner down-section. The entire 
lower 55 m of the recorded section appears as discrete pillow 
units <1 m in thickness. Fractures often seem to be concen- 
trated at the borders of separate pillow flows but some zones are 
uniformly fractured. As in hole 501, most of the fractures 
observed in hole 504B are horizontal to subhorizontal. 

From 3,805 to 3,825 m an anomalously low reflectance zone 
exists. While some structure can be seen within this zone, the 
amplitude of reflectance is much lower than zones directly above 
and below it. The general level of reflectance also drops from 
flows to pillows and towards the bottom of the hole. The lowered 
reflectance may be due to the increased occurrence of clay and 
zeolite which was clearly observed in the cores’. 


Increase in seismic velocity with depth 


A primary aim of this project is to interpret the BHTV records in 
terms of the change in the physical properties of the ocean crust. 
Specifically, we wish to relate variations observed in the sonic 
velocity log over the BHTV-logged section of 504B to the 
stratigraphic variations seen with the BHTV. Although the 
velocity log from hole 504B is extremely noisy, a marked 
increase in average P-wave velocity with depth can still be 
clearly seen (Fig. 5a, after ref. 4). The average basement velocity 
just below the casing begins at ~2.5 km‘ and increases over the 
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next 200 m to ~5 kms ‘ (values typical of layer 2A). Although 
most of the large-amplitude high-frequency velocity variations 
in Fig. 5a are spurious and due to the effect that changes in the 
shape of the hole have on the seismic waveforms being trans- 
mitted by the velocity tool, the high-velocity interval from 3,785 
to 3,795 m correlates with a massive flow unit which contains 
few fractures or voids at that depth. 


Fracture and void counts 


The BHTV record of hole 504B allows us to test various 
hypotheses for the increase in seismic velocity with depth within 
layer 2A because we can correlate the observed change in 
character and structure of fracture and void zones down the hole 
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Fig. 3 Borehole televiewer imagery of the wellbore at site 501. 

Horizontal exaggeration is 1.5:1. The horizontal axis is north-east- 

south-west-north dissection of the hole. White is strong 

reflectance, black is weak reflectance. Note that the sedimentary 
section from 3,718 to 3,731 m is omitted. 
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Fig.4 Line drawing of borehole televiewer imagery of site 504B drillhole. Horizontal exaggeration is 1.5:1. Black-rimmed elliptical images are 
pillow lavas. Solid white segments are massive flow basalts. Thin lines are cracks and fractures. Hatched areas are of anomalously low reflectance. 
Depths in metres below sea level. Casing ends at 3,753 m. 


with changes in seismic velocity. To this end, we counted the 
number of fractures observed on the BHTV records from hole 
504B (Fig. 5b). As can be seen in both Figs 4 and 5b, the fracture 
density actually increases with depth in hole 504B. As labora- 
tory studies show, this would be expected to decrease the 
velocity if the degree of fracturing alone were controlling Vp in 
layer 2A. Instead, a marked velocity increase with depth is 
observed in hole 504B that is typical of layer 2A (Fig. 5a). 


As voids between pillows might be expected to have a similar 
effect on velocity as fractures, a plot of the percentage of voids in 
the wellbore (percentage of black versus white in Fig. 4) is 
presented in Fig. Sc. In the pillow units, this ‘void ratio’ (Fig. 5c) 
measured the per cent of pillow rims, glassy rind and rubble 
surrounding the solid basaltic core of each pillow. We observe an 
increase of voids with depth in the hole because of the decrease 
in the diameter of the individual pillows with depth. Presumably, 
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Fig.5 a, Sonic velocity logs of site 
504B upper 200 m of basalt cor- 
responding to interval of BHTV 
log in Fig. 4. Spurious data points 
with Vp<1.5 and >8 kms! were 
excluded from digitization of ori- 
ginal analog record. Note that 
despite the noisy character of the 
log a clear increase in Vp with 


3,800 


depth can be observed in hole. b, E 

Histogram of the number of frac- 3 

tures per 50cm of hole. c, Void - a 

percentage based on an estimation 

of the per cent black versus white in 3,900 = 
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a lower seismic velocity might be expected to correlate with the 
higher void count, but again, an inverse correlation is seen in 
hole 504B. 


Discussion 


To explain the variation of velocity in the upper oceanic crust 
three basic questions must be answered. Why is the velocity of 
the upper portion of layer 2A so low? Why does the velocity 
increase so rapidly with depth within layer 2A? And why does 
layer 2A disappear with age at about the time of the transition in 
the mode of heat transfer along ridge flanks? It has been 
argued’°-’? that the low seismic velocity of the upper portion of 
layer 2A results from the highly fractured and porous nature of 
the shallow oceanic crust. This explanation seems quite reason- 
able from the nature of the basalt encountered in holes 501 and 
504B. However, what causes the velocity to increase so rapidly 
with depth? Velocity is expected to increase with depth due to 
the closure of fractures with pressure, but the increase in 
effective pressure over only a few hundred metres depth is quite 
small (only about 15-20 bar per 100m), and mechanically 
closing enough fractures and voids to account for the velocity 
increase over the depth range of interest is highly unlikely’. 
. Spudich and Orcutt** suggested that the increase in velocity is 
caused by a decrease in porosity with depth. But why should a 
decrease in porosity occur in a regular manner on the flanks of 
many ridges, and how could this account for the disappearance 
of layer 2A with age? 

Schreiber and Fox’” have proposed a model that seems to 
explain the seemingly inconsistent seismic velocity and borehole 
televiewer data in holes 501 and 504B, as well as several of the 
questions posed above. They suggested that as voids and frac- 
tures are filled by alteration minerals like chlorite, zeolite and 
smectite (with characteristic seismic velocities of ~4 km s~*) the 
alteration minerals replace seawater (with a seismic velocity of 


Received 11 September; accepted 2 December 1981. 


. Anderson, R. N., Langseth, M. G. & Sclater, J. G. J. geophys. Res. 92, 3391-3409 (1977). 
Houtz, R. E. & Ewing, J. J. geophys. Res. 81, 4060 (1976). 

Anderson, R. N. & Zoback, M. D. J. geophys. Res. (in the press). 

Cann J. Init. Rep. DSDP Legs 69-70 (in the press). 

. Mottl, M. Init. Rep. DSDP Legs 69-70 (in the press). 

. Kirkpatrick, J. R. J. geophys. Res. 84, 178-188 (1979). 

Zemanek, J. et al. Geophysics 35, 254-269 (1970). 


NAVA WD 





Void count (%) 
0 20 40 60 80 100 


Fracture count 


0 5 10 15 20 25 
3,720 3,720 


3,800 3,800 }——_—. 


3,200 3,900 


4,000 4,000 


~1.5 km s~’). Thus, the seismic velocity of layer 2A would be 
expected to rise rapidly as the degree of alteration increased. 
Increased alteration in layer 2A would be expected with both 
depth (due to increased temperature) and age. Geophysical 
logging data® also suggests that an increase in alteration-filling* 
occurs with age on ridge flanks. The alteration-filling hypothesis 
seems capable of explaining the rapid increase of layer 2A 
velocity with depth despite an apparent increase in fractures and 
voids and the eventual disappearance of layer 2A with age. The 
increased occurrence of clays and zeolites with depth was well 
noted in the core descriptions of holes 501 and 504B ° and the 
rapid decrease in permeability with depth in hole 504B ° also 
indicates the filling of fractures and voids with alteration 
minerals. We do not now understand the cause of the decrease in 
the size of the pillows encountered in 504B and the related 
increase in the number of voids. This may be a localized 
phenomena which is of no general significance. However, the 
observation of a marked increase in velocity despite an apparent 
increase in fractures and voids demonstrates that the replace- 
ment of seawater by alteration minerals is more important in 
controlling the increase in velocity than the change in fracture or 
void density. If this is correct, it suggests that on the flanks of 
oceanic spreading centres a marked decrease in the permeability 
of the ‘crustal plumbing system’ can be expected to correspond 
to the change in seismic velocity. This would explain the cor- 
relation between the transition from conductive to convective 
heat flow and the disappearance of layer 2A with age. _ 
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Early region IA of human adenoviruses encodes a function required for normal induction of early viral genes and 
virus-induced cell transformation. The region is expressed at early times as two overlapping spliced mRNAs, 12S and 13S, 
which encode closely related proteins. To distinguish between the functions of these proteins, a single T > G transversion was 
constructed which prevents splicing of the 12S mRNA. This transversion, in the second base of the 12S mRNA intron, does 
not alter the protein encoded by the 138 mRNA due to degeneracy in the genetic code. Studies with this mutant demonstrated 
that only the 13S mRNA encodes the regulatory protein required for normal early gene expression. 


[neater ae apt 


MANY eukaryotic genes are interrupted by introns removed 
from mRNA precursors by RNA splicing. Sequences encom- 
passing splice sites share considerable homology and variants of 
the following sequence are found at the 5’ end of every intron 
analysed: 5'-(exon)-AG/GUAAGUA-(intron)-3’ (refs 1~3). 
Although specific 5’ splice sites differ from this consensus 
sequence to a greater or lesser degree, the underlined GU 
dinucleotide which begins the intron is virtually invariant. To 
determine whether the integrity of this dinucleotide is required 
for efficient RNA splicing, we constructed an adenovirus mutant 
with a T >G transversion in the second base of the intron in an 
early region IA (EIA) gene. We believed that this transversion 
would eliminate RNA splicing, allowing us to ascribe specific 
functions to the two overlapping early adenovirus mRNAs 
transcribed from this region’. Animal viruses frequently encode 
overlapping spliced mRNAs in a common region of the viral 
genome. Such compact gene organization enables the small viral 
genomes to encode several related proteins in the same region 
by splicing a single mRNA precursor in two or more alternative 
ways. 

EIA of adenovirus 2 (Ad2) has attracted considerable interest 
because it encodes a function required for both normal expres- 
sion of the other early viral genes™ć and virus-induced cell 
transformation’*. The two overlapping early mRNAs tran- 
scribed from this region, 12S and 13S, share identical 5’ and 3’ 
termini and vary by 138 nucleotides due to the differing sizes of 
the introns removed by RNA splicing (refs 9, 10; Fig. 1). 
Assuming translation is initiated at the first AUG, the 12S and 
13S messages encode proteins of 243 and 289 amino acids 
respectively. The 128 and 13S mRNAs are spliced such that they 
continue in the same reading frame’; therefore, the larger 
protein has the same amino acid sequence as the smaller protein 
except for an additional internal 46 amino acids encoded by the 
138 nucleotides unique to the 13S mRNA. One EIA mutant, 
Ad5 hri (ref. 11), has a single base deletion in the portion of 
viral genome encoding the unique region of the 13S mRNA”. 
This mutation leads to premature chain termination during 
translation of the 13S mRNA, but does not affect translation of 
the 128 mRNA’. Ad5 hr1 is deficient in both early viral gene 
expression’ and inducing cell transformation’, demonstrating 
that the 289 amino acid protein at least is required for these 
processes. 

The question of the role of the 243 amino acid protein in 
regulating early viral gene expression or virus-induced cell 
transformation has not previously been addressed. It cannot be 
investigated using mutants of the 243 amino acid protein as 
random or directed mutagenesis intended specifically to alter 
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the 243 amino acid protein encoded by the 12S mRNA, without 
affecting the 289 amino acid protein specified by the 13S 
mRNA, would be futile since every amino acid in the smaller 
polypeptide is included in the larger one. To overcome this 
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Fig. 1 Structures of EIA gene products at early times. The EIA 
portion of the Ad2 genome is represented as a line at the centre of 
the figure marked off in base pairs from the left end of the genome. 
The horizontal lines joined by carot symbols represent exons of the 
128 and 13S mRNAs; the total lengths of exons are indicated in 
nucleotides below the lines with the end points identified in the 
Ad2 sequence; arrowheads indicate the 3’ ends of the mRNAs. 
Boxes above the exons demarcate the translated regions. The 
lengths of the polypeptides are given as the number of amino acids 
(aa). The portions of the 289 and 243 amino acid proteins with 
identical sequences are indicated with hatches; the open box refers 
to the 46 amino acids unique to the larger polypeptide. The 
sequence of the L strand of Ad? in the vicinity of the 12S mRNA 5' 
splice site between nucleotides 964 and 983 is shown below the line 
representing the genome. Those nucleotides included in the 5’ 
consensus sequence are highlighted. The vertical line identifies the 
splice junction separating the 5’ 12S exon from the intron and the 
TG transversion at nucleotide 975 is indicated. The Ad? EIA 
sequence is >99% homologous with the corresponding region in 
Ad5 (ref. 36). To align the Ad2 with the Ad5 EIA sequence, add 
one to the Ad2 sequence to account for an additional base pair in 
the Ad5 inverted terminal repeat. 





© 1982 Macmillan Journals Ltd 


A 


Nature Vol. 295 4 February 1982 


381 





Fig. 2 Construction of Ad2/5 
pm975. a, Oligonucleotide- 
directed mutagenesis. The 
bold portion of the circles 
represents the Ad2 7 
component. T refers to 
nucleotide 975 in the Ad2 
sequence and the underlined 
C to the corresponding 
mismatch in the dodeca- 
nucleotide. M13GG1 was 
constructed (by R. Gaynor) 
by transferring the Ad2 A n 
KpnI fragment from pSB2 hybridization 
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(ref. 37) into the KpnI site of Wie 
M13Goril (ref. 38) producing |. Klenow + ag tei 7 
a clone of the Ad2 L strand ligase ? 
extending from nucleotides 3 3.8 Xba | 100 wee © 
269 to 2,049. Oligonucleo- 2. Sı nuclease ł { : =o 
tide-directed mutagenesis : 
was performed as described G T i Pea Re en x 
elsewhere! with M13GG1 as 9 9 

the single-stranded template 
and E. coli K12 JM101 (ref. . 0 3. 
39) as host, except for the transformation At 
following modification. After 1” T 

4h of DNA synthesis, the pm975 

specified amounts’> of DNA 

polymerase I large fragment l Ade /5pm 975 

(Klenow) and T4 DNA ligase were added again and incubation continued for 3 h. Transfection was into CaCl, treated cells’? rather than spheroplasts. We found that 
single-stranded viral DNA had an infectivity of ~10° plaque-forming units (PFU) per pg compared with ~10° PFU per yg for double-stranded DNA in 
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_ CaCl,-treated JM101. The dodecanucleotide primer was synthesized as described in ref. 16 with the following modifications. The support was prepared by coupling 


5'-O-(dimethoxytrityl)-3’-(-4-p-nitrophenyl succinyl)-N-benzoyldeoxycytosine to silica treated with 3'-(triethoxysilyl)propylamine. The activated nucleoside was 
prepared at room temperature and used immediately. Synthesis was carried out in a modified Merrifield apparatus using 150 mg of derivatized support (46 pmol g`’). 
At each condensation 90 pmol of activated nucleoside was used. Fifty mg of the resulting silica covalently attached to the deoxyoligonucleotide was treated for 90 min 
with thiophenol/triethylamine/dioxane (1:1:2). The silica was isolated by centrifugation and washed four times with dioxane, three times with methanol and once 
with diethylether. 400 yl of concentrated ammonium hydroxide were added to the silica. The sealed tube was shaken for 3h at room temperature followed by 
centrifugation. The supernatant was transferred to another tube, sealed and heated to 50°C for 22 h. The sample was dried in vacuo and 250 wl of 80% acetic acid 
were added. After 60 min, the sample was dried in vacuo and applied to a 1.5 cm X 50 cm G50/40 column in 0.01 M triethylammonium bicarbonate. Fractions 
(1.2 ml) were taken and the first three fractions containing UV-absorbing material (~10A 69) were pooled, lyophylized to dryness, dissolved in 150 yl of 80% 
formamide and applied to a 20 cm X20 cm 20% polyacrylamide/7 M urea gel. After electrophoresis the band containing the desired oligodeoxynucleotide was 
excised, eluted and desalted on a Bio-Gel P 2 column (3 cm x 60 cm). The 2.5-ml fractions were monitored by UV absorption. The fractions containing the compound 
were pooled (4.4 A260). The sequence of the oligonucleotides was verified by two-dimensional TLC as described previously‘? using Homomix V. b, Insertion of 
pm975 into the complete adenovirus genome. Bold lines represent adenovirus sequences, light lines M13Gorit DNA and broken lines pBR322 sequences. Small 
numbers refer to Ad2 map units; one map unit is equal to 1% of the Ad2 genome—~350 nucleotides. A derivative of pBES, pEIX’®, which contains Ad2 sequence 
from 0 to 3.6 map units inserted between the Pstl and EcoRI sites of pBR322 (ref. 41), was prepared. The mutation in M1 3GG1 pm975 was introduced into pEIX by 
digesting 0.5 wg pEIX with SaclI, EcoRI and calf intestinal phosphatase; ligating the products of these reactions to 5 pg Sacil, EcoRI-digested double-stranded 
M13GG1 pm975; and using the reaction products to transform E. coli C600 to Tc‘ all as described in ref. 37. Plasmids from transformed colonies were screened by 
size and restriction endonuclease analysis to identify the desired construct, pEK pm975, which includes the entire left terminus of Ad2. The presence in this plasmid of 
the T> G transversion at 975 in the Ad2 sequence was confirmed by DNA sequencing’”""*. 4.5 ug pEK pm975 were digested with XbaI and BamHI (to minimize 
recircularization) and ligated to 1 pg of the large Xbal fragment of Ad5 d1309 isolated as described in ref. 19. Ad5 d1309 is a phenotypically wild-type variant of Ad5 
containing a single Xbal site at 3.8 map units. The ligation creates complete 35 kilobase infectious adenovirus genomes, which include the T > G transversion at base 
pair 975. The ligation products were transfected into 293 cells by the calcium phosphate technique*?. Ad2/5 pm975 was collected from a well isolated plaque and the 


plaque was purified a second time on 293 cells. 


problem we used oligonucleotide mutagenesis to create a T >G 
transversion at position 975 in the Ad2 sequence (Fig. 1). This 
nucleotide, which is the second base in the 12S mRNA intron, is 
also the third base of the GGU codon specifying glycine in the 
overlapping 13S mRNA. Because there is degeneracy in the 
genetic code, the new codon, GGG, created by this mutation 
also specifies glycine, thereby leaving the 289 amino acid protein 
completely unaltered. 

We find that the single base change prevents efficient RNA 
splicing and specifically eliminates the 12S mRNA. Studies with 
this mutant, Ad2/5 pm975 (pm = point mutation), demonstrate 
that the 13S mRNA encodes all the early EIA functions 
required for normal early gene regulation and virus replication 
in human cells. 


Construction of the specific adenovirus 
point mutant 


The T~>G transversion was introduced into a bacteriophag 

M13 clone of EIA by oligonucleotide-directed mutagenesis***. 
Conditions for this site-specific mutagenesis have been opti- 
mized by Gillam et al.’* for isolating a mutant with a single point 
mutation at high efficiency without biological selection. The 
method (Fig. 2a) entails hybridization of a synthetic 
oligonucleotide to a single-stranded circular bacteriophage 
genome. The oligonucleotide is complementary to the phage 
DNA except at a single predetermined nucleotide. The hybri- 


dized oligonucleotide is used as a primer for DNA polymerase, 
and the resulting duplex molecules are ligated to form infectious 
covalently closed circles. In this work, the mutating 
oligonucleotide was a dodecanucleotide (12 mer) synthesized on 
a solid support by a modification of the phosphite coupling 
method of Mattucci and Caruthers’®. The 12 mer is comple- 
mentary to the L strand of EIA encompassing the 12S mRNA 5’ 
splice site except for a mismatch at nucleotide 975 in the Ad2 
sequence. The heteroduplexes were transfected into Escherichia 
coli giving rise to a mixed population of mutant and wild-type 





Table 1 Host range analysis of pm975 





PFU per ml 
Virus 293 HeLa HeLa/293 
Wild-type Ad2 6.63 x 10° 8.71x 10° 1.3 
Ad2/5 pm975 1.38x10° 1.76 x 10” 1.3 
Virus HEK HeLa HEK/HeLa 
Wild-type Ad2 1.17x10!° =: 1.46 x 10°° 0.80 
Ad2/5 pm975 1.96x10° 3:03x10° 0.65 





Stocks of Ad2 and plaque-purified pm975 prepared on 293 cells were 
serially diluted and assayed in duplicate by plaque formation on 293 and 
HeLa cells, and HEK and Hela cells. Titres are based on the average of 
duplicate plates yielding 30-300 plaques. 
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the terminal portion of the 5’ exons of EIB mRNAs. An 

additional but minor band of 750 nucleotides is protected by 

RNA species identical to the 138 mRNA except for a ~140 
nucleotide extension at the 5’ end”. 

S, analysis with RNA prepared from pm975-infected cells 

* 970 reveals bands co-migrating with each of the wild-type Ad2 

bands except for the 476 nucleotide protected fragment cor- 

responding to the 5’ exon of the 128 mRNA (Fig. 4a). To 

"975 enhance the sensitivity for detecting the 12S mRNA, poly(A)* 

RNA isolated from cells during the late stage of infection was 

analysed (Fig. 4b). The level of 12S and 13S mRNA is increased 

"980 approximately twofold during the late phase in cells infected 

with wild-type virus. In addition, a new 9S spliced mRNA 

having the same 3’ exon as the 12S and 13S mRNAs and a still 

shorter 5’ exon becomes the predominant form of EIA 

message’ *°. This gives rise to the increase in the proportion of 
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Fig. 3 Identification of M13GG1 pm975 and Ad2/5 pm975 by dideoxy 


sequencing. a, Following the second cycle of enrichment“, bacteriophage 
were collected from eight plaques and amplified overnight in 25-ml cultures 
of JM101; phage were precipitated with polyethylene glycol", and viral 
DNA was isolated as described previously**. Purified DNAs were screened 


protected DNA in the 405 nucleotide fragment and may account 
for the S, protected fragment of ~250 nucleotides. The level of 
EIB mRNAs is also increased several fold during the late 
phase’. Despite these changes in the pattern of S,-resistant 


for the mutation by reverse transcriptase dideoxy sequencing using dideoxy 
CTP. The primer was a 31-base Hpall fragment extending from nucleotides 
1,009 to 1,040 in the Ad2 sequence. The sequences of four of the eight phage 
DNAs screened are shown in tracks 1, 2, 3 and 4 adjacent to the wild-type C a b 
and A lanes. Sequences shown are of the R strand of Ad2 in the vicinity of 
the 12S mRNA 5’ splice site. The DNA in track 2 contained the desired 
mutation at nucleotide 975. b, Identification of Ad2/5 pm975. Adenovirus 
DNA was prepared as described elsewhere’? from 293 cells infected with 
virus from well isolated plaques picked from a transfected 293 plate (see Fig. 
2 legend). The DNA was digested with exonuclease III creating single- 
stranded termini ~1,500 nucleotides long**. Sequence analysis was by the 
dideoxy method using the same primer as for a. The 20 nucleotide sequence 
in the vicinity of the 128 mRNA 5' splice site is listed and the positions of 
nucleotides 970, 975 and 980 are indicated. 
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clones. The heterogeneous population of DNA molecules was 
subjected to two cycles of enrichment by performing the oli- 
gonucleotide hybridization in conditions favouring hybridiza- 
tion to the mutant sequence'*. Potential mutant clones were 
screened by DNA sequencing by the dideoxy chain termination 
method using dideoxy CTP’’"'*. Of eight phage plaques thus 
screened, seven were wild type and one (Fig. 3a, lane 2) had the 
desired point mutation at base pair 975 (M13GG1 pm975). The 
mutation was introduced into a phenotypically wild-type 
adenovirus genome, Ad5 d1309, by the method of Stow (ref. 19; 
Fig. 2b). 

Unable to predict whether the mutation at base pair 975 
would eliminate an essential function, we transfected the 





reconstructed mutant genome into 293 cells which are capable C 

of complementing all essential EIA functions®*””, 293 cells are a MEGS SASS * q 

line of Ad5-transformed human embryonic kidney cells EIA EIB 
containing an integrated copy of the left 12% of the Ad5 EEN a eee peta le N 
genome?’ which constitutively express EIA and EIB mRNAs‘ IN E IA EN S UO 
and proteins™. DNA sequence analysis showed that three out of atl t ED SD eee EEE STEER A 
four plaques screened contained the point mutation (Fig. 3b). o 4 8 i2 


The mutant, Ad2/5 pm975, was plaque-purified a second time 
on 293 cells and sequenced again to confirm the desired base 
pair change. 


12S mRNA is eliminated 


EIA mRNAs were assayed by the hybridization/S, nuclease 
technique**. Early cytoplasmic RNAs were isolated 6h post 
infection from HeLa cells infected with Ad2 or Ad2/5 pm975 
and hybridized in DNA excess to a *’P-labelled single-stranded 
M13 clone of the coding strand of EIA and the 5’ 350 nucleo- 
tides of EIB. The hybridization products were digested with S; 
nuclease and the protected fragments were resolved by elec- 
trophoresis on a denaturing polyacrylamide gel and detected by 
autoradiography. 

Figure 4a displays the DNA fragments protected by hybri- 
dization to the wild-type EIA and EIB mRNAs. The 614 
nucleotide fragment corresponds to the 5' exon of the 13S 
mRNA, the 476 base band to the 5’ exon of the 128 mRNA, the 
405 nucleotide fragment to the 3’ exon common to both the 12S 
and 13S mRNAs and the 350 nucleotide protected fragment to 
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Fig. 4 Hybridization/S, nuclease analyses of EIA and EIB mRNAs from 
pm975 and Ad2. a, EIA and EIB early mRNAs. Cytoplasmic RNA was 
collected as described previously from 500-m! suspension cultures of log 
phase HeLa cells 6 h after infection with pm975 or Ad2 at 20 PFU per cell. 
350 ug cytoplasmic RNA was hybridized to 0,028 pg M13-EIA single- 
stranded DNA labelled with **P to a specific activity of 3 x 10° d.p.m. pg! 
(ref. 45) for 30 min at 68 °C in 50 yl 1.0 M NaCl, 10 mM Tris pH 7.4, 1 mM 
EDTA. S, nuclease digestions in 500 ul were as described previously”? 
except that digestions were with 15 Vogt units** per reaction at 37 °C for 
30 min. Protected fragments were denatured, fractionated by electro- 
phoresis on 14-cm 8 M urea~5% polyacrylamide gels for 15 h at 60 V, dried 
and visualized by autoradiography with an intensifying screen. The sizes of 
the predominant bands are indicated in nucleotides. b, Analysis of late 
poly(A)” EIA and EIB cytoplasmic RNAs. Poly(A)*cytoplasmic RNA 
(20 ug) isolated from late infected cells” was analysed as described in a. The 
autoradiogram was exposed for 17 days with an intensifying screen. c, M13 
EIA single-stranded DNA probe (R. B. Gaynor and A.J.B., in preparation). 
The M13 EIA probe is similar to M13GG1 except that the R strand of Ad? is 
cloned into the viral strand of M13Goril. The long solid line represents a 
portion of the adenovirus genome marked off in map units. The horizontal 
lines joined by carot symbols refer to the exons of the major mRNAs 
transcribed from EIA and EIB at early times. Arrowheads indicate the 3’ 
ends of mRNAs. The broken line delineates the adenovirus sequence 
included in the M13 EIA single-stranded probe. 
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Fig.§ Hybridization/S, nuclease analysis of mRNAs from early regions 2, 
3 and 4. Five ug of early poly(A)” cytoplasmic RNA, prepared from HeLa 
cells 6 h post-infection with pm975 or d1309, were hybridized to M13 E2, 
E3 or E4 probes equivalent to 0.2 ug of the complete adenovirus genome. S, 
digestion and gel electrophoresis were as described for Fig. 4a. a, Early 
region 2 mRNA. S,-protected fragments were electrophoresed for 18 h at 
120 V. The position of the 1,631 nucleotide Hinfl pBR322 marker is 
indicated. 6, Early region 3 and 4 mRNAs. The protected fragments were 
fractionated by electrophoresis for 18 h at 50 V. Although the patterns of 
protected fragments are identical for d1309 and pm975, the structures of the 
E3 mRNAs differ from wild-type Ad5 due to a substitution and deletion in 
the E3 DNA sequence of d1309 (ref. 8). The positions of Hinfl pBR322 
fragments are included to the right. c, M13 E2, E3 and E4 single-stranded 
probes (R. B. Gaynor and A.J.B., in preparation). The M13 E2 probe was 
constructed by inserting a Kpnl—Xhol fragment of Ad2 DNA (61.3-66.0 
map units) between the KpnI and Xhol sites of M13Gori1. The E3 probe was 
prepared by cloning an EcoRI—Kpnl fragment of AdS DNA (75.9-81.0 map 
units) between the EcoRI and KpnI sites of M13Gori1. To construct the E4 
probe an EcoRI-Ball fragment of Ad2 DNA (89.7-93.2 map units) was 
cloned between the EcoRI and Pvull sites of M13Goril, The Ad5 genome 
and major E2, E3, and E4 early mRNAs are diagrammed as in Fig. 4c. 
Abundant mRNAs are represented by the bold lines with minor mRNA 
species indicated by light lines. Broken lines identify the adenovirus 
sequence included in each of the probes. 


fragments at late times, no evidence of the 476 nucleotide S, 
protected fragment is observed in the experiment with pm975 
(Fig. 46). Thus, within the sensitivity of the S, analysis, the 12S 
mRNA is eliminated. Based on quantitative densitometry of 
these autoradiograms, we estimate that it would be possible to 
detect the 12S mRNA in pm975-infected cells if it were above 
2% the level observed in infected wild-type cells. 

These results (Fig. 4) prove that substitution of a G for U in 
the second base of the EIA 12S mRNA intron inhibits RNA 
splicing at least 50-fold. As the 13S ELA mRNA is produced in 
pm975-infected cells, the apparent elimination of the 12S 
mRNA must have been due to interference with RNA splicing. 
Interference with any other step in RNA processing would have 
eliminated the 13S mRNA as well, because it is processed from 
the same mRNA precursor. 
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13S mRNA encodes all pre-early functions 
required for normal growth on HeLa cells 


Characterization of the functions encoded in EIA and EIB has 
been facilitated by adenovirus host range mutants selected for 
their diminished capacity to grow on HeLa cells relative to 293 
cells''. These mutants fall into two complementation groups (I 
and II) which map to EIA and EIB respectively”. Host range 
mutants were used to show that EIA encodes a regulatory 
element’ and that functions encoded in EIA and EIB are 
required for viral transformation on primary rodent cells’*. One 
of the motivations for creating pm975 was to define whether one 
or both of the overlapping ELA mRNAs encode the functions 
required for virus replication in HeLa cells. 

Plaque assays of pm975 and a wild-type control on HeLa and 
293 cells (Table 1) establish that pm975 is not host range, and 
therefore the 12S mRNA is not required for plaque formation 
on HeLa cells. These data, together with studies of Ad5 hrl 
discussed previously, show that only the 289 amino acid, and not 
the 243 amino acid, polypeptide is required for efficient repli- 
cation of adenovirus 2 or 5 in HeLa cells. 

Because HeLa cells are a continuous cell line, it was con- 
sidered possible that a requirement for the 243 amino acid 
protein was masked by the transformed phenotype of these cells. 
Therefore, plaque assays were repeated with pm975 on HEK 
cells, a secondary cell culture of human origin, and compared 
with titres on HeLa cells. The results (Table 1) show that the 12S 
mRNA is not required for virus replication on HEK cells either. 


13S mRNA encodes all pre-early 
viral regulatory proteins 


The pattern and levels of mRNA induced by pm975 and a 
phenotypically wild-type control (either d1309 or Ad2) were 
compared using the hybridization/S, nuclease technique. The 
hybridizations were performed between M13Goril single- 
stranded DNAs containing portions of the coding strand of each 
of the early transcription units and early cytoplasmic RNAs 
extracted from infected HeLa cells. Analysis of the fragment 
bands protected from S, digestion reveals no quantitative or 
qualitative differences between the early mRNAs induced by 
pm975 and Ad2 or Ad5 d1309 (see Fig. 4a for EIB, Fig. 5 for 
E2, E3 and E4). These results prove that the EIA regulatory 
elements that modulate early transcription are not encoded by 
the 12S mRNA and therefore must be specified by the 13S 
mRNA only. 


Conclusions 


A single U > G transversion introduced into the ubiquitous G-U 
at the 5' splice site succeeded in eliminating the 12S mRNA in 
EIA, leaving the overlapping 13S mRNA intact. This demon- 
strates that a single nucleotide alteration in the 5’ consensus 
sequence is sufficient to interfere with the RNA splicing 
apparatus. 

The fastidious nature of the splicing apparatus for an 
unaltered 5’ consensus sequence has also been demonstrated in 
studies with a nitrous acid-derived Ad5 mutant, Ad5 hr440, 
which similarly fails to express the 12S EIA mRNA”. This 
mutant has two alterations in the 5’ consensus sequence, at 
positions five and six of the 12S intron (nucleotides 978 and 979 
in the Ad2 sequence). One of these base pair changes creates a 
termination codon in the 13S mRNA, disrupting translation of 
the EIA 289 amino acid protein. Therefore, Ad5 hr440 is not 
useful in discriminating between the functions encoded in the 
two overlapping early EIA mRNAs. 

Analysis of naturally occurring mutations in the -globin 
gene from patients with B-thalassaemia has provided evidence 
that the integrity of the consensus sequence is also required for 
efficient splicing of cellular mRNAs. Restriction endonuclease” 
and sequence’ analyses of these mutant -globin genes have 
revealed nucleotide alterations only within the 5’ consensus 
sequence of some of these genes. It is probable that these 
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§-thalassaemias are associated with disruption of RNA splicing, 
although this has not been confirmed experimentally. | 

Models have been advanced suggesting mechanisms for splic- 
ing based on hybridizations between small nuclear RNAs and 
the consensus sequences at the 5’ and 3’ splice sites of mRNA 
precursors'~**', These proposals are supported by recent evi- 
dence that a small nuclear ribonucleoprotein particle is required 
for splicing of adenovirus early RNAs”. They suggest that 
failure to splice the pm975 12S mRNA may result from 
instability of a precursor—small nuclear RNA hybrid. Alter- 
natively, the enzyme(s) involved in the cutting and ligating steps 
of RNA splicing’? may have a high degree of specificity for a U in 
the second position of the intron. 

We selected the specific point mutation on the basis of its 
likelihood to disrupt the 12S mRNA splicing event while leaving 
the 289 amino acid protein encoded by the 138 mRNA 
unaltered because of degeneracy in the genetic code. This 
represents an effective approach with general applicability for 
ascribing specific functions to individual messages in a series of 
overlapping spliced RNAs. 

Despite the absence of the 12S mRNA, the phenotype of 
Ad2/5 pm975 on HeLa and HEK cells is indistinguishable from 
wild-type Ad2 or Ad5, indicating that the only early region 1A 
function necessary for virus replication in human cells is 
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encoded in the 138 mRNA. Additionally, these results establish 
that the ETA regulatory element necessary for modulation of the 
early adenovirus transcription units is a protein encoded solely 
by the EIA 138 mRNA. Thus a single mRNA encoding a 
positive regulatory protein in eukaryotes has been identified. 

Despite the apparent dispensability of the 12S mRNA, it 
probably encodes a function which has been selected over along 
evolutionary period. Analysis of EIA mRNAs from serotypic- 
ally unrelated adenoviruses (Ad 7 and Ad 12) reveals spliced 
structures similar to the 12S and 13S mRNAs of Ad2**’. The 
ubiquity of these mRNAs among various subgroups of adeno- 
virus demonstrates that these structures survived significant 
evolutionary divergence, which implies that the 12S mRNAs 
encode a biologically important function in situ. 

Continued analyses of pm975, including its transforming 
capacity on primary rodent cells, are underway. The results will 
reveal whether the same viral protein which modulates early 
gene expression also induces cellular transformation, 
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The genomes of the extremely halophilic bacteria, Halobacterium halobium and Halobacterium volcanii, contain many 
repeated sequences. These sequences comprise many families, seem to be highly mobile and are arranged in both clustered 
and dispersed fashions within these genomes. At least some repeated sequences are more strongly conserved between the two 


species than are unique sequence DNAs. 





THE archaebacteria (halobacteria, methanogens and certain 
thermophiles) are thought to have diverged from eubacteria, 
and from the lineage which gave rise to the nucleus and cyto- 
plasm of eukaryotic cells, at a very early stage in cellular 
evolution’. The metabolism, physiology and molecular 
biology of archaebacteria exhibit some traits which are unique 
and others which may be considered either ‘eubacterial’ or 
‘eukaryotic’ in nature’. Virtually nothing is known about 


archaebacterial genomes except their genetic complexities. That 
of Methanebacterium thermoautotrophicum has a molecular 
weight of ~1.1x10" (ref. 5), that of Thermoplasma 
acidophilum® ~0.8x10° and those of several halobacteria’® 
have molecular weights of 2.5 x 10°. 

The DNA of Halobacterium halobium and related species can 
be separated into components of 66-68 and 57-60 mol % G +C 
(refs 7, 8). Much, but not all, of the latter fraction comprises a 
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Fig. 1 Autoradiogram showing hybri- 
dization of individual *™P-labelled 
recombinant plasmid DNAs from a 
genomic library of H. halobium R-1 to 
total DNA from H. halobium NRC-1 
(tracks a) and H. halobium R-1 (tracks b). 
<4, Position of faint bands of hybridiza- 
tion; O, position of an ~Skbp band 
probed by many of the cloned DNAs. 
Large closed circles in tracks 24 and 24b 
indicate hybridization to plasmid DNA 
fragments. Small closed circles in track X 
indicate the positions of EcoRI fragments 
of strain R-1 plasmid DNA. The genomic 
library was constructed by ligating 
BamHI-EcoRI restriction endonuclease 
(Boehringer) double-digested H. halo- 
bium R-1 DNA to similarly cleaved 
pBR322 using T4 DNA ligase'* (Boeh- 
ringer). E. coli JF1754 (obtained from J. 
Friesen) was transformed'® with the liga- 
tion mixture and plasmid DNA isolated'’ 
from 35 Amp’ Tet* colonies. The recom- 
binant plasmid DNAs were labelled with 
[a-*P}dCTP (NEN) by nick-trans- 
lation’'. H. halobium R-1 and NRC-1 
DNA was prepared as described else- 
where", cleaved with EcoRI and sub- 
jected to electrophoresis in a 1.2% 
agarose gel (Sigma). DNA was transferred 
to a sheet of nitrocellulose filter paper”? 
(Millipore) and 0.5 cm strips cut from the 
sheet. Each probe was hybridized to one 
‘blot’ of each of NRC-1 and R-1 DNA and 
washed in stringent conditions”, Mole- 
cular weight markers were Ac1857 Sam7 
DNA digested with HindIII and plasmid 
pBR322 DNA digested with Alul. 


150 kilobase pair (kbp) plasmid, four to five copies of which are 
present in H. halobium (ref. 9 and F. Pfeifer, personal com- 
munication). Changes in plasmid DNA restriction endonuclease 
digestion patterns, which can be interpreted as resulting from 
complex and multiple insertion and deletion events, are asso- 
ciated with easily detectable phenotypic alterations in gas 
vacuole and pigment production'’. Such alterations occur with 
astonishing frequency, suggesting that the Halobacterium 
genome may contain many transposable elements or regions of 
sequence homology promoting recombination in and between 
chromosomal and plasmid DNAs. 

Renaturation kinetic analyses show no substantial rapidly 
reannealing fraction which might represent the DNAs of a few, 
high copy number, repeat sequence families’*. Data presented 
here, however, do show that (1) the genomes of halobacteria 
harbour many different, and perhaps rather small, families of 
repeated sequences whose members are probably both dis- 
persed and clustered in both plasmid and chromosomal DNAs, 
(2) some repetitive DNAs are more highly conserved in 
sequence between two distantly related halobacterial species 
than are unique sequence DNAs, and (3) genomic rearrange- 
ments affecting the location of repetitive sequences are frequent 
and not necessarily associated with detectable phenotypic 
alterations. 


Repeated sequences in a BamHI-EcoRI 
library of H. halobium R-1 genomic clones 


H. halobium strain R-1 was isolated as a spontaneously occur- 
ring, gas vacuole-deficient variant of the ‘wild-type’ strain 
NRC-1 in 1969 (W. Stoeckenius, personal communication). It 
harbours a plasmid of ~50 kbp. Total R-1 DNA doubly diges- 
ted with BamHI and EcoRI was ligated into similarly digested 
pBR322 and used to transform Escherichia coli JF1754. Thirty- 
five Amp’ Tet* transformants were randomly selected, and their 
recombinant DNAs were labelled by nick-translation’' with 





““P-dCTP and used to probe EcoRI-digested strain NRC-1 or 
strain R-1 DNAs bound to nitrocellulose paper strips'*. Thirty- 
one of the labelled DNAs probed more than one EcoRI frag- 
ment of NRC-1 or R-1 DNA; thus each probe contained at least 
one sequence present more than once in these genomes. Figure 
1 shows results for 25 of these cloned probes (faint bands 
detectable on the original autoradiograph are indicated by <4). 
All but clone 9 probe EcoRI fragments in addition to those 
corresponding to the fragment cloned. Sixty to seventy such 
‘extra fragments’ are probed in strain R-1 DNA (tracks b); 
slightly fewer strain NRC-1 DNA fragments (tracks a) are 
probed, and many of these have mobilities different from the 
probed R-1 fragments. Clones 2 and 24 each probe single and 
different fragments (indicated by large closed circles) with 
similar mobilities to EcoRI fragments of strain R-1 plasmid 
DNA (data not shown, but positions of plasmid bands indicated 
by @ in track X); most of the remaining probed fragments are of 
chromosomal origin. Although no clones seem to show identical 
probing patterns (considering patterns obtained with both 
NRC-1 and R-1), all but clones 4, 21, 22, 23 and possibly 24 
probe, with varying intensities, acommon ~5 kbp chromosomal 
fragment in R-1 DNA (©) which is not probed in NRC-1 DNA. 
For four of these clones probing this fragment (clones 6, 11, 14 
and 18), it is the only fragment probed in addition to that cloned; 
the remaining 15 probing this common 5 kbp fragment probe 
fragments in addition to this and the fragment cloned (except 
clone 9, which may contain only the 5 kbp fragment). Thus the 
5 kbp common fragment must contain copies of many (>10) 
different elements which are present in one or two locations 
elsewhere in the genome. This cluster must either have been 
created in strain R-1, or disrupted in strain NRC-1, since their 
divergence 12 yr ago. 

The 25 clones used for Fig. 1 and the remaining 10 (not 
shown) contain in total 250 kbp of H. halobium DNA, or 6% of 
the genome, and contain a minimum of 31 different elements 
present at least once elsewhere in the genome. If they represent 
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a random sample of total DNA, there must be at least 500 
repeated elements comprising many families in the strain R-1 
genome. Some elements must be clustered on cloned DNA, or 
present in copy numbers >10 in the genome, because clones 21 
and 24 alone probe more than one-third of the ‘extra’ fragments. 
Variations in intensity of hybridization signals (most obvious 
with clones 17, 21 and 24) could mean that the fragment probed 
contains divergent copies of the elements present on the probe, 
or varying numbers of copies of such elements, or that the 
probes themselves contain several different repeated elements. 
The latter interpretation is favoured by data discussed below. 


Repeated sequences in an EcoRI library of 
H. halobium NRC-1 genomic clones 


Strain R-1 is a mutant, and the unknown event which created it 
may have resulted in the dispersal of repeated sequences within 
the genome. We constructed a library of wild-type (NRC-1) 
EcoRI fragments cloned into EcoRI-digested pBR322 and used 
28 of the resulting labelled recombinant DNAs to probe NRC-1 
and R-1 DNAs digested with Eco-RI (Fig. 2). One of these 
(clone 62) probed only a single fragment of NRC-1 and R-1 
DNAs; the rest probed multiple fragments of either NRC-1 or 
R-1 DNA. As the NRC-1 plasmid is large (150 kbp), not easily 
isolated and gives a complex EcoRI digestion pattern, it is 
difficult to say how many probed fragments are of plasmid 
origin. Most of the fragments probed by at least one of these 
clones (clone 37) are, however, not of plasmid origin, as judged 
by comparisons of mobilities of probed EcoRI-, HindIII-, Sall-, 
Sstl- and Sstll-generated fragments to plasmid fragments 
produced by these enzymes (data not shown). All cloned frag- 
ments produced different Southern hybridization patterns with 
DNAs of strains NRC-1 (Fig. 2 tracks a) and R-1 (Fig. 2 tracks 
b), and all (except for clones 37 and 53, which may be identical) 
produced different, probe-specific patterns with each of these 
DNAs. However several fragments are jointly probed, in 
different combinations, by different cloned fragments, and can 
be used to identify at least four shared ‘subpatterns’ (indicated 
by open and closed circles and squares in Fig. 2) which are 
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Fig. 2 Autoradiogram showing hybri- 
dization of individual **P-labelled 
recombinant plasmid DNAs from a 
genomic library of H. halobium NRC-1 to 
EcoRI-digested total DNA from H. halo- 
bium NRC-1 (tracks a) and H. halo- 
bium R-1 (tracks 6). The library was con- 
structed by ligating EcoRI-digested NRC- 
| DNA into EcoRI-digested pBR322. All 
experimental procedures were as 
described in Fig. 1 legend except that both 
[a-**P]dCTP and [a-**P]dATP were 
included in the nick-translation reaction. 
Open and closed circles and squares 
indicate shared subpatterns probed by 
some of the cloned fragments. Small and 
large arrowheads indicate fragments 
which distinguish clones 74 and 85 from 
each other and from clone 83. Closed 
triangles adjacent to clone 85 (track a) 
indicate EcoRI fragments of H. halobium 
NRC-1 DNA which are also probed by 
several H. volcanii cloned DNAs (see 
Fig. 35). 


probed in various combinations by clones 36, 37, 40, 43, 50, 53, 
68, 73, 74, 77, 83 and 85 (<4 identifies some fragments which 
distinguish clones 74 and 85 from each other and from clone 83, 
which otherwise probe common fragments). These ‘subpatterns’ 
are also apparent when the same clones are used to probe 
Pstl-digested NRC-1 DNA; those probing various sets of EcoRI 
fragments in different characteristic combinations also probe 
different sets of PstI fragments in different characteristic 
combinations (data not shown). The remaining clones produce 
hybridization patterns with EcoRI-digested NRC-1 DNA which 
appear unique (and also produce unique patterns with Pstl- 
digested DNA). It is not clear whether these patterns too are 
composed of ‘subpatterns’, but intensity variations suggest they 
are. In any case, at least 21 different repetitive sequences are 
present among these 28 clones (some several times), and most or 
all of these are different (because they produce different probing 
patterns) from the repetitive sequences present in clones of the 
BamHI-EcoRI strain RI library. Note that clones 40 and 43 
probe common fragments and thus must contain a common 
element(s), and yet the NRC-1 DNA insert in clone 40 
(indicated by an * in Fig. 2) is not itself detectably probed by 
clone 43. Also, some identical fragments probed by clones 50 
and 53 (or 83 and 85) produce hybridization signals of different 
intensities. 

Many of the cloned fragments in the EcoRI strain NRC-1 
library bear copies of different repetitive elements, some of 
which must lie close to each other in the genome. Cloned 
fragments which unquestionably bear two different elements 
(clones 36, 37, 40, 50, 53, 74, 77 and 85) have an average length 
of only 3.3kbp (range 1.75-4.6kbp). We suspect that the 
differing intensities with which individual fragments are probed 
by different cloned DNAs reflect the presence of different 
numbers of copies, on both probed and cloned fragments, of 
shared sequences. 

There should be (on the basis of its G+C content) ~300 
EcoRI fragments in the H. halobium genome. Elements 
indicated by symbols in Fig. 2 appear to be present on 10 or 
fewer EcoRI fragments, and yet one of these elements appears 
five or six times and two of them two or three times in our 28 
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clones. There are two possible explanations for this apparent 
statistical improbability. (1) Such elements are present in many 
copies on the few EcoRI fragments which are detected as 
probed, and also present on a much larger number of other 
EcoRI fragments, but in too few copies to give detectable 
hybridization signals. Clones bearing EcoRI fragments of the 
latter type would then only probe strongly fragments of the 
former type. The results with clones 40 and 43 noted above 
might be consistent with this interpretation. (2) The repetitive 
sequences represented in Fig. 2 are preferentially located in 
A+T-rich regions of the genome which are more frequently 
attacked by EcoRI. Indeed, most of the cloned fragments are 
smaller (average length 3 kbp) than the expected distance 
between EcoRI sites (12 kbp). We may be repeatedly sampling 
only a small portion of the genome. 

To test the latter possibility, we constructed a small library of 
PstI fragments of NRC-1 DNA inserted into Pstl-digested 
pBR322. The PstI recognition site is similar in G +C content to 
the H. halobium genome. Thirteen such cloned DNAs were 
used to probe PstI digests of total DNA of strain NRC-1. None 
probed fragments other than that corresponding in mobility to 
the fragment cloned, and yet the 13 clones contained in total 
48.7 kbp of H. halobium NRC-1 DNA, or 51% of the 94.7 kbp 
represented by EcoRI clones shown in Fig. 2, in which there are 
at least 30 repetitive elements of at least 21 different families. 


Repeated sequences in H. volcanii genome 
16S ribosomal RNA (rRNA) catalogue analyses show H. vol- 


we a 
Fig. 3 Autoradiogram showing hybri- o es oe a 
dization of individual ™P-labelied e® 


recombinant plasmid DNAs of a genomic 
library of H. volcanii to EcoRI-digested 
total DNA from H. volcanii (a) or H. 


halobium NRC-1 (b). The library was 
constructed by ligating EcoRI-digested Qe «a 
ted pBR322. Both [a-" "P]dCTP and 

O 

> 


total H. volcanii DNA to similarly diges- 
[a-**P]dATP were included in the nick- 
translation reaction. All other experi- 
mental procedures were as for Fig. 1. In a, 
<4 indicates faint bands detected on the 
original autoradiogram; @, EcoRI frag- | 
ments of H. volcanii DNA hybridized by 
several H. volcanii cloned DNAs and by 
two H. halobium cloned DNAs (see Fig. 
4); < adjacent to clone v88 indicates 
EcoRI fragments of H. volcanii DNA also 
hybridized by three H. halobium cloned 7 
DNAs (see Fig. 4). In b, < indicates Pt 
EcoRI fragments of H. halobium DNA 

bed by several H. volcanii cloned 
DNAs and probed by H. halobium clone 

85 (see Fig. 2). 
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canii to be as remote phylogenetically from H. halobium as 
Pasteurella or Aeromonas species are from E. coli’. To deter- 
mine whether H. volcanii also contains families of repeated 
elements and shares any of these with H. halobium, we con- 
structed an EcoRI library of H. volcanii total DNA and used 
cloned fragments to probe EcoRI-digested H. volcanii and H. 
halobium NRC-1 DNAs (Figs 3a, b). Of 30 randomly selected 
clones, 10 (v71, v82, v86, v107, v110, v113, v118, v123, v144 
and v146) contained unique sequence DNA and only probed 
fragments identical in mobility to the fragment cloned; none of 
these probed any fragment of NRC-1 DNA. The remaining 20 
cloned DNAs probed multiple fragments of H. volcanii DNA 
(the faintest of which are marked by A in Fig. 3a). Five different 
cloned DNAs (v7, v33, v50, v60 and v97) probed an identical 
large set of H. volcanii fragments (some are indicated by @ in 
Fig. 3a). Clone v147 probed the same set, plus several addi- 
tional fragments. The remaining multiply probing cloned frag- 
ments produced hybridization patterns which appear unique, 
although only two of these (v88 and v122) probed more than 
three or four fragments in addition to that representing the 
cloned insert. Only those H. volcanii clones probing more than 
three or four H. volcanii DNA fragments probed H. halobium 
NRC-1 DNA but each of these probed multiple fragments (Fig. 
3b). Thus some repeated sequences are more highly conserved 
than are unique sequence DNAs. 

The clones probing H. volcanii fragments indicated by closed 
circles in Fig. 3a probed multiple and similar fragments of 
EcoRI-digested H. halobium NRC-1 DNA. Clone v147, which 
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must contain two different repetitive elements, probed the same 
fragments and one or two others. Clone v122 probed a unique 
set of H. halobium NRC-1 fragments. More unexpectedly, clone 
v88 probed the same set of H. halobium NRC-1 fragments as 
did clones v7, v33, v50, v60, v97 and v147, although it does not 
probe the same set of H. volcanii fragments. Thus, repeated 
elements which are usually separated in H. volcanii DNA are 
usually associated in H. halobium. 

In a reciprocal experiment (Fig. 4), selected EcoRI clones of 
H. halobium NRC-1 DNA which probed multiple EcoRI frag- 
ments of that DNA were used to probe EcoRI-digested H. 
voicanii DNA. Clones 54 and 85 (Fig. 2) probed identical sets of 
H. volcanii DNA fragments, which seem to include all the 
fragments probed by H. volcanii clones v88 and v97 (or others 
like it), plus some additional high-molecular-weight fragments. 
This provides reciprocal confirmation of the conclusion reached 
above. These clones contain inserts of only 3.3 and 1.75 kbp, 
respectively. However, H. halobium NRC-1 clone 84 probes 
only those fragments probed by H. volcanii clone v88, so this } 
clustering is not obligatory in H. halobium. Of the remaining -e o 
seven H. halobium NRC-1 clones tested, four (37, 40, 51 and 
91) probed unique sets of H. volcanii EcoRI fragments and three 
probed no H. volcanii fragments. 





Rearrangements affecting H. halobium 
repetitive sequences 


i .5 a, i i idization of a **P-label 
Figure 5 shows results obtained by probing EcoRI (a) or Sall (b) Aa. G Autoradiogram showing hybridization of a oe 


330 bp Alul fragment of H. halobium NRC-1 DNA to EcoRI- 


digested DNAs from strain NRC-1 (track 1), two NRC-1 single- 
colony isolates out of 20 picked from a single plate as pheno- 
typically indistinguishable from NRC-1 (tracks 2 and 3), two 
spontaneously arising gas vacuole-deficient NRC-1 variants 


cleaved total DNA from H. halobium NRC-1 (lane 1), two 
apparently wild-type colonies of strain NRC-1 selected from 20 
such isolates (see text; lanes 2 and 3), two gas vacuole-deficient 
mutants of strain NRC-1 (such mutants arise at a frequency of 


36 37 40) SI 55 54 83 84 85 91 


Fig. 4 Autoradiogram showing hybridization of H. halobium 
NRC-1 recombinant plasmid DNAs (see Fig. 2) to EcoRI-digested 
H. volcanii DNA. @, <, Fragments also hybridized by H. volcanii 
cloned DNAs (see Fig. 3). <, Superimposed symbols @ and A, 





1-3 x 107°) (lanes 4 and 5), and H. halobium R-1 (lane 6), Lane M 
contains **P-labelled 4c1857 Sam7 DNA cleaved with HindIII. 
The 330 bp Alul fragment used as a probe appears to comprise 
most of an ~500 bp repetitive element present in one copy on 
each of two HindIII—EcoRI cloned fragments of NRC-1 DNA 
which do not otherwise cross-hybridize (data not shown), b, 
Hybridization of a **P-labelled 900 bp PstI-—Sall strain R-1 cloned 
DNA fragment to Sall-cleaved DNAs from different H. halobium 
strains. This fragment was discovered as a 900 bp insertion in a 
HindIII fragment of strain R-1 plasmid DNA (see text). Lane 
designations as in a. 


(tracks 4 and 5) and strain R-1 (track 6) with two DNAs bearing 
what we believe to be different and single repetitive elements. 
The first (Fig. Sa) is a 330 bp Alul fragment which appears to 
comprise most of an ~500 bp repetitive element present in one 
copy on each of two HindIII-EcoRI fragments of NRC-1 DNA 
which otherwise do not cross-hybridize. The second (Fig. Sh) isa 
cloned ~900 bp fragment containing an element present on one 
of two otherwise identical HindIII fragments of the H. halobium 
R-1 plasmid. (This element is also present at least a dozen times 
in the H. volcanii genome; data not shown.) None of the six 
DNAs probed produces identical hybridization patterns with 
either of these two probes, even though the cell populations used 
to prepare these DNAs derive from phenotypically identical 
colonies (‘wild type’ for tracks 1, 2 and 3; gas vacuole-deficient 
for tracks 4, 5 and 6) and were (except for strain R1) separated 
from each other by only the number of generations (~30) 
required to produce enough cells to prepare DNA. Mobility, 
even of repeated elements selected randomly, is remarkably 
high. 


Implications 

(1) H. halobium and H. volcanii genomes each contain a large 
number of families of repeated sequences, each of which may 
have 2~>20 members. The different hybridization patterns 
obtained when clones from each of the two H. halobium 
libraries discussed above, and a third HindIII-EcoRI library not 
discussed, are used to probe EcoRI-digested H. halobium DNA 
identify at least 50 such families, and there may be many more. 
The possession of multiple repetitive sequence families is not 
typical of all archaebacteria: comparable cloning and hybri- 
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dization experiments with the DNA of the much smaller genome 
of T. acidophilum (not shown) revealed no repetitive sequences. 
(2) Repetitive elements are often clustered together with other 
repetitive elements of other families within small genomic 
regions. Elements of a given family may be clustered with 
elements of different families in different regions. Some clusters 
may themselves comprise repeat sequence families, but we 
cannot be certain of this. (3) Some clusters, such as the 5 kbp 
fragment identified in Fig. 1, may contain quite large numbers 
of. different elements. (4) Rearrangements which affect the 
disposition of repeated sequences occur very frequently, and 
are not obligatorily coupled with any detectable phenotypic 
alteration, although such alterations are themselves very 
frequent. The high frequencies of both types of event make it 
difficult to relate them causally’®. (5) Sequences which are 
repeated in the genome of H. halobium are frequently present 
and repeated in the genome of H. volcanii and vice versa. They 
may often be clustered with elements of different repeat sequen- 
ces in different ways in the two genomes. Most unique sequence 
DNAs are not conserved between the two genomes. (6) The 
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genome may contain regions of non-random variation in G+C 
content, in which elements of different families are mostly 
clustered, because libraries prepared with restriction endonu- 
cleases recognizing targets of different per cent G +C contain 
different numbers and kinds of repeated elements. Although 
the H. halobium chromosome and plasmid are of different 
G+C contents, they do not contain mutually exclusive sets of 
repetitive elements (Figs 1, 2 and data not shown). Such com- 
partmentalization, if it exists, is a property of the whole genome. 

We know of no other data on prokaryotic genomes which 
reveal the complexity of repeat sequence composition, 
arrangement and rearrangement demonstrated here. The only 
detailed body of data of comparable complexity is that bearing 
on repeated sequences in the genomes of plants’? and sea 
urchins, but we hesitate to suggest, on this basis alone, that 
the halobacterial genome resembles the genomes of eukaryotes 
more than those of eubacteria. This issue deserves more inten- 
sive scrutiny. 
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The observations of three rotational transitions (J =70 > 69, 
71 > 70, and 72 > 71) of HC,,N (cyano-deca-penta-yne) in the 
microwave emission spectrum of the circumstellar envelope of 
the cool carbon star IRC+10°216 are reported here. The 
abundances relative to molecular hydrogen and HC,N are 
estimated to be ~7x 10° and ~0.7, respectively. With these 
observations, taken during March and May 1981 at the Hay- 
stack Observatory, HC,,N becomes the largest and heaviest 
molecule yet detected outside the Earth’s atmosphere. 

The cool carbon star IRC+ 10°216 (=CW Leo) is believed to 
be undergoing extensive mass loss and its dense circumstellar 
envelope is known to be rich in neutral molecules and free 
radicals. Its comparative proximity to the Earth (~200 pc) and 
correspondingly large angular diameter (~2.5 arc min as 
measured in the emission of the CO molecule’) have made it 
especially rewarding in this respect. 

Observations of the microwave inversion lines of ammonia in 
the envelope of IRC+10°216 have shown the presence of a 
weak feature (U23.698) close to the NH3(1,1) line. The feature 
appears in observations made at both the 46-m telescope of the 
Algonquin Radio Observatory” and the 37-m telescope of the 
Haystack Observatory’. After these observations we tentatively 
identified U23.698 as the J =70 > 69 transition of the linear 
carbon-chain (cyanopolyyne) molecule HC;,N (cyano-deca- 
penta-yne) on the following grounds: 


(1) Of the 17 known molecules in the envelope of IRC+ 
10°216, seven have carbon-carbon bonds and 10 have appen- 
ded CN radicals. 

(2) The derived rotational constant (Bo= 169.27 MHz) 
would be only ~210 kHz greater than the value predicted by 
Oka* on the basis of a simple numerical extrapolation from 
lower cyanopolyyne chains. The magnitude (~0.1%) and 
direction of this discrepancy could be readily explained in terms 
of a slight molecular non-rigidity which is expected on the basis 
of the extended vibrational satellite patterns found for carbon- 
chain molecules’. 
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Fig. 1 The spectrum of IRC+10°216 in the region of the 

NH;(1,1) line, before baseline removal. Features due to HCN 

(J =21 > 20) and the proposed J =70 > 69 transition of HCN 

(U23.698) also appear in the window. The ordinate is antenna 

temperature corrected for zenith-angle variations of gain and 

atmospheric absorption. The gap in the spectrum omits a feature of 
instrumental origin. 
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Fig. 2 Two adjacent transitions of HC,,N in the spectrum of 
IRC+10°216, The features have been aligned on a common 
velocity scale using the rest frequencies given in Table 1. The 
antenna~—temperature scales are indicated on the left of the figure. 
Other details are as for Fig. 1. 


(3) Long-chain cyanopolyynes, such as HC,N, are relatively 
abundant in IRC+10°216. An extrapolation from the lower 
members of the molecular series? suggested that 
[HC,,N]/[HC,N]2 0.1. The direct comparison afforded by the 
presence of both U23.698 and the J =21 > 20 transition of 
HC,N in the NH,(1,1) spectrum’ is consistent with this expec- 
tation. 

We have detected two further microwave transitions of 
HC,,N (H-—-C=C—~—C=C-C=C—-C=C-C=C—C=N) 
using frequencies derived from the above result. This suggests 
that the identification of HC,,N is fairly secure and now 
represents the heaviest (147 AMU) and largest (~15 A) extra- 
terrestrial molecule known. 

At the frequencies employed (close to 24 GHz) the 37-m 
telescope of the Haystack Observatory has a peak aperture 
efficiency of 22% at 45° elevation and a beam efficiency of 25%, 
including radome losses. The half-power beamwidth is 
1.4 arc min. The observations were carried out with a maser 
receiver and an autocorrelation spectrometer of total bandwidth 
40 MHz and an effective resolution of 4.9 km s~™+. 

The observations in March were used to search for the 
J=72 > 71 transition of HC,,N, expected at ~24,374 MHz. 
The total-power observing method was used; ~25h of on- 
source integration time were accumulated, of which about 30% 
were affected by adverse weather and were discarded, A further 
33 h of on-source time was obtained in May when observations 
were made of the J = 71 > 70 transition, predicted to be close 
to 24,037 MHz. On this occasion, measurements were made 
using a modified ‘double-Dicke’ mode’ when the weather 
deteriorated, and no data editing was necessary. 

Figure 1 shows the spectrum of IRC + 10°216 in the region of 
the NH;(1,1) line as obtained at Haystack*. Our new obser- 
vations of spectral windows containing the proposed J =71 > 


Table 1 Transitions of HC,,N in IRC + 10°216 


Measured rest Derived 
Transition frequency B, 
Date Telescope J> (MHz)* (MHz)t 
April 1979 ARO 
May 1979 Ano | 70 +69 23,698.2+0.3f 169.275+0.002 
February 1980 ARO 
November 1980 Haystack 70 -> 69 23,697.940.4t 169.273+0.003 
March 1981 Haystack 72 -» 71 24,375.240.28 169.274+0.001 
May 1981 Haystack 71 > 70 24,037.1+0.1§ 169.277+0.001 





© * Peculiar velocity -26.0 km s~" assumed. 

t Based on D, = 0.22 Hz; see text. 

t Line may be confused with NH,(1,1); error quoted includes estimate of 
possible systematic effects. 

$ io formal errors. 


70 and J = 72 + 71 transitions of HC,,N are shown in Fig. 2. 
The arrow indicates the expected position of the line as predic- 
ted from the J =70 > 69 transition first detected at ARO 
(By = 169.275 MHz). 

Including the earliest measurement’ of the J = 70 > 69 tran- 
sition with the 46-m telescope, four independent observations of 
microwave rotational transitions of HC,,N have been made: the 
results are summarized in Table 1. The rest frequency has been 
determined for each case from the data assuming a peculiar 
velocity for IRC + 10°216 with respect to the local standard of 
rest of ~26.0 kms7' (see ref. 1). The J =70 > 69 transition is 
confused with the NH,(1,1) line and we take the error in 
determining the rest frequency in this case to be about three 
times greater than the formal value. The rotational constant Bo 
was calculated for each transition using a centrifugal distortion 
constant D = 0.22 Hz. The latter was estimated from the semi- 
empirical relation D)(HC,N)a[Bo(HC,N)}°*’, which provides 
a good fit to the measured values of the rotational constants of 
HCN, HCN, HCN, and HCN, and which is consistent with the 
published transitions of HCN in TMC 1 (refs 8, 9). 

The weighted average of Bo for all four observations is 
169.275+0.001 MHz. This result is unchanged if we omit the 
poorer-quality 46-m observations of the J = 70 > 69 line, or if 
we neglect all the J = 70 > 69 data on the grounds of its possible 
confusion with the NH,(1,1) line. 

For better estimates of the line parameters we have averaged 
together the J=71 > 70 and J=72 > 71 observations on a 
common velocity scale (see Fig. 3). The line profile thus obtained 
may show an indication of the non-gaussian (relatively En 
topped) shape found for other molecules in this source’. 
derive a full width at half maximum for the line of 25+ 2 oe S 
and a peak antenna temperature of 6+1 mK. 

We have detected three lines in the circumstellar envelope of 
IRC + 10°216, which we believe to be adjacent rotational tran- 
sitions of the long carbon-chain molecule HC,,N. While we are 
confident of the correctness of this assignment, we must still 
consider whether there are viable alternatives. 

The exact agreement in the frequency intervals between the 
two pairs of lines, and the fact that all three lines have the same 
intensity leaves little doubt that a single linear species is respon- 
sible. If the transitions we detect are not in fact adjacent, but still 
belong to a single species, that species must have a molecular 
weight in excess of ~200 AMU. We can argue on abundance 
grounds that this is much less likely than HC,,N. 

Certain other linear carbon-chain molecules whose exact line 
frequencies are not known are expected to have a B, of the same 
order; for example, C,,H and C,,N. Since C,H and C,N are the 
longest C,H and C,N carbon chains of their respective types 
that have yet been found, and because the derived abundance of 
HC,,N (see below) is in rough agreement with that extrapolated 
from lower-order cyanopolyynes, we are led to identify HC,,N 
as the source of the detected lines. 
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Fig. 3 The average of the J=72 > 71 and J=71 > 70 tran- 
sitions of HC,;N in the spectrum of IRC + 10°216. Other details 
are as for Fig. 1. 
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Table 2 Cyanopolyyne abundances in IRC + 10°216 





Observed 
transition Observed Abundance relative to H, 
Molecule Jd; T? (mK)t B=0.6 B=0.8 
HCN} 948 400+ 80 7.3x1077 §.2x10°? 
HC,N 21 + 20 5648 1.0x 1077 1.0«10°7 
HC,,N pet 2444 7.0x107° 8.0x 1078 





See text for details of model used. 

LE Main-beam brightness temperature corrected for atmospheric absorption and 
tele scope gain-zenith angle efficiency variation. 
~ + Measured during May 1981 session. 
= -Molecular line excitation in a circumstellar environment has 
“tobe treated differently from that in interstellar dust clouds. Not 
only does the gas density (and thus also collisional excitation) 
decrease radially outward from the star, but so also does the IR 
radiation field responsible for the vibrational excitation. Pre- 
vious radiative transfer models for the CO and NH, mole- 
cules”"’ in the circumstellar envelope of IRC+10°216 show 
that the excitation temperature gradient can be approximated 
by a power law of the form T.,(r) = To(7o/7)® where Ty = 350 K 
at ro = 2x10" cm, and.0.6<8 <0.8. A gradient of this type, 
while- unimportant for the low rotational states normally ob- 
served in the lower-order cyanopolyynes, becomes a significant 
factor for higher-order members of the series. In the present 
case, the observed transitions occur between states of rotational 
energy equivalent to 40 K. The lower excitation temperature in 
the outer parts of the circumstellar envelope thus leads to a 
non-uniform distribution of level populations across the mole- 
cular gas within the telescope beam. 

Model calculations for the circumstellar envelope of IRC + 
10°216 have been performed assuming the lines are optically 
thin and the population distribution at each radius to be in LTE 
at a temperature T,.,(r). We further assume that there is neither 
significant formation nor destruction of the molecules beyond 
several stellar atmospheric scale heights’ 

The line brightness temperature over the envelope surface is 
then computed and the results convolved with the telescope 
beam. Scaling the results to the observed values leads to the 
molecular abundances (Amoi/ nn) given in Table 2. Note that the 
derived abundances scale as (distance/200 pc)? x (mass-loss 
rate/2X 107° Mo yr‘)! and are uncertain due to the lack of 
precise values for these parameters. Table 2 also includes results 
for the J =9 => 8 transition of HC,N, a short observation of 
which was made in the May 1981 session at Haystack Obser- 
vatory for comparison purposes. In addition, although we did 
not observe a transition of HC,N, we can predict that in IRC + 
10°216 the HCN J =41 -40 line should be approximately 
twice as strong as the lines of HC,,N reported here if 
RHCoN/ Mp — 1077, 

_Thus the abundance of HC,,N is ~0.7 of that of HC,N 

(independent of distance and mass-loss rate). This is interesting 
<in that it is rather higher than would have been expected from an 
“extrapolation from lower-order members of the series. The 
- decrease in abundance as a function of cyanopolyyne molecular 
‘weight in the envelope of IRC + 10°216 also seems to be less 

steep than in TMC 1 (ref. 8) and other interstellar molecular 
clouds’®. Moreover, the cyanopolyyne relative abundances 
compared with molecular hydrogen in IRC + 10°216 are much 
_ higher than those found in dark molecular clouds. For example, 
MacLeod et al.’* reported an abundance ratio [HC;N]/[H2]= 
107° in TMC 1. We find that this ratio is ~60 times higher in the 
case of IRC + 10°216. In fact, relative to H., HC,,N is ~7 times 
more abundant in the envelope of IRC + 10°216 than HC;N isin 
TMC 1. 

Although the exact mechanism for the formation of long- 
chain carbon molecules in interstellar space is still in contro- 
versy’”'*, we now have evidence that large numbers of such 
molecules can be produced in the atmospheres of carbon. stars 
like IRC + 10°216 where activation energies can be overcome”? 
Formation of dust grains will quickly lead to momentum grain- 
gas coupling which will eject the molecules?’ 







The current rate of mass returned to the interstellar medium 
by late-type stars is 6x 10° Mo pc? yr™ (ref. 21). Assuming 
10% of all late-type stars are capable of manufacturing long- 
chain carbon molecules, our derived abundances for HC,,N 
implies an ejection rate of 10° HC,,N molecules pe~? yr“ into 
the interstellar medium alone. While most of these molecules 
will probably be destroyed by interstellar EUV radiation, clearly 
the molecular production by stars can be an important ingre- 
dient in chemical models of the interstellar medium. 
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On the reported detection of sub-GeV 
antiprotons in galactic cosmic rays 
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Buffington et al.’ claim to have detected a p/p ratio of 2.2 + 0.6 x 
10~* at energies between 130 and 320 MeV. This is several 
orders of magnitude above theoretical predictions’~ at these 
lower energies for p fluxes resulting from collisions of primary 
cosmic rays with the interstellar gas. Measurements at higher 
energies by Golden et al.* show a p/p ratio of 5.241.510, in 
excess, by a factor of about 3, of the expected values if Ps are of 
secondary origin in the standard model of galactic cosmic rays. 
The reported He/He ratio’ is significantly lower than the 
reported p/p ratio, raising difficulties with some scenarios’ in 
which the fis are primary cosmic rays from anti-galaxies. Kiraly 
etal.’ suggest black hole evaporation as a p source. I discuss here 
scenarios in which the reported sub-GeV p excess might be 
produced as secondaries in high energy collisions. Such produc- 
tion must take place in compact, optically thick sources, 

It is assumed that the low energy ps have lost a few hundred 
MeV due to modulation by the solar wind. However, while 
modulation effects may enhance the 6 excess at low energies, 
they are not nearly strong enough to account for the claimed 
value (ref. 7 and R. Jokipii, personal communication) (though 
such considerations could ease the demands on any model of low 
energy Ď production). In addition to decelerating cosmic rays, 
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solar modulation lowers their spatial density so that the low 
energy p flux is significantly greater outside the heliosphere than 
in the Earth’s vicinity. 

Kiraly et al.’ have shown, using Liouville’s theorem, that the 
inferred p flux beyond the heliosphere depends very weakly on 
the assumptions made about modulation. To infer the inter- 
stellar number density, Ngu, implied by Buffington et al. I 
assume that the p/p ratio they report (Ray,=2.2x107* at 
~ 200 MeV) is reached at 600 MeV (p = 1.2 m,c) beyond the 
heliosphere, and that the integral interstellar momentum spec- 
trum of primaries goes as p~'’. The p/p ratio Reo reported by 
Golden et al. at 7 GeV (p ~ 8m, c) is 5.2x 10°*. Hence, Nous is 
given by 
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Nco exceeds the p number density N, predicted by the standard 
leaky box model of galactic cosmic rays? by a factor of 3 or so, 
hence Nau exceeds that prediction by about one and a half 
orders of magnitude. 

If the p excess is real, and if the ps are secondaries, they are 
apparently decelerated outside the heliosphere from their 
production energy (= 3 GeV) down to 600 MeV or so. Scenarios 
for decelerating secondary js can be broken down into two 
categories: (1) the ps are produced at large cosmological 
redshift, and are decelerated by the expansion of the Universe; 
(2) the ps are produced and decelerated within the Galaxy. Such 
scenarios have difficulties with overproduction of secondary 
products which leads to a model in which the ps are produced in 
dense, optically thick environments—perhaps the galactic 
centre, 

If the ps were produced at high redshift, their present cosmic 
energy density (which would then equal that inside our Galaxy) 
implied by Buffington et al. would be ~10°*eVcm™. As the 
p/v ratio in high energy collisions is < 107, the implied energy 
density in high energy vs would exceed 10°? eV cm™?, (The low 
y-ray background immediately constrains the ps to be produced 
in dense compact regions where y rays would be stopped by 
collisions with other photons.) The Reines experiment” limits 
the cosmic neutrino background at E >0.5 GeV to <3x 107 
eVcm™*, (ref. 9), apparently ruling out the cosmological 
deceleration scenario. 

Stochastic diffusion in momentum space is one possible 
mechanism’ for generating low-energy ps. However, such a 
process would cause the cosmic ray spectrum to approach the 
equipartition differential momentum spectrum N (p)dp  p*dp, 
which differs vastly from the observed spectrum N(p)x p7., 

We henceforth consider only adiabatic expansion as a 
deceleration mechanism. Assume that there is some ‘new’ 
cosmic ray population that traverses much matter within a 
compact expanding region. To produce the reported p flux 
without adding significantly to the observed secondary to pri- 
mary ratio, (1) the product of the galactic power output Py of the 
new population and the traversed grammage g, must be at most 
comparable with that of the ‘standard’ CR population P,g, or (2) 
the new population must traverse enough grammage near the 
production site for the secondaries to be thoroughly broken 
down. 50 gcm”, roughly 5 destruction pathlengths for L, Be 
and B, suffices'’. Note, however, that at grammage larger than 
50gcem™*, the fs begin to annihilate before escaping the 
compact region. Hence this means of avoiding too much secon- 
dary production requires ‘fine tuning’ of the traversed 
grammage. 

A more general constraint is the y-ray emission from the 
galaxy above 100 MeV, 8 x 10% ergs”. To within a factor of 2 
this is what is expected from the standard CR population 
interacting with 5 g cm™° of matter before escape''. It would 
seem, then, that the total collision rate involving galactic cosmic 
ray protons and the resulting p production rate cannot be much 
greater, in optically thin regions, than expected from the stan- 
dard cosmic population aside from ‘factor of 2’ uncertainties, If 


Nout > Ng, this poses difficulties for models that would produce 
the p excess claimed by Buffington et al. in regions from which 
y rays escape. 

The y-ray constraint could be circumvented by postulating p 
production in very young supernova remnants (T < 10 yr), for 
then the associated y-ray production is sporadic, and could 
presently be in an ‘off’ stage. (In any case, in order that primaries 
produced within the young remnant traverse many g cm~™, it is 
easy to show that they must do so when the remnant is younger 
than 10 yr.) This, however, implies that the ps suffer enormous 
adiabatic losses before being deposited in the interstellar 
medium, and in turn raises the total cosmic ray power and time 
averaged y-ray luminosity required to account for the observed 
P flux by an enormous factor. It can be shown that young 
supernova remnants in nearby galaxies would then be bright 
y-ray sources, contrary to observation. 

Another constraint on p-production comes from the e* flux. 
This constraint is independent of extensive galactic parameters 
as the p/e” yield depends only on the physics of the high energy 
collisions. While the results of Buffington etal. and Golden et al., 
given the experimental numbers and other uncertainties, do not 
necessarily imply too large a p/e* yield in the galaxy, it should be 
noted that a very large high energy collision rate in the galaxy 
must be arranged without affecting the observed e* flux appre- 
clably. (Possibly, the e*s can be disposed of at E>1 GeV by 
synchrotron radiation in the enhanced magnetic field of a dense 
environment, if they are produced there.) 

In view of the indications that the galactic p/y production 
ratio (and possibly the /e* ratio) is higher in our Galaxy than 
expected from cosmic ray collisions, it is worth considering p 
production scenarios that yield such high p/e* and p/y ratios. In 
particular, suppose the anti-protons are produced in dense, 
compact regions where the radiation density is sufficiently high 
to block y-ray escape through photon—-photon collisions and to 
degrade e*s through inverse-Compton reactions at a faster rate 
than p annihilation. If the ps are produced within e jected fluid, 
they can be adiabatically cooled, and ultimately deposited into 
the interstellar medium unaccompanied by 7’-decay y rays or 
a” -decay e*s. 

yrays at E,~100 MeV are blocked most effectively by 
X rays at 10 < E,<100 keV. In any compact source the number 
density npa of photons of energy Eph is at least L/4rR *cEons 
where L is the luminosity in these photons and R is the source 
radius. The source interior is then opaque to y rays (T, Ap R > 
1) if 


(L/Lea(Rs/R(oy,/o7)(m,c?/ Egy) > 1 (2) 


Here er and e, are the cross-sections for Thompson scattering 
and pair production, R, is the Schwarzschild radius, and L.a is 
the Eddington luminosity defined by Leg=4aGMm,c/or, 
where M is the mass of the compact object and m, is the proton 
mass. For E, > 100 MeV, 102 Ey, = 100 keV, this condition is 
satisfied by accreting compact X-ray sources by a very large 
margin. (The X rays need not escape; even if they are eventually 
blocked and converted into fluid motion, they can still block 
yrays close to the compact object.) Indeed, high-energy 
collisions can be postulated to exist near any compact object 
where L/L.4>1, independent of its mass, without running into 
the difficulty of overproducing y rays. Primary high energy ps 
can be produced (say, by collisionless shocks) within the 
accretion or ejection fow near the object, but the particular 
mechanism for producing them is not crucial to the model. 

The column density in Eddington-limited flow onto any 
compact object is known, by familiar dimensional arguments, to 
be of the order of 1 gcm”? or more, independent of mass: 
L~L.,,L~eMc*, where M is the mass accretion rate, e = 
R./R, M <4xanm,R’*Bec where n is the number density of the 
accreting material and @c is the radial infall velocity, all of which 
imply that the column density nm, R = m,/Bor>1 gem”, 
Hence any high energy particles produced in the vicinity of 
compact objects are likely to have a substantial amount of target 
matter to interact with. 
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Finally, if the object ejects matter in the manner of active 
galactic nuclei or $8433, it can adiabatically decelerate ps 
produced in its vicinity and deposit them into the interstellar 
medium. 

The above scenario also predicts low energy e’-e pairs and 
photons with Epa = 100 keV from the electromagnetic cascade, 
and has been proposed’? to account for the pair production at 
the galactic centre that is implied by the observed e’-e anni- 
hilation radiation’*. The variable 0.51-MeV line emission from 
the galactic centre requires ~10°° ergs ‘ in pair production if 
the pairs each have a few MeV in energy, and, according to this 
scenario, probably requires more than ~ 10°’ ergs‘ in rela- 
tivistic primary production. Within an optically thick medium, 
the p/p ratio can approach 2x10°*, so a p output of 2x 
10° ergs or more is reasonable for such a source. This 
compares favourably with the product of the galactic primary 
output, 3x10“ ergs‘, and the p/p ratio measured by 
Buffington et al. of ~2x10™*. A single source of the sort 
postulated here, or a few of them, could readily account for the 
galactic p output on energetic grounds. (Note that a necessary 
condition for producing an e*-e annihilation line is the 
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Turbulent flow in a rotating container has been widely 
studied’, but here we consider an experiment in which the axis 
of rotation is vertical, the tank deep and a vigorous turbulence is 
produced near the bottom by a horizontal grid oscillating in the 
vertical direction. The flow within the rotating container can be 
envisioned to result from: (1) the disorganized, turbulent 
motion produced by the grid which, in the absence of rotation, 
would yield a random field with turbulent intensity decreasing 
upwards (away from the grid) and turbulent length scale 
increasing upwards“; (2) the organizing influence of rotation 
which, in the absence of turbulence, would generate a (trivial) 
flow having a single vertical component of vorticity, 20 (Q is the 
tank rotation rate), uniform throughout the tank. These two 
competing effects combined produce a flow field which is 
surprisingly complex. The major feature of the flow consists of a 
collection of regions of highly concentrated vorticity, or vortices. 
These vortices extend coherently throughout the depth of the 
container. Waves having the form of compact, helical distortions 
propagate along the vortex cores. We show that the waves are 
well described by the vortex soliton theory of Hasimoto’. 

The Rossby number, Ro=u/2/, measures the local 
importance of inertia to rotation in the flow field. Both u, the 
turbulent velocity, and /, the turbulent length scale, can be 
assumed constant in planes perpendicular to the axis of rotation 
but, of course, vary with depth. The Rossby number at the grid 
location is fixed by the motion of the grid itself, and is given by 
Ro, =n/2, where n is the grid oscillation frequency. In our 





presence of enough ambient matter so that any e's produced 
within annihilate. It has been suggested’* that the clouds near 
the galactic centre are good candidate sites for the annthilation 
that separates the observed line. Thus, even if the galactic 
centre, where the ambient density is very high, proves to be a 
unique source of e*—e annihilation radiation, the phenomenon 
that produces the e*s may be a common one. Other hard X-ray 
sources, for example, remain possible e” and p sources through 
the cascade mechanism even if they display no annihilation line.) 

10°° ergs ‘ in high energy neutrinos at a distance of 10 kpc is 
detectable by DUMAND, so neutrino astronomy might even- 
tually provide independent evidence for such a p scenario. 

While the results of Buffington et al. may be explainable, they 
are surprising nonetheless, and independent experimental 
confirmation is needed. I have also emphasized that the p/e” 
and ĵ/y flux ratios are more important than the ĵ flux itself in 
setting constraints on models of p origin. 

I thank Drs T. Gaisser and D. Ellison for useful discussions. 
This research was supported by NSF grant AST800 2673 and by 
the Alfred P. Sloan Foundation. 
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Fig.1 a, Streak photograph illustrating flow in a horizontal plane, 

Ro, = 3.32. Exposure time is 0.25 s. b, Vertical plane visualization 

of a typical vortex core, utilizing small gas bubbles for illumination. 
A travelling vortex core wave is marked by arrows, 
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Fig. 2 Schematic represen- 

tation of possible vortex core 

wave types. Core vorticity is 

clockwise, and arrows indicate 

propagation/rotation of wave 
patterns. 





experiment Ro, is large, 0(3~30), and the turbulent flow near the 
grid is relatively unaffected by rotation. Away from the grid the 
influence of rotation becomes more important, and at some well 
defined height the flow changes character completely. A collec- 
tion of concentrated vortices fill the remainder of the tank depth. 
These vortices are seen in Fig. 1a for a grid Rossby number of 
3.32. Here the flow in horizontal planes is visualized by passing a 
light sheet through the tank and observing the trajectories of 
small wood particles. The local Rossby number associated with 
the transition height (and with the vortices above) has a constant 
value of about 0.20 for the range of grid Rossby numbers 
investigated. Above the transition, there is almost no additional 
vertical variation of average turbulence quantities. 

For a better visualization of these regions of concentrated 
vorticity, a vertical light sheet is utilized. Small gas bubbles 
introduced at the bottom of the tank collect in the core regions to 
provide the ilumination seen in Fig. 16. (The bubbles themselves 
do not affect the flow significantly, as the same motions are 
observed when bubble densities are very low.) Only a fraction of 
the tank depth is shown, but the vortex cores extend to the top of 
the tank. The lower ends of the cores terminate in the strongly 
three-dimensional region near the grid. Quantitative estimates 
show that a typical vortex has a vorticity 40 times the tank 
vorticity (20), and a core radius e = 0.1~0.15 cm—a remarkable 
and unexpected result. A complete description of experimental 
results can be found in ref. 8. Here we concentrate on one 
interesting consequence of the presence of these vortex 
regions—the existence of travelling wave disturbances. 

A wave disturbance (marked by arrows) can be seen on the 
vortex core in Fig, 1b. The wave disturbance has the form of a 
helical distortion of the core. A straight vortex induces no 
motion on itself, but the wave-distorted core produces a self- 
induced velocity field which allows propatation of the dis- 
turbance. (The propagation of a smoke ring is a simpler example 
of self-induced motion. The induced velocity field is analogous 
to the magnetic field which would be produced were the vortex a 
current-carrying conductor.) The possibility of such vortex core 
motions was discussed in general by Batchelor’ and by Hasi- 
moto’. Simple dynamical arguments suggest four possible wave 
types, as outlined in Fig. 2. Waves a and b are a left-handed kink 
and anti-kink, respectively, and propagate in a direction 
opposite to the core vorticity vector. The kink pattern rotates 
oppositely to the rotation of the core, while the anti-kink rotates 
in the same sense as core rotation. Waves ¢ and d are mirror 
images of a and b. All these wave types were observed in our 
experiment. 

The waves appear to propagate as single entities and to travel 
many times their length without appreciable change in shape. 
This suggests the possibility of a solitary wave (soliton) descrip- 
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tion for the phenomenon. Hasimoto’ has demonstrated analyti- 
cally that solitons can exist on a single, isolated vortex core in an 
irrotational flow. Wave properties are governed by a non-linear 
Schroedinger equation for a model which assumes constant 
circulation and no vortex stretching. The induced motion is 
calculated as if the vortex filament were a circular rin g having the 
Same curvature as the actual filament. For a filament which is 
straight at infinity, there is a particular solution giving a soliton 
of constant torsion and varying curvature (torsion is the rate of 
change of bi-normal direction along the filament). 

The assumptions of the theory are not precisely appropriate to 
the present experiment. There are many cores in the experi- 
ment, not just a single core; the outer flow is not irrotational: and 
there is rotation of the container as a whole. These compli- 
cations seem to be relatively unimportant, however. Individual 
vortex cores are often far from neighbouring cores, and the 
concentration of core vorticity by a factor of 40 above the tank 
vorticity may qualify them approximately as ‘isolated’ vortices. 
Finally, Rossby numbers associated with the wave-induced 
motions are moderately large, that is, Ro = (group velo- 
city)/20(wave amplitude) > 1. Rotation, then, is responsible for 
the regions of concentrated vorticity, but has little direct effect 
on the waves themselves. 

The wave chosen for detailed comparison is shown sequen- 
tially in Fig. 1b, travelling upwards with anticlockwise rotation (a 
left kink), The wave length is ~5 cm, and the total lateral 
excursion of the core is ~0.6cm. The corresponding tank 
rotation rate is 1 revolution per second and the grid oscillation 
frequency is 6.63 Hz. Two simple comparisons with theory are 
possible—-wave shape and the ratio of propagation speed along 
the core to the rotation speed of the pattern. The theoretical 
wave shape predicted by Hasimoto (in suitably non-dimen- 
sionalized coordinates) depends on a single parameter, 


2(Wave torsion) 
(Maximum wave curvature) 


The quantity used to non-dimensionalize the physical lengths is 


v = + (Maximum wave curvature) 
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soliton wave shapes. a, t= 0; b, f= one-quarter period: c, t = one- 
half period. Lateral scale has been doubled. 
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Fig. 4 Observations of group velocity as a function of the inverse 

of maximum wave radius (taken from film). Solid line is the 

theoretical upper bound. Error bar indicates relative level of 
confidence. 


In practice, T and v are chosen to best fit the overall wave shape 
at three instances of time. The three waves shapes are spaced in 
time at precisely one-quarter of the pattern revolution, and 
together represent one-half revolution of the wave. The result of 
the comparison is shown in Fig. 3. Best overall fit for the three 
shapes yields the values T =3.125, v =0.64 cm™'. The wave 
torsion and maximum curvature are then computed to be, 
respectively, 2.00 cm™ and 1.28 cm™’. The theoretical envelope 
is a hyperbolic secant, and the wave shape is a sinusoidal 
function within the envelope. Theory predicts additional oscil- 
lations at the ends of the wave which are not observed experi- 
mentally, and this is the most noticeable discrepancy. However, 
these oscillations are extremely small—<0.1cm—and are 
probably below the resolution of our visual measurements. 
Overall, the match between experiment and theory is exceed- 
ingly good. 

The wave envelope travels upwards with group velocity c = 
15.7 cms’ +10%, and has a rotation rate w = 13.2 rad s7! 
+10%. Using the observed maximum radius of 0.29 cm, the 
ratio 

Wave envelope speed c 


= —— = 4,05+0.7 
Maximum rotation speed = @rmax 


The theoretical prediction is 
T(T? +1) 
(Teel) 


for T =3.125. Thus, the theoretical estimate agrees with 
measurement within the accuracy of the measurement. The 
tentative conclusion is that these isolated waves are indeed 
solitons and are well described by the theory of Hasimoto. 

The theory can be used to draw several additional conclusions 
in qualitative agreement with experimental observation. The 
theoretical prediction for the group velocity is 


as 
(T? +1) Fmax 


The quantity in parentheses is the wave torsion, here given in 
terms of T and the maximum wave excursion (or amplitude), 
‘Tmax: | is the vortex circulation and K is a constant related to the 
asymptotic, local-induction approximation. The wave proper- 
ties just determined, together with an estimated value for the 
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vortex circulation, allow a rough estimate for the constant K. 
Thus . 


T r 
c =0.48 TD 
The conclusion is that waves of fixed amplitude, on cores of fixed 
circulation, travel at different speeds depending on wave shape. 
Furthermore, waves of fixed shape and fixed circulation travel at 
a speed inversely proportional to wave amplitude. The reason is 
that the group velocity is proportional to wave torsion (not to 
wave amplitude); and for fixed shape, a wave of smaller ampli- 
tude has the greater torsion. An approximate upper bound on 
group velocity is obtained by noting that the quantity T/(1 + T3) 
has a maximum value equal to 1/2 at the value T = 1. This value 
gives 

c=0.24 ve 


max 


for waves on a core of circulation T, and having a maximum 
radial excursion řmax All group velocity measurements should 
lie below this estimate. Group velocities taken from films are 
shown in Fig. 4, divided by the estimated value of vortex 
circulation, [= 32.7 cm° s™*, and plotted against the inverse of 
the observed maximum wave radius. There is an indication that 
smaller waves travel faster, but the data are far from conclusive. 
The upper bound estimate is reasonable for the larger waves, but 
much too high for waves of smaller amplitude. Possibly other 
effects limit the propagation velocities of the smallest waves. 
Note also the relatively small range of wave amplitudes ob- 
served. In terms of estimates of the core radius, the largest waves 
have Imax = (3-4)e and the smallest waves Fmax = £. 

Our rotating turbulent flow thus consists of a three-dimen- 
sional turbulent region near the forcing grid, and a quasi two- 
dimensional field of strong vortices farther away. Non-linear 
solitary waves provide the connecting link, and carry energy 
upwards from the strongly turbulent region. However, waves 
are also produced along the entire length of the vortex core. This 
local wave production may provide the vertical stretching and 
the concomitant horizontal flow convergence necessary to 
maintain the regions of high vorticity. 

Concentrated vortices occur in external flows over wing sur- 
faces and internally in rotating machinery and combustors. 
Solitary waves are present in these flows and can be seen, for 
example, during the break-up of wing tip vortices in the wakes of 
high flying aircraft. The most highly concentrated vortex found 
in nature is the tornado. Pulsations in core size, rapid vertical 
motions within the core region and various travelling (wave- 
like) core deformations have been observed over many years 
(see refs 10,11). It is plausible that some of these effects are 
manifestations of vortex core solitons. Solitary waves may 
indeed be a ubiquitous feature of most turbulent flows which 
contain concentrated vorticity. The contribution these waves 
make to turbulent vortex dynamics in complex flows would be a 
fascinating topic for future study. 
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A suspended sediment 
front in the Severn Estuary 


R. Kirby & W. R. Parker 


Institute of Oceanographic Sciences, Crossway, Taunton, 
Somerset TA1 2DW, UK 


A zone of marked local gradient in the regional suspended solids 
field has been located along the axis of the Severn Estuary. This 


front occupies virtually the same position on ebb and flood and 


on spring and neap tides, although the amplitude of the gradient 
fluctuates. Thermohaline fronts have been described in coastal 
waters’? suspended sediment fronts associated with the dis- 
charge of major rivers into the sea are common** whilst fronts 
caused by convergence of secondary circulations within estu- 
aries have also been reported’. The previous work describes 
features with significant differences in the salinity or tempera- 
ture fields in which any suspended sediment contrasts present 
are incidental and do not, of themselves, produce large horizon- 
tal density variations. In contrast, in the Severn, strong thermo- 
haline gradients in the vicinity of the suspended solids front have 
not been detected. The mechanisms for the formation and 
maintenance of the front are not yet known. 

The Severn Estuary (Fig. 1) has a large and variable tidal 
range (12.3 m mean spring range and 6.5 m mean neap range at 
Avonmouth). It is well mixed with regard to salinity and 
temperature? but commonly stratified with respect to suspended 
solids concentration’. The suspended load over the greater part 
of the water column ranges between 0.25 and >10 gI”' and its 
vertical distribution is controlled by the semi-diurnal and 
spring-neap tidal energy cycles, At maximum flow on spring 
tides the suspended load is mixed throughout the water column, 
whereas near slack water on springs and throughout the neap 
tides, considerable stratification is apparent with concentration 
levels in the lower layers well in excess of 10.0 g I> (ref. 9). 

The structure of the suspended solids field was observed using 
a free-fall array consisting of two narrow-gap optical turbidity 
meters, a pressure (depth) sensor and, occasionally, a continu- 
ously recording conductivity meter, allowing continuous and 
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rapid (1 ms™°) vertical profiles to be made from drifting or 
anchored vessels. Laboratory calibrations using indigenous 
material in the range 0-20 g I` were later corrected with field 
samples. Performance curves for the turbidity meters were 
prepared and they were only used within the ranges where errors 
were <10%. Over the range of concentration values for which 
the instruments were calibrated they were known to respond to 
changes in mass concentration and to be insignificantly affected 
by changes in the state of aggregation of the solids (T. J. Smith 
personal communication). 

Measurements from anchored vessels have been placed in a 
regional context during wide ranging surveys of the suspended 
solids field in the area, resulting in 3,500 vertical profiles from 
210 stations based on 17 estuary cross-sections, (standard lines), 
extending from Watchet to The Shoots (Fig. 1). The regional 
measurements were made chiefly between 1973 and 1979 on all 
ranges of tide from spring to neap and during most seasons. 

Most of the data have been obtained as time series of cross- 
sections in which the survey vessel repeatedly traversed a stan- 
dard line stopping at each station to measure a vertical profile. 
Between stations the array was towed 2~3 m below the surface 
and a continuous horizontal traverse was recorded. One 
complete traverse can be made in approximately 1-1.5 h, in a 
time series continuing over a 12.5-h semi-diurnal tidal cycle. 

The regional surface and bed suspended solids distributions 
on spring and neap tides was studied by grouping the analogue 
records into spring (all data >9.0 m range) and neap (all data 
<9.0 m range) tides. For most stations this resulted in a mini- 
mum of 10 profiles but the limited accessibility of shallow areas 
resulted in a poor coverage. The surface and bed concentration 
values for these groups were averaged. The regional spring 
surface and spring bed distributions (Fig. 2) show the front as a 
zone of marked gradient (from <0.5 to >4.0 g 1`' at the bed in 
2km or less) approximately along the axis of the estuary 
between The Shoots and the Holm Islands, and extending across 
the inner Bristol Channel to the English coast in the region of 
Watchet, in Bridgwater Bay. The more turbid water mass lies on 
the English side of the estuary. On neap tides the regional 
distribution is similar, although the contrast between surface 
and bed concentration values is greater. 

For more detailed analyses, data from each cross-section have 
been grouped into spring ebb and flood and neap ebb and flood 
conditions and the average concentration calculated for each 


Fig. 1 Location of standard sta- 
tions used in surveys of suspended 
solids distribution. 
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Fig. 2 Plan distributions of spring surface average (a) and spring 
bed average (b) suspended solids concentration based on vertical 
profile data. 


tenth percentile of the depth at every station on the cross- 
section. Plots of average concentration for each sub-group of 
data in every cross-section were arranged in sequence along the 
estuary to show the mean position and structure of the front in 
three dimensions. These plots show that the front is more 
prominent on spring than on neap tides and on ebb rather than 
flood tides. An average of all spring ebb data, Fig. 3, shows 
steeply inclined concentration contours across the gradient zone 
in the region between The Bridge and a line joining Barry and 
Burnham. Upstream from The Bridge, in the Bristol Deep, the 
front is duplicated by a similar, but smaller front on the Welsh 
side, whilst downstream from the Barry to Burnham line the 
concentration contours assume a more horizontal attitude. 
Figure 3 illustrates the location and nature of the front in the 
study area but obscures the sequence of development and 
stability on a semi-diurnal time scale. In Fig. 4, the time series of 
cross-section plots represents individual traverses along stan- 
dard line 1 during a spring tidal cycle of ~12.0m range. The 
apparent slopes of the water surface are due to the rise and fall of 
the tide during the period taken by the vessel to steam along the 
line and have no dynamic significance. Figure 4 shows the effects 
of mixing of the sediment into the water column during 
accelerating phases of the tide and settling towards the sea bed 
on decelerating phases. Although well displayed at times when 
the tide is running in either direction, settling causes the front to 
be less evident at the surface and enhanced near the bed at slack 
water. However, the approximate position of the front remains 
constant on this time scale, although the concentration 
differences across it vary. Virtually the same sequence of 
changes was observed during time series at other ranges of tide 
at line 1 and also at the other standard lines. 








Despite the averaging processes the position of the front 
remains well defined throughout spring tides (Figs 2, 3), most 
markedly at the bed during neap tides and during most of ¢he 
semi-diurnal cycle (Fig. 4). These plan distributions and cross- 
sections suggest that, although the front is a marked feature ona 
regional scale, the gradient extends over 2 or more kilometres. 
In fact, from upstream of The Shoots to the Holm Islands the 
front can occasionally be seen at the sea surface in calm weather 
as a sharp interface separating ‘blue’ and ‘brown’ water. 
Continuous horizontal traverses made near the surface show 
that the front may be as little as 2-m wide at the upper end of the 
estuary (Fig. 5). 

Unpublished data from IOS horizontal suspended solide 
traverses suggests that the front is not a passive feature asso- 
ciated with some controlling salinity and temperature structure 
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Fig. 3 Spring ebb average suspended solids distributions for 
cross-sections of the Severn Estuary and Inner Bristol Channel 
between Avonmouth and Watchet, concentration in g I’ 
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in the estuary. Published data show only low longitudinal and 
vertical salinity gradients. Strong lateral salinity gradients are 
confined to the coastal margins, even on neap tides, and no 
marked lateral gradients have been detected along the channel 
axis’. Neither is the phenomenon a plume-type front associated 
with the sediment discharge of a large river, since the estuarine 
suspended sediment concentrations are higher than in the 
inflowing rivers. Recent work (T. J. Smith, personal com- 
munication) has shown that the front is not associated with 
horizontal variations in vertical mixing rates and hence not 
analogous to the thermal or saline fronts frequently observed in 
British coastal waters’. 

The front may be due to an interaction between the regional 
and local topography, Coriolis effects and lateral phase 
differences in tidal elevation across the estuary, which set up 
secondary water circulation cells in the plane of the cross- 
section, leading to convergence along the main channel axis. 
Velocity measurements over several tidal cycles made from an 
anchored vessel in the Holms Channel may be interpreted in 
support of this secondary circulation hypothesis. The vertical 
distribution of the lateral component of tidal mean velocity 
obtained from these measurements indicates a north-west going 
residual at the bed and a south-east going residual at the surface, 
in agreement with earlier data‘, placing the survey vessel on the 
Welsh side of a convergence. Such a circulation, combined with 





Fig. 4 Time series of cross- 
sections at Line 1 during a spring 
tide showing close association of 
front and main channel. Suspended 
sediment concentration in gi~. T 
numbers are GMT in hours + or — 
predicted HW at Avonmouth. CD, 
Chart Datum. a-d, Ebb tide 
sequence; e-g, flood tide sequence. 





the non-conservative nature of the suspended sediment, the 
highly rectilinear tidal current regime and the fact that the 
dominant fine sediment source area, Bridgwater Bay, lies on the 
south side of the estuary may be the main factors which maintain 
the high concentrations along the English side of the estuary. 

We conclude that, whilst the Severn estuary is generally well 
mixed with regard to salt, it shows marked lateral partitioning of 
suspended sediment with a stably positioned front forming the 
junction between the two water masses. This lateral disposition 
of suspended sediment compliments the vertical stratification 
already reported in this estuary”. Evidently, whilst salt does get 
well mixed across the estuary the fine sediment does not, 
indicating that it is unwise to treat the dispersion of fine sediment 
in the same way as that of salt. 

The residual water circulation in the estuary cannot be driven 
entirely by the saline density field because comparison of the 
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lateral and longitudinal density fields due to depth average 
salinity and depth average salinity plus suspended solids, shows 
that density differences due to suspended solids are at least equal 
to those due to salt. This comparison was achieved by cal- 
culating and comparing the depth mean density of the water 
column at individual stations across the estuary and along the 
estuary from Avonmouth to 3°30'W. Density differences 
computed using the actual suspended solids vertical profiles, as 
opposed to depth average values, show the suspended sediment 
density field to dominate. 

As the suspended sediment load is strongly laterally parti- 
tioned and vertically stratified, sediment erosion and transport 
models should take account of the fact that any sediment 
entrained cannot be assumed to mix completely in Jateral and 
vertical directions since the discontinuities represent a barrier to 
dispersion. Similarly, the presence of persistent lateral and 
vertical discontinuities within the suspended sediment concen- 
tration field also has an influence on the dispersion of those 
pollutants which travel with the sediment. 

We thank Dr T. J. Smith for advice and encouragement. 
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Successive palaeomagnetic 
reversal records from Kauai 


Scott W. Bogue & Robert S. Coe 


Earth Sciences Board, University of California, Santa Cruz, 
California 95064, USA 


Geomagnetic field reversal is a rapid phenomenon’, perhaps 
taking only a few thousand years. Knowledge of how the field 
behaves during these brief and active periods may eventually 
help to constrain theories of the geodynamo and thus inform us 
about conditions in the Earth’s core. Unfortunately, reliable and 
detailed palaeomagnetic records of transitional field behaviour 
are few, almost entirely from Northern Hemisphere sites, and 
heavily biased toward reversals of the reverse-normal (R-N) 
sense. We report here new data from basalts on the island of 
Kauai, Hawaii, which have recorded successive R-N and N-R 
field reversals. The sequences of changing field directions for the 
two reversals are very similar, as would be expected if a standing 
nondipole component controlled the transitional field. The data 
are also consistent with zonal flooding models in which the 
reversal process depends on the sign of the field. Other reversal 
records, however, cannot be explained by these same models 
unless the standing field or flooding process changes between 
some reversals, 

Two simple models of the reversing field have been proposed 
in the past 5 years**. The two involve conceptually different 
source mechanisms and, in their purest forms, make distinct 
predictions of transitional field behaviour. Although it is possi- 
ble that no single process controls transitional fields, we will 
treat these two models as alternative explanations of 
palaeomagnetic records of field reversals. 

Hoffman’s model” of the reversing field is based on the 
notion that the reversal process ‘floods’ through the fluid core 


from a localized zone or point of initiation. The entire dipole 
source remains active, but normal and reverse flux is produced 
simultaneously in different regions. The resulting transitional 
field depends on how the reversal process propagates through 
the dipole source. If the reversal initiates at either of the poles or 
the equatorial zone of the core, essentially axial quadrupolar or 
octupolar fields, respectively, will predominate during the 
middle stages of the reversal process. In these purely axisym- 
metric cases, reversal of the field vector at the Earth’s surface 
occurs by rotation in the north-south vertical plane; the 
equivalent virtual geomagnetic pole (VGP) moves along the 
great cricle defined by the geographical poles and the observer’s 
site. Depending on the sense of the reversal, where in the core 
source region the reversal process initiates, and the hemisphere 
of the observer, the VGP path for the reversal will be ‘near 
sided’ (same longitude as the site) or ‘far sided’ (180° away)°. 

In contrast to the model of Hoffman, which we will refer to as 
the flooding model to emphasize its active character, is the 
standing field model*. The latter is a special case of the long held 
idea’ that, during reversals, the main dipole field diminishes 
greatly while at least parts of the nondipole field do not. In 
particular, the standing field model requires a stationary 
component of the nondipole field to persist unchanged through 
dipole reversals. Palaeomagnetic evidence suggests that the 
dominant part of the nondipole field changes sign with the dipole 
field*’. Thus, the postulated standing field would have to be in 
some sense independent of both the dipole and the rest of the 
nondipole fields. 

In the standing field model, the transitional field at any site is 
the sum of a steady nondipole component plus an axial dipole 
component that changes only in magnitude and sign. As with 
simple cases of the flooding model, the equivalent VGP paths 
are longitudinal great circles. There is, however, no site depen- 
dence of path longitude unless the standing nondipole field 
direction everywhere lies in the north-south vertical plane. 

Hoffman”’ has recently proposed a test to distinguish between 
the flooding and standing field models. The former model 
predicts that, as long as a reversal is initiated at the same zone in 
the core each time, successive reversals will be characterized by 
transitional VGP paths that differ in longitude by 180°. The 
latter predicts identical VGP paths for successive reversals. 
Records of back-to-back reversals thus directly test the two 
models. 

On the island of Kauai, Hawaii (22° N), we have collected 
samples through R-N and N-R transition zones. The thin, 
shield-building basalt flows of the Napali Formation (Fig. 1), 
which record the R-N reversal, have yielded K-Ar ages ranging 
from 4.5 to 5.6 Myr (ref. 11). The thicker, caldera-filling flows of 
the Olokele Formation (Fig. 1) have not been dated, but can be 
shown on geological grounds’” to be synchronous with the upper 
portion of the Napali sequence. The transition zones in the 
Napali and Olokele Formations, however, are at nearly the same 
elevation. In addition, extensive reconnaissance with a portable 
fluxgate magnetometer has shown that all Napali flows exposed 
above the R-N horizon and all Olokele flows below the N-R 
horizon are normally magnetized. It is thus very likely that the 
two transition zones record a back-to-back, R-N-R reversal 
pair from the early Pliocene. 

Equal-area plots of the flow-averaged palaeomagnetic direc- 
tions from the two transition zones are shown in Fig. 2. Seven 
samples per flow were collected, and alternating fields of 100- 
200 Oe reduced substantially any secondary components of 
magnetization that were present. We sampled the R-N tran- 
sition at three widely separated localities (Fig. 1), and the 
sequence shown in Fig. 2a is based on the simplest correlation of 
directions from the three sections. We sampled only a single 
section of the N-R transition because of the thick, horizontal 
character of the caldera basalts. 

Neither transition zone displays an abundance of inter- 
mediate field directions. This lack of detail may be interpreted as 
the result of ill-timed lulls in volcanic activity both times the field 
was reversing. An alternative hypothesis is that the duration of 
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Fig. 1 Map showing outcrop extent of Napali and Olokele 
Formations on Kauai. Dots indicate locations of palaeomagnetic 
sampling sites. 


intermediate field directions was very short. Our observation 
that contacts between flows were almost never marked by 
weathered zones or soil horizons supports the latter idea. In 
addition, the palaeomagnetic results show clearly that the three 
sections across the Napali reversal horizon are not identical, and 
thus that lavas on the flanks of the ancient Kauai volcano were of 
rather local extent. This pattern is entirely consistent with the 
modern eruptive style on the big island of Hawaii. Including the 
Olokele site, therefore, there are a total of four widely separated 
and essentially independent transitional sections that show this 
paucity of distinct intermediate directions. These two lines of 
evidence are mutually consistent, and we tentatively infer that 
the major change in direction occurred extremely rapidly during 
both reversals. 

In spite of the lack of detail, and regardless of its cause, the 
pattern of change in field directions is clear for both transitions 
and is sufficient to apply Hoffman’s”* test. In the R-N transition, 
the field direction remains southerly while shallowing to nearly 
horizontal. A single layer with normal polarity occurs among 
these lower flows. We have examined the anomalous unit and 
are convinced that it is a flow and not a sill; examples of the latter 
are easily recognized on Kauai by their distinctive jointing and 
much greater resistance to weathering. Thus the ancient field 
apparently underwent a rapid ‘flip’ in direction during the 
transition much like those observed in several other detailed 
records'*”"°. The shallow southerly directions are followed by a 
steeply downward directed field vector which subsequently 
shallows to the expected normal field direction. In the N-R 
reversal, the same sequence is seen except in reverse: a steep 
northerly field direction precedes shallow southerly directions. 
Thus, both reversals are characterized by transitional directions 
that lie near the north-south vertical plane or, equivalently, by 
VGP paths that pass near the site. 

At first glance, this site dependence is most naturally 
explained by the zonal flooding model. An awkward compli- 
cation arises, however, because the R-N and N-R paths are so 
nearly identical. Their similarity requires the presumed flooding 
processes for the two reversals to have initiated in opposite 
regions of the core“, More specifically, if the transitional field 
was predominantly octupolar, as is consistent with the very low 
field intensities that have been inferred from other transition 
zones'”"*, then flooding for the R-N reversal would have begun 
at the equator. For the N-R reversal, one is forced to conclude 
that the reversal somehow initiated simultaneously at both 
poles. Similarly, quadrupolar transitional fields require initia- 
tion at the south pole for R-N reversals and at the north pole for 
N-R reversals, 

If generally true, systematic behaviour such as just described 
would mean that the postulated flooding mechanism, and hence 
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the reversal process, depends on the sign of the field. Global 
palaeomagnetic data suggest that statistically significant and 
long-term differences do exist between the morphology and 
stability of normal and reversed geomagnetic fields’’, and thus 
that asymmetry in the reversal process might be allowed. Such 
asymmetry, however, is intuitively unappealing and cannot arise 
directly from the basic dynamo equations”. 

Theoretical considerations aside, it is important to ask 
whether the regularities predicted by the flooding models are 
discernible in the rest of the palaeomagnetic record. Near-sided 
VGP paths seem to predominate in the R-N reversal records 
presently available from Northern Hemisphere sites**°. This 
characteristic is evident in the R-N reversal from Kauai, 
Supporting the general observation. A pattern in the N-R 
records, on the other hand, is not yet apparent. Several N-R 
transition zones from Iceland have been reported”'~**; shallow 
directions with easterly or westerly declinations are common, so 
that VGP paths are not strongly near or far sided. Shallow 
westerly directions are also found in a detailed N-R transition in 
volcanic rocks of the Shigarami Formation, Japan’, Overall, 
however, this record shows the field tending towards far-sided 
behaviour. Two N-R records from California***°, which we will 
discuss in more detail with respect to the standing field model, 
are characterized by intermediate directions which are shallow 
and easterly. The equivalent VGP paths are slightly near sided. 
A pair of VGP paths from Russian sites””*, the only N-R data 
considered in detail in a recent review, are not longitudinally 
confined, but are generally far sided. 

More convincing evidence of far-sided N-R behaviour has 
been found in back-to-back transition zones of Miocene age 
from Crete”, The VGP path for the N-R reversal follows a 
longitudinal path almost exactly 180° from the site. This record 
and that from the Olokele Formation on Kauai represent our 
best examples of site-dependent N-R paths, yet the former is far 
sided and the latter near sided. Thus, the N-R data as a whole 
display no coherent trend and, moreover, the two most clearcut 
records conflict directly. This evidence suggests that, at least for 
the N-R transitions, the flooding mechanism varies considerably 
from one reversal] to the next. 

The similarity of the N-R and R-N reversal records from 
Kauai is easily explained by the standing field model. Reversals 
in the early Pliocene were quite frequent*°, and the Kauai data 
require a standing field that persisted for only a few hundred 
thousand years. Results from two California localities suggest 
that a standing field may persist for a much longer period. 





Fig. 2 a, Equal-area plot of flow-averaged directions from the 
R-N transition zone. Results from three sites in the N apali Forma- 
tion are combined. @ (O) indicate downward (upward) directed 
magnetization vectors. Connecting lines and arrows show the 
stratigraphic order from oldest to youngest flows. Centre of plot 
marked by a plus sign, and ticks indicate 10° intervals. The axial 
dipole direction (asterisk) is shown for comparison. b, Directions 
from the N-R transition zone in the Olokele Formation. 
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Volcanic rocks from Clear Lake, California”*, record inter- 
mediate directions from two N-R reversals that occurred several 
hundred thousand years before the Matuyama—Brunhes tran- 
sition. The VGP’s equivalent to these directions fall right on the 
Matuyama-Brunhes R-N transition path that Hillhouse and 
Cox* found at Lake Tecopa, also in California. Even more 
remarkable is a detailed record of the Gauss~Matuyama tran- 
sition in dry lake sediments from Searles Valley, California’®. 
This reversal, 1.6 Myr earlier still and N-R, also repeats the 
Lake Tecopa path. Note that these three VGP paths-are not 
-strongly near or far sided, the VGPs passing almost 90° to the 
east of the site. Such grossly nonaxisymmetric field behaviour, 
nearly identical for reversals of both senses, can arise only in 
very special cases of the generalized flooding model’. Thus, the 
California results more strongly support the standing field model 
than do the Kauai data. More significantly, the ages of the three 
sites in California imply that the standing field, if that is what 
controlled the transitional fields, remained unchanged for 
several millions of years. 

The back-to-back reversal records from Crete”? again provide 
conflicting evidence. The VGP paths from these two reversals 
differ from one another by 135°. Marine sediments such as those 
now exposed on Crete may not record changing field directions 
as faithfully as rapidly deposited lake sediments or volcanic 
rocks. Nevertheless, it is difficult to dismiss the general features 
of these reversal records, especially the significant longitudinal 
separation of the VGP paths. Unless the standing field can 
occasionally change between reversals or be masked by other 
effects (flooding processes?), the results from Crete cannot be 
reconciled with the standing field model. 

An additional problem is that the concept of standing fields 
has no clear independent basis. Yukutake and Tachinaka”’ 
mathematically divided the historic nondipole field into standing 
and drifting parts. The analysis provided a better description of 
secular variation, but the separation of the field into two parts is 
arbitrary; it allows but is not strong evidence for an actual 
standing field. Moreover, analysis of historical field behaviour is 
not sufficient to demonstrate that a field component can last for 
millions of years as required by the model; such evidence must 
come from palaeomagnetism. The ‘standing fields’ that emerge 
from analyses of global palaeomagnetic data?’ are by definition 
statistical; that is, they represent long-term properties of the 
time-averaged geomagnetic field. Standing fields of the sort 
needed for the reversal model are again allowed, but in no way 
proven, by analysis of the time-averaged field. In short, no 
standing nondipole field capable of controlling transitional fields 
has been observed, palaeomagnetically or otherwise, except by 
inference in some of the transition zone data. 

In conclusion, the similarity of VGP paths in back-to-back 
reversal records from Kauai and in several records from Cali- 
fornia favours the standing field model, according to the test 
proposed by Hoffman!’. Conversely, the large latitudinal 
separation of VGP paths in back-to-back reversal records from 
Crete and the predominance of near-sided VGP paths in the 
available R-N records from the Northern Hemisphere favour 
the zonal flooding model. However, unless the standing field or 
flooding process can change, at least occasionally, from reversal 
to reversal, neither model can explain all of the available 
transition data. It may thus be too simple to assume that a single 
type of transitional field is always present during reversals. 
Furthermore, palaeointensity data we are currently analysing 
for the Kauai R-N reversal suggests that more complex versions 
of these mechanisms may be required to model even a single 
reversal. These results will be discussed elsewhere. 

We thank C. S. Grommé, J. C. Liddicoat and R. T. Merrill for 
helpful comments. This work was supported by NSF grant 
EAR78-12951. 
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Recent studies on marine ferromanganese nodules have 
suggested a relationship between their growth rate and their 
chemical composition’ *. The suggestion is based on the hypo- 
thesis that the metals in nodules have two sources of supply: 
bottom seawater (hydrogenous) and sediment pore water 
(diagenetic)*’. The diagenetic source calls for upward diffusion 
of Mn mobilized in a deeper, low Eh zone of the sediment 
column and its subsequent precipitation in an oxidized surface 
zone’. Addition of the remobilized Mn to surface nodules would 
augment their accretion rate. It would also render the oxide 
layers to contain higher Mn/Fe ratios than layers resulting from 
hydrogenous precipitation. We report here a radiometrically 
determined accretion rate of 168+ 24 mm Myr“ for a deep-sea 
manganese nodule from the Peru Basin in the Pacific. This rate 
is about two orders of magnitude higher than that frequently 
found in nodules of deep-sea origin, and emphasizes the 
importance of sediment diagenetic processes on the growth of 
manganese concretions. 

When compared with their open-ocean counterparts, 
manganese deposits from shallow-water, continental margin 
environments commonly show growth rates that are three or 
more orders of magnitude faster (1-10 mm kyr™ compared 
with 1-10 mm Myr™’), and Mn/Fe ratios that are generally 
higher, although with large variations (0.5-50 compared with 
=J) (refs 5-9). Aside from the distance involved in the 
continental runoff supply of metals, such contrasts have 
generally been held to reflect the preponderance of the afore- 
mentioned one source of Mn over the other. That is, nearshore 
nodules are principally of diagenetic origin whereas pelagic 
nodules are hydrogenous”’° '*. However, we intend to assert 
here that the above: is not meant to be a dichotomy between 
nodule growth in shallow marine and in deep abyssal sedimen- 
tation regimes. Although the Eh-controlled diagenetic reac- 
tions should depend geographically on surface productivity and 
sedimentation rate, nodules of deep-ocean occurrence may 
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Fig. 1 Plots of °°Th/?**Th and 7?’Th (as 7*'Pa)/?°°Th activity 

ratios as a function of depth in nodule 278 DK. The mean accretion 

rates (@, V = 173+25 mm Myr”, @, V=162+40mm Myr~') 

shown are determined from the weighted least-square fits (solid 

lines). Half lives used are 75,200 yr and 34,300 yr for 7°°Th and 
aid respectively. 


themselves exhibit, as manifestations of regional variations in 
diagenetic influence, a range of Mn/Fe and accretion rate 
values. 

As Halbach and his co-workers pointed out 7'*, there is a 
south-to-north increasing trend in the Mn/Fe ratio of nodules in 
the Peru Basin, south-east Pacific (the ‘Sonne Basin’) suggestive 
of a rising influence of diagenetic supply of Mn towards the 
north, which lies near the equatorial region of high surface 
biological productivity. Halbach et al.’ estimated that nodules in 
this northern region grow at a rate of >60mm Myr“, as 
opposed to rates of a few mm Myr” in the south. However, 
these estimates are very uncertain as they are based on 
extrapolation of the crude relationship between Mn/Fe and 
growth rate obtained by Heye and Marchig’. 

We have determined the accretion rate of a nodule from the 
northern part of the basin using U and Th series isotopes. The 
specimen (sample 278 DK) is a large, spheroidal nodule ~15 cm 
in diameter. It was retrieved from 4,240 m water depth at 
7°40.0' S and 91°S9.5’ W during cruise SO 11/1 of the german 
RV Sonne. Its high Mn/Fe ratio «60 (Table 1) and its botry- 
oidal, highly-mammillated constitution conform with the Hal- 
bach’*"* Ac type nodule, the formation of which they describe 
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as being largely influenced by sediment diagenesis near the sea 
floor. Each mammillae consists of alternate compact and porous 
laminations ranging in thickness from 1 to 7 mm. 

We have measured U and Th series isotopes in nine oxide 
layers from surface to 25.5 mm inward, and in sediments 
attached to the nodule surface. After total acid dissolution of the 
samples, we measured ***U, +U, *’Th and **°Th using pro- 
cedures similar to those of Ku and Broecker", The isotope **'Pa 
was measured through its granddaughter *”’Th, assuming the 
two are in secular equilibrium. Results are presented in Table 1. 

The isotopes found in nodule layers have three possible 
sources: seawater, pore water and detrital sediment included in 
the oxides. (No active volcanic activity exists in this part of the 
ocean floor; thus direct precipitation from hydrothermal solu- 
tion as a source can be discounted.) From their Al-Si contents 
(Al <0.8%, Si <3%), the oxide layers seem to include <10% by 
weight of detrital sediment. 

The nodule material contains two to three times more U than 
the associated sediment, indicating that most of their U isotopes 
come from seawater and/or pore water. Data on the U PU 
ratio (Table 1) are consistent with this assessment. This ratio in 
seawater, pore water and deep-sea sediment has been reported 
as, respectively, 1.14, 1.17~1.23, and <1.00 (refs 16-19). For 
the other isotopes: **’Th, *°°Th, and 7*'Pa (?’Th), all three 
sources may have contributed to their presence in the oxide 
layers. Unlike U, evidence for the possible contribution of the 
Th isotopes from detrital sediment source includes that 2*?Th in 
the sediment is about an order of magnitude higher than in the 
oxides, and that **°Th/**’Th ratios in the surface layers and in 
the sediment are similar (Table 2). Although little is known 
about the Th and Pa isotopes in pore fluid, Moore et al.” have 
shown the supply of **'Pa and “°°Th from this source to the 
bottom face of a nodule. According to them, a preferential loss 
of **’Pa relative to **°Th from the sediment to its pore fluid may 
occur. The **’Th/?*’Th ratio of 0.11 measured for the outermost 
layer of nodule 278 DK as compared with the ratio of 0.07 for 
the associated sediment (Table 2) accords with this possibility. 

The accretion rate of 278 DK can be estimated from the rate 
of decrease of excess Th (?°Th.,) Tj. = 75.2 kyr and/or Pa 
(*"'Pa..) tr. = 34.3 kyr in the nodule. The use of 2°°Th,,/2??Th 
and **'Pa.,/?*’Th,, activity ratios is preferred to the use of 
specific activities (for example, d.p.m. **°Th,, per gramme of 
nodule material), in view of the nodule’s textural variations. 
Indeed, the considerable variation of the *°Th specific activities 
with depth (Table 1) is largely removed when normalized against 
those of **°Th and *?’Th (??Pa) (Table 2). 

The sedimentary source for U is unimportant and the uranium 
precipitated from seawater or pore water is assumed to carry 
little or no **°Th and ***Pa. Thus the U-supported 2°°Th and 
Pa should be nil when deposited and increase towards secular 
equilibrium with uranium at depth. The rate of increase of these 
U-supported **°Th and *°'Pa, as well as the rate of decrease of 
Thx and **'Pa,, mentioned above, depends on the accretion 
rate and the decay constants involved. Using an iterative pro- 
cedure analogous to that of Koide et al.” for the sediment 77°Ra 
geochronology, we calculate the *°Th../?’Th and 


Table 1 Chemical and radiochemical data for nodule 278 DK and associated sediment 


Depth interval R 732TH 

(mm) (d.p.m. g') sas a (d.p.m. g`’) 

0-0.5 3.32+0.16 1.09+0.05 0.280+0.017 
1.3-4.0 4.35+0.21 1.14+0.06 0.240+0.012 
4.9-5.0 4.35+0.25 1.08 + 0.06 0.350+0.024 
5.0-12.5 4.97+0.24 1.08 + 0.05 0.427+0.021 
12.5-13.5 2,90+0.13 1.17+0.06 0.700 +.0.042 
15.5~19.5 2.87+0.14 1.12+0.06 0.384 + 0.022 
21.5-25.5 3.32+0.16 1.120,06 0.190+0.013 
Sediment 1.27+0.08 1.04+0.06 2.01+0.12 


Errors quoted are based on counting statistics. 


* Atomic absorption. 


Th i «= + Bet Mn* 
(d.p.m. g7’) (dpmg') (%) (%) 
14.5+0.7 1.60£0.13 0.58 41.1 
12.9+0.6 0.97+0.08 0.72 41.6 
15.0+0.9 0.90+0.09 | 0.64 45.0 | 
18.0+0.9 0.84 0.06 0.56 55.2 
23.1413 0.97 £0.08 158 39.1 
9.8+0.5 0.35+0.03 0.64 42.4 
5.2+0.3 0.16 +0.02 0.72 36.2 
105+6 


7.0+0.6 


anne 


4 





Nature Vol. 295 4 February 1982 








2h (232 227 231 (232 227 
Table 2 Tha th, * Th, (os raf in, and: Th... 
231 23 b 
Pa.,/*°’ Th., ratios 








Depth 

interval | 

(mm) Th Th Thiel a Tal T 

0-0.5 51.6+3.1 5.69 +0.47 0.110+ 0.011 
1.3-4.0 §1.4+2.7 3.84+0.35 0.075 +0.008 
4.9-5.0 40.0+2.9 2.33+0.28 0.058+0.008 
5.0-12.5 37.8+2.1 1.64+0.15 0.043 +0.005 
12.5-13.5 30.9+ 2.0 1.25+0.12 0.040+0.005 
15.5-19.5 21.0+1.5 0.64+0.08 0.030+0.004 
21.5-25.5 14.9+2.2 0.16+0.12 0.011+0.008 
Sediment §1.6+3.2 3.45+0.32 0.067 + 0.009 





Ratios were calculated using an iterative procedure analogous to that 
of Koide et al.’ for nodule 278 DK and associated sediment. 


*’Th.,/**’Th,, values corresponding to their respective least- 
squares fits for an exponentially decreasing function with depth. 
These values are listed in Table 2 and plotted in Fig. 1. The 
slopes of the fits give accretion rates estimated for the nodule: 
173+25mm Myr™ from the **°Th,,/***Th plots and 162+ 
40 mm Myr” from the **’Th,,/?*°Th,, plots. 

Such rapid accumulation rates have been radiometrically 
determined for the ridge-hydrothermal and shallow-water 
manganese deposits’****. This is the first determination for a 
manganese nodule of deep-water origin. Our results support the 
concept that diagnetic remobilization of Mn in sediment column 
could significantly affect the growth of manganese nodules at the 
sediment-water interface’. 

Preliminary results on a nodule from the southern part of the 
basin show a slow growth rate of 4.5mm Myr ' and a ratio 
Mn/Fe of about 3. The trend is that nodules largely have a 
diagenetic origin (278 DK type) in the north and are hydro- 
genous in the south as deduced from their Mn/Fe ratio’, the two 
processes may Occur concurrently in intermediate areas. From 
these data we could expect slow precipitation from bottom sea 
water, plus, depending on the ambient oxidation potential, or 
thickness of the surface oxic layer of the sediment, a more or less 
important diagenetic contribution, resulting in variable growth 
rates ranging from millimetres to hundred of millimetres per 
million years. Work in progress should elucidate the relation- 
ships between the growth rate and composition of nodules and 
the oxidative characteristics of their sediment substrates in the 
Peru Basin. 

We thank Dr R. Fellerer, Chief scientist of the cruise SOII in 
the Peru Basin, J. Labeyrie for his encouragement, C. Lalou for 
helpful discussions, C. A. Huh for assistance in the computer 
calculation, and J. Devineau for technical assistance. Labora- 
tory studies were funded by the French CEA, CNRS and the 
NSF grant OCE81.00662. 
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Stromatolites are organosedimentary structures produced by 
microorganisms which have been used extensively in the inter- 
pretation of Precambrian and, to a lesser extent, Phanerozoic 
history“. Modern stromatolites are generally restricted to hot 
springs or warm, hypersaline and/or alkaline aquatic environ- 
ments’. Recently, however, we documented‘ the presence of 
modern stromatolites in several cold, perennially ice-covered 
Antarctic dry valley lakes. Here, we report a finding in Lake 
Fryxell, Antarctica, of biogenic calcite structures not observed 
in our previous study of other Antarctic lakes. These structures 
were laminated, indurate, unbranched, and had either a vertical 
or horizontal orientation. We infer that these calcite structures 
are biogenic in origin, and hence stromatolitic based on the 
following evidence: (1) the presence of an actively metabolizing 
algal mat on their surface; and (2) an internal composition of 
filamentous blue-green algal cell wall fragments, diatom frus- 
tules and calcite crystals. 

Lake Fryxell (77°37' S, 163°07' E) is located at the eastern 
end of Taylor Valley in southern Victoria Land, Antarctica (see 
Table 1 for physicochemical features). It is 16 m above sea level, 
20 m deep, 5.2 km long, 1.7 km wide and has a surface area of 
5.4 km’. This latitude receives approximately 4 months each of 
sunlight, twilight and darkness. The perennial 4—5-m_ thick 
ice-cover of Lake Fryxell overlies ~15 m of water <4°C and 
allows penetration of <2% of the incident photosynthetically 





Fig. 1 Typical vertical calcite (determined by X-ray diffraction) 
structure collected from beneath 0.2-1.0 cm of actively metaboliz- 
ing algal mat at a depth of ~7 m, Lake Fryxell, Antarctica. 
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Table 1 Selection of physical and chemical variables of Lake Fryxell on 28 December 1980 


eee 


Depth Temperature %o O; CO, 
(m) (°C) Transmission* (mgl ') (mg! ') 
5 1.1 1.41 23.5 14.1 

6 2.0 1.31 
7 2.8 0.81 37.0 19.4 
8 3.2 0.62 10.7 66.0 
8.5 3.6 0.46 4.1 91.5 
8.75 3.7 0.41 2.3 88.9 
9 3.8 0.30 86.2 
10 3.8 0.08 0 135.5 
11 3.8 0.02 
12 3.7 0.01 0 207.7 
13 3.7 0.005 
14 3.7 0.003 
15 3.4 0) 0 240.2 
16 3.2 0 
17 3.0 0 
18 2.8 0 


Specific 
Alkalinity Ca Mg conductance 
(mequiv. | `) (mg! ') (mg! ') pH (uS cm‘) 
6.74 29 17 TS 1,200 
21, 77 40, 129 1,370 
7.7 2,520 
31 124 Ta 3,320 
19.52 7.3 3,720 
7.4 3,930 
25.84 7.4 4,280 
35 184 7.4 4,300 
5,200 
31, 33 284, 229 7.4 5,800 
6,300 
6,900 
43 311 Fu 7,200 
27 331 7,400 
7,700 
7,900 


Calcium and magnesium data are from ref. 16, first no. and ref. 17, second no. a 
* Per cent transmission of surface photosynthetically active radiation (400-700 nm wavelength light) through ice and water at depth indicated. 


active radiation (400-700 nm wavelength) during the austral 
summer. The ice cover also prevents free exchange of gases with 
the atmosphere, wind-generated turbulence and internal mixing 
of the lake water. This is exemplified by oxygen supersaturation 
in the upper few metres of the water column, descending to 
anaerobic conditions below 10m. The lake lacks outflowing 
streams, and receives sediment, salts and nutrients from glacial 
meltstreams during the austral summer. 

During the 1980-81 austral summer we melted two dive holes 
through the ice-cover of Lake Fryxell and SCUBA divers 
observed and photographed the sub-ice environment. Benthic 
cores collected at a water depth of 7-9 m revealed that the upper 
mat layer (0.2-1.0 cm thick) contained actively metabolizing 
organisms. Metabolic activity was inferred from microscopic 
examination of motile blue-green algal filaments and diatoms in 
the mat, isolation of viable microorganisms, and from 
measurements of photosynthetic pigments, ATP and ““C pri- 
mary productivity. This top layer of mat consisted primarily of 
the blue-green alga Phormidium frigidum Fritsch, pennate dia- 
toms (for example, Navicula sp., Caloneis sp.) and heterotro- 
phic bacteria. Below this layer were alternating bands of 
organic-rich and sediment-rich layers to a depth of ~50 cm. Five 
organic layers, isolated from 7-32 cm in the sediment, had an 
average Organic matter content of 8.7%. These organic and 
sediment laminations are similar to the Antarctic stromatolites 
previously reported by Parker et al.°. Embedded within these 
sediments were discrete structures composed of calcite (Fig. 1). 





Fig. 2 Photograph of the benthos at a depth of ~7 m showing 

surface morphology of living algal mat in which trapped photosyn- 

thetically produced oxygen has induced lift-off from the substrate 
(maximum vertical relief, ~10 cm). 


These calcite structures were laminated, indurate and un- 
branched and had developed either a vertical or horizontal 
orientation. The vertical structures (1-5 cm in diameter, 1- 
10cm long) were usually hollow, terete and covered by a 
0.2-1.0-cm thick layer of algal mat (Fig. 2). At a depth of 
> 50 cm in the sediment was a stratiform layer of calcite ~5 mm 
thick. Microscopic examination of these structures revealed 
diatom frustules and filamentous blue-green algal cell wall 
fragments ~ 1-2 um diameter, the latter resembling filaments of 
Phormidium. 

The vertical calcite structures in Lake Fryxell apparently 
result from the growth of the algal mat in dimly-lit, shallow, 
non-turbulent water. Austral summer photosynthetic produc- 
tion of O, causes gas bubbles to be trapped within the sticky 
mucilaginous algal mat matrix and initiates a vertical growth 
habit’. In other Antarctic lakes observed, buoyant forces 
sometimes tear the mat matrix, and the algal mat detaches 
completely from the substrate’”’*. However, in Lake Fryxell, 
much of the gas-charged mat is stabilized by the precipitated 
calcite and does not tear loose from the substrate. The hollow 
nature of the structures suggests that calcite precipitation 
follows the orientation of the growing mat. 

The vertical structures in Lake Fryxell closely resemble some 
of the calcite-impregnated defluidization structures recently 
reported from Mono Lake, California’*. However, in contrast to 
the Mono Lake structures, which were considered to be formed 
by physicochemical carbonate deposition, the Antarctic struc- 
tures seem to be primarily the result of algal activity. The 
horizontal structures are formed either at greater depth in the 
sediment where no light is available for photosynthesis or at 
depths where photosynthetic activity is insufficient to accumu- 
late trapped oxygen, which results in a flat mat growth habit. 

Several unique biological, physical and chemical features of 
Lake Fryxell produce and preserve these stromatolitic struc- 
tures’. (1) While a few tardigrades, rotifers and nematodes 
inhabit the algal mats in the shallow peripheral margins of the 
lake, major burrowing and browsing organisms (such as clado- 
cerans, copepods, annelids, gastropods, insect larvae and fish) 
are entirely absent’’, leaving these mats essentially undisturbed 
by metazoans. (2) Sediment influx to the lake consists of periodic 
influxes of glacial meltstreams which flow at most 10-12 weeks 
of the austral summer, contributing insufficient sediment to 
obliterate the mats. (3) Except for localized mixing of lake water 
near glacial meltstream deltas, no internal mixing of lake water 
occurs which prevents disturbance of existing sediments. (4) 
Low temperatures and a paucity of metabolically active bacteria 
possibly slow the decomposition of organic matter. (5) Sufficient 
calcium and dissolved carbonate’®'’ are available for the bio- 
genic calcite precipitation”. 
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‘These Antarctic stromatolites may resemble ancient 
permanently submerged stromatolites of the Precambrian 
era“? . Because of low light intensities, lack of water turbulence 
and absence of burrowing and/or grazing metazoans, the 
benthos of Lake Fryxell may simulate some of the conditions 
that occurred in Precambrian deep subtidal marine or lacustrine 
environments which were dominated by stromatolite-forming 
microorganisms’. Thus, Lake Fryxell is an unusual habitat 
where modern stromatolites are forming, and further investiga- 
tion may provide insight into the palaeoecology of Precambrian 
stromatolites. 

This research was supported by the NSF’s Division of Polar 
Programs grant DPP-80-12988. We thank D. Andersen and A. 
Vass for their diving efforts, I. Farrance and D. Griffiths for field 
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Adult fruit flies and Drosophila larvae have very different 
bodies and behaviour patterns. The question therefore arises: 
how much reorganization does the brain undergo during pupa- 
tion? Some apparent shape changes have been documented, for 
example, the growth of the optic lobes and the separation of the 
prothoracic and suboesophageal ganglia’. In the central brain, 
the issue is less clear. Most neurone cell bodies persist through 
metamorphosis’, and the general shape of certain neuropil 
regions is conserved. However an identified motoneurone in 
another holometabolous insect (Manduca) has been shown to 
change its dendritic arborization patterns during pupation*. 
Here we report that the mushroom body, a major neuropil area 
in the insect brain, is extensively reorganized during pupation 
(that is, many of the intrinsic fibres are broken down and made 
anew). This reorganization is cryptic—the overall morphology 
of the mushroom body is apparently constant throughout pupa- 
tion. We have now studied this reorganization by examining two 
mutations (mbd, mud) which cause derangement of this struc- 
ture during metamorphosis, and we report that this reor- 
ganization is one of the most extensive yet found in insect 
metamorphosis. . 


As in most arthropods, the mushroom bodies of Drosophila 
are two conspicuous substructures of the median protocerebrum 
arranged in mirror symmetry to the saggital midplane. The 
numerous, relatively small cell bodies of their intrinsic neurones 
(Kenyon cells) are situated in the posterior dorsal cortex. The 
calyx is formed by postsynaptic glomerulus-like arborizations of 
the Kenyon cell fibres and by collaterals of the antennal 
glomerular tract (AGT) as presynaptic elements. From there, 
the Kenyon cell axons grow as a large bundle—the peduncle— 
from back to front through the whole brain on either side of the 
central complex. Near the anterior margin of the neuropil, most 
of the axons divide, sending one branch towards the midplane 
(B-, y-lobes), the other one upwards (a-lobe). Thus the whole 
stalk system consists of three arms (peduncle, a-lobe, B-, y- 
lobes) oriented roughly parallel to the three main axes of the 
fly’. It is this bizarre shape which makes the mushroom bodies 
already well discernible in the brain of the early first instar larva, 
where they are found in the same position and orientation as in 
the imago. Thus, at first sight, mushroom body development 
seems to imply no more than the addition of Kenyon cells and 
the elongation of their axons with the growth of the surrounding 
central brain neuropil. 

Recently several mutants altering the morphology of the 
mushroom bodies have been described®. In two of them 
(mushroom bodies deranged*®®, mbd and mushroom body 
defect*S**, mud) the lobe and stalk system of the mushroom 
bodies is missing (not always completely in the case of mbd) and 
the calyces are enlarged. We noticed, to our surprise, that these 
mutant phenotypes occur only in the imago (Fig. 2). In the late 
third instar mutant larvae, the mushroom bodies have the same 
shape as in wild-type flies (Fig. 3). Twenty hours after puparium 
formation their neuropil is more or less completely degraded. 
Apparently, the newly growing ‘imaginal’ Kenyon cell axons fail 
to find their normal way through the central brain neuropil and 
remain at the site of the calyces, causing abnormal enlargement 
of these structures. Cell proliferation in the mushroom body 
cortex still seems to be normal in mbd (increased in mud). In 
these mutants, as in wild-type flies, neuroblasts are no longer 
detectable 3 days after puparium formation. 

Replacement of larval Kenyon cell fibres is not a peculiarity of 
the mutants. A similar process occurs in wild-type individuals as 
well; apparently, only the course of newly growing ‘imaginal’ 
fibres is altered in the mutants. This reorganization of the 
wild-type mushroom body neuropil is documented by the 
following data. 

Figure 1 shows for wild-type Berlin flies the number of 
Kenyon cell axons in the caudal peduncle, as a function of time 
measured from egg hatching. Counts were taken from electron 
micrographs of cross-sections through the peduncle, a few 
micrometres anterior to the calyx. The number of axons 
increases from about 300 in the first instar larva to about 2,100 
in the late third instar larva. At the time of puparium formation, 
the number of axons drops abruptly. Already 12 h later, it is 
reduced by about 40%. From then on, it increases again until it 
reaches the imaginal level (2,200 fibres). From Golgi pre- 
parations of adult Drosophila, we know that Kenyon cell axons 
in the caudal peduncle have no ramifications, which could have 
contributed to the total cross-sectional count (K. F. Fischbach, 
personal communication). In electron micrographs of a series of 
longitudinal sections through the late larval peduncle, we found 
few ramifications (possibly belonging to extrinsic elements), 
implying that among the larval Kenyon cells as well, collaterals 
must be rare or even missing in this part of the mushroom 
bodies. Therefore we believe that the decrease of fibres in the 
peduncle of the early wild-type pupa reflects degeneration of 
whole larval axons rather than collaterals. The fact that Kenyon 
cell axons degenerate in the mutants supports this conclusion. 
Note that this is contrary to the situation of the motoneurone in 
Manduca‘ where the axon is maintained. 

We have no data on whether extrinsic elements are included 
in this process. However, we assume that, in the peduncle, these 
constitute only a small minority of the profiles. In the late larval 
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stage the total number of profiles in the caudal peduncle is very 
close to that of Kenyon cell bodies. Hardly any tangential 
elements are observed which could be interpreted as penetrating 
extrinsic fibres or ramifications of them. Golgi preparations 
from adult flies rarely show extrinsic elements or specializations 
of intrinsic fibres in this part of the mushroom bodies. Finally, in 
the larva as well as the adult, cross-sections from different levels 
of the peduncle (except for the part close to the lobes) do not 
vary by more than 5-10% in their total number of profiles. Thus 
extrinsic elements appear to contribute little to the effect 
observed. 

The cell bodies of the larval Kenyon cells remain alive: a 
staining procedure which clearly marks degenerated material 
(Mallory’s solution of azur II and methylene blue applied to 
l um plastic sections) shows no sign of degeneration in the 
mushroom body cortex at any developmental stage in either wild 
type or the mutant mòd. This is confirmed by the fact that the 
number of Kenyon cell bodies does not decrease during the time 
of fibre reduction (Fig. 1). In the pupal stage, addition of new 
cells to the mushroom body cortex is much less than the number 
of new ‘imaginal’ fibres, implying that at least part of these fibres 
belong to regenerating Kenyon cells. Presumably, sprouting of 
new fibres continues while larval fibres are degenerating. In fact, 
scattered profiles of groups of extremely thin fibres, which may 
represent filipodia of growing axons are found throughout the 


degeneration period. Thus, loss of larval Kenyon cell axons 
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Fig. 2 Cross-section through the 
peduncle of a, 7-day-old wild-type 
imago; b, an imago of the mutant 
mushroom bodies deranged****. In 
flies of this mutant, the number of 
Kenyon cell fibres (here ~250) 
forming the peduncle is variable, 
while in most flies of the mutant 
mushroom body defect**®* pedun- 
cles are not detectable. x3,599. 
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Fig. 1 Total number of Kenyon 
Total no. cell axons (including extrinsic ele- 
: ” of fibres ments) in the caudal peduncle of 
wild-type Drosophila (for plane of 
section see inset) as a function of 
developmental time starting at 
eclosion (zero time). Cell fibres are 
shown as open circles and cell bodies 
(relative counts) as triangles. 
Whereas the fibres of larval Kenyon 
cells degenerate within the first 
hours of pupal life, their cell bodies 
remain alive. The dash and dash-dot 
lines represent the hypothetical 
larval and imaginal fibre portions. 
The curves are based on the 
assumption that the bundle of 
(~500) thin fibres positioned 
centrally in the stalk system contains 
the only larval fibres which remain 
throughout metamorphosis. 
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probably by far exceeds 40% (Fig. 1). 

The degenerating neuropil shows typical histological alter- 
ations? (Fig. 4) in all parts of the mushroom bodies. Axons have 
short, swollen segments containing electron-dense granules 
(presumably glycogen), lamellar bodies and an increased 
number of vesicular components (Fig. 4c). Ramifications of glial 
cells in this area are drastically enlarged. They are filled with 
osmiophilic material and axon fragments, which suggests their 
active role in the degeneration process (Fig. 44). Twenty hours 
after puparium formation, the histological signs of degeneration 
have already disappeared. 

The misrouting of the mutant Kenyon cell axons during 
metamorphosis is not yet understood. In larvae and early pupae 
of wild-type flies we find a bundle of very thin fibres located 
centrally in the peduncle and 6-lobe which never shows any 
histological signs of degeneration (Figs 3a, 4a). In the mutant 
mbd this bundle is frequently missing. If the frequency of this 
larval defect correlates with the expressivity of the mbd pheno- 
type in the adult, the role of this bundle may be seen as a guide 
for the ingrowing ‘imaginal’ fibres. (In the mutant mud, cross- 
sectional profiles in the larval peduncle are doubled in number 
and are small and uniform in diameter. No special bundle can be 
detected.) 

Since experiments with the mutant mbd strongly suggest that 
the mushroom bodies participate in the evaluation of odors {M. 
Heisenberg, unpublished), it is tempting to speculate about the 
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Fig. 3 Cross-section through the 
caudal peduncle of a, late third instar 
larva of wild type. Note centrally 
positioned bundle of very thin fibres 
(encircled by dotted line); b, late 
third instar larva of mutant 
mushroom bodies deranged***, 
During larval life the mushroom 
bodies have the normal shape. 
However, in many peduncles, the 
bundle of thin fibres is missing. 
x3,245. 
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Fig. 4 a, Cross-section through the 
caudal peduncle of wild-type fly 12 h 
after puparium formation. 3,658. 
With the exception of the centrally 
positioned bundle of small fibres 
(encircled by dotted line), mushroom 
body neuropil shows typical signs of 
degeneration. b, Enlarged active 
glial element enclosing osmiophilic 
material and axon fragments. 
x8,184. c, Swollen axons with 
lamellar bodies, dark granules 
(possibly glycogen) and an increased 
amount of membrane-bound vesi- 
cles. 8,184. 


functional implications of the reorganization. During pupation, 
olfactory sense organs are completely demolished and replaced. 
The AGT fibres must form new connections with the antennal 
olfactory fibres and this possibly requires new connections 
between AGT fibres and Kenyon cells as well. Thus, the reor- 
ganization of the mushroom bodies may be directly related to 
the reorganization in the periphery. On the other hand, the 
presumed different synaptic contacts of the Kenyon cells may 
also be related to the different ‘meaning’ some odours have for 
larva and imago”. 

The reorganization of the mushroom bodies is the most 
extensive neuronal rewiring during metamorphosis found to 
date. We do not yet know whether it is characteristic of 
mushroom bodies in other insects, or whether other insect brain 
areas are also reorganized in such a wholesale manner. 

We thank N. J. Strausfeld, J. R. Wolff and F.-W. Schürmann 
for valuable suggestions, W. G. Quinn and K. F. Fischbach for 
critical comments on the manuscript, and Mrs S. Newkirk for 
correcting the English. This work was supported by a grant from 
Deutsche Forschungsgemeinschaft to M.H. 


Received 21 July; accepted 18 November 1981. 


l. Power, M. E. J. Morph. 91, 389-411 (1952). 

2. Hertweck, H. Zeitschr. wiss. Zool, 139, 559-663 (1931). 

3. White, K. & Kankel, D. R. Dev! Biol. 65, 296-321 (1978), 

4. Truman, J. W. & Reiss, S. E. Science 192, 477-479 (1976) 

5. Power, M. E. J. Morph. 72, 517-559 (1943). 

6. Heisenberg, M. in Development and Neurobiology of Drosophila (eds Siddiqi, Q. er al.) 
373-390 (Plenum, New York, 1980). 

7. Strausfeld, N. J. Atlas of an Insect Brain (Springer, Berlin, 1976). 

8. Schürmann, F. W, in Neuroanatomical Technics (eds Strausfeld, N. J. & Miller, T. A.) 
265-284 (Springer, Berlin, 1980), 

9. Rodrigues, V. in Development and Neurobiology of Drosophila (eds Siddiqi, Q. et al) 
361-371 (Plenum, New York, 1980). 


4 
Any 
s : r A , 
‘4, an, Bey hes . 
ia Aa 


te Nas 


Miss 
> 


WAD 
«y y 
` ; 
«hy 






Co-occurrence of substance P-like 
and Leu-enkephalin-like 
immunoreactivities in neurones 
and fibres of avian nervous system 
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Department of Neurobiology and Behavior, State University of New 
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Neuropeptides are frequently found in neurones that also 
contain another putative transmitter substance such as a bio- 
genic amine or acetylcholine’. Such co-existence has led to the 
suggestion that the roles of neuropeptides in the nervous system 
may be diverse and may in some systems include a part in 
conventional neurotransmission as well as an ancillary, or 
modulatory, role. Recently, several studies have noted the 
co-occurrence of two peptides within individual neurones of 
localized regions of the mammalian nervous system“ ”. Here, we 
present the first evidence, based on an indirect immunofiuores- 
cence technique allowing the simultaneous visualization of 
separate tissue antigens, that substance P (SP) and Leu-enke- 
phalin (L-Enk) co-occur within individual neurones of wide- 
spread regions of the avian central nervous system. 
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The most widely used**''” immunohistochemical technique 
for double-label experiments has been the elution technique of 
Tramu et al.'". However, this technique requires comparisons of 
the photographic record of individual neurones following stain- 
ing for each antigen (according to the indirect immunofluores- 
cence method of Coons'') to determine whether any neurone 
has stained for the presence of both antigens. (An alternative 
technique involves the comparison of individual neurones in 
adjacent thin sections (10 um) which have been processed 
separately for the presence of the two given substances'**’.) In 
the present approach, immunoreactivity of two separate tissue 
antigens was visualized simultaneously by using non-cross- 
reactive primary antisera for SP and L-Enk and two distinct 
secondary antisera, each of which was specific for only one of the 
two primary antisera (see Fig. 1 legend). Furthermore, because 
the terminal fluorescent markers for each tissue antigen were 
distinct fluorophores, fluorescein isothiocyanate (FITC) and 
tetramethylrhodamine isothiocyanate (TRITC), the location of 
each antigen could be readily determined. The tissue was 
examined for the two fluorophores using a Leitz epi-illumina- 


Fig.1 Photomicrographs of an ICo neurone taken using an N cube (a) and 
an I cube (4) (note that different labelled fibres are seen through the two 
different cubes). This neurone showed TRITC (a) and FITC (b` fluores- 
cence, indicating that the neurone stained for the presence of both a 
l.-Enk-like substance (a) and a SP-like substance (b). The L-Enk antiserum 
(supplied by Dr K.-J. Chang, Wellcome) used was raised in rabbit while the 
monoclonal SP antiserum (Sera-Lab) used was raised in tissue culture from 
rat spleen hybridoma. To stain for the presence of the L-Enk and SP 
antisera, respectively, a goat anti-rabbit IgG conjugated to TRITC (Cappel) 
and a goat anti-rat IgG conjugated to FITC (Cappel) were used. As neither 
primary antiserum cross-reacts with either the other primary antiserum or 
the antigen against which the other primary antiserum is directed and as 
neither secondary antiserum cross-reacts with either the other secondary 
antiserum Or the primary antigen against which the other secondary 
antiserum is directed, it proved possible to stain neural tissue simultaneously 
for the presence of both antigens 
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Fig.2 Emission spectra of neurones |-' "ad with FITC- and/or TRITC- 
conjugated antisera. Although the wave ngth bandpass characteristics of 
the N cube ensured that FITC fluorescence was not detectable while the 
tissue was being examined using this cube, TRITC fluorescence was observ- 
able through the I cube. Nonetheless, because the TRITC fluorescence seen 
through the I cube is discernibly reddish while FITC fluorescence is greenish- 
yellow, true FITC fluorescence can be distinguished from TRITC ‘break- 
through’. However, microspectrophotometry (using a Leitz MPV-2 with a 
B-60 Veril motor-driven filter with output recorded on an HP 2000-A x-y 
recorder) was used to confirm that individual neurones appearing to show 
both FITC and TRITC fluorescence did indeed show peak emissions through 
the N and I cubes at the wavelengths characteristic of TRITC and FITC, 
respectively. a Shows the spectral emission of a neurone from control series 
2 (see text) that showed only FITC labelling (solid line represents emission 
spectrum through I cube, dashed line represents emission spectrum through 
N cube). The small emission recorded through the N cube represents 
nonspecific background binding of the anti-rabbit IgG-conjugated TRITC. b 
Shows the spectral emission of a neurone from control series 3 that showed 
only TRITC labelling. Note that the peak recorded through the I cube is 
somewhat displaced to the right of the FITC wavelength peak seen in a. This 
peak represents TRITC breakthrough on the I cube and, as can be seen, has 
its maximum amplitude in the red range. c Shows the emission spectra of the 
double-labelled ICo neurone shown in Fig. 1. Note that this neurone shows 
an emission maximum through the N cube at the TRITC peak (see 6) and an 
emission maximum through the I cube at the FITC peak (see a). The 
gradations along the y-axis represent an arbitrary scale designed to aid 
comparisons of the intensity of emission at different wavelengths (x-axis) for 
different cells. 
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tion fluorescence microscopy system in conjunction with an ‘I’ 
cube for FITC and an ‘N’ cube for TRITC (Fig. 2). Control tissue 
incubations were carried out to confirm the specificity of the 
individual primary and secondary antisera. 

Details of the immunohistochemical procedures used have 
been described elsewhere'*'*. Tissue incubations were carried 
out in a primary antisera ‘cocktail’ consisting of both SP and 
L-Enk antisera at 1:1,000 dilutions; subsequently, the tissue 
was incubated in a secondary antisera cocktail consisting of 
anti-rabbit IgG-conjugated TRITC at a 1 : 30 dilution and anti- 
rat IgG-conjugated FITC at a 1:50 dilution. In some cases, 
three further series of sections from a given animal were run 
through separate control procedures: (1) incubation in a SP/L- 
Enk primary antisera cocktail that also contained synthetic SP 
and L-Enk, (2) incubation only in SP primary antiserum, and (3) 
incubation only in L-Enk primary antiserum. All three series of 
sections were subsequently incubated in the above described 
secondary antisera cocktail. The results of these control pro- 
cedures were consistent from case to case. In the first (or blocked 
control) series, no labelled neurones or fibres were observed in 
the sections, in the second series only FITC-labelled cells and 
fibres were observed, and in the third control series only 
TRITC-labelled cells and fibres were observed (Fig. 2). The 
results of the first control procedure indicated that the individual 
primary antisera are specific for SP and L-Enk or structurally 
similar compounds. The specificity of the SP and L-Enk antisera 
in avian nervous tissue in our experimental conditions has been 
routinely and consistently observed in many previous single- 
label studies in our laboratory'**'*'*"'*. In such studies, as in the 
present double-label study, no immunoreactivity with either SP 
antiserum blocked with synthetic SP or L-Enk antiserum 
blocked with synthetic L-Enk was ever observed in neural 
regions of interest to the present study. The results of the second 
and third control procedures show that neither secondary 
antiserum observably cross-reacts with either opposing primary 
or secondary antisera. Together, the three control procedures 
indicate that the immunoreactive substances observed in our 
double-label experiments are SP and L-Enk or structurally 
similar compounds. In light of the consistent control results 
obtained, control procedures were not routinely run with each 
experimental series. 

Separate observations of L-Enk-like and _  SP-like 
immunoreactive preganglionic terminal endings in the avian 
ciliary ganglion’ suggested that some of the preganglionic 
terminals within the ciliary ganglion might contain both SP-like 
and L-Enk-like immunoreactivities, and we have now 
confirmed this in individual terminal boutons using the double- 
label techniques described above. Careful examination of dou- 
ble-labelled sections through several levels of the ciliary 
ganglion indicated that most preganglionic terminal endings in 
the ciliary ganglion contain both SP-like and L-Enk-like 
immunoreactivities (Fig. 3), although some terminals contain 
only a L-Enk-like or SP-like substance. Erichsen et al.'° have 
shown that lesions of the nucleus of Edinger-Westphal (EW, 
also known in birds as the accessory oculomotor nucleus) eli- 
minate both the SP-like and L-Enk-like immunoreactivities 
from the preganglionic terminal endings of the ipsilateral ciliary 
ganglion, thus indicating that EW contains the cell bodies of 
origin of the L-Enk-like and SP-like immunoreactive terminal 
endings in the ciliary ganglion. In birds given a 3 yl injection of 
colchicine (6 mg yl’) into the lateral ventricle 48h before 
death, examination of the fluorescent labelling of EW neurones 
indicated the presence of numerous cell bodies containing both 
SP-like and L-Enk-like immunoreactivities, as well as neurones 
that showed immunoreactivity for only SP or L-Enk. 

Extensive searches were performed in several other regions of 
the avian brain known from preliminary observations and pub- 
lished work'’*'* to contain large numbers of neurones showing 
specific SP-like and specific L-Enk-like immunoreactivities. 
These were: (1) the small-celled zone of the basal ganglia 
(comprising the lobus parolfactorius and palaeostriatum aug- 
mentatum), (2) the mesencephalic subventricular nucleus 








Fig. 3 Photomicrographs of labelled preganglionic terminals in the avian 
ciliary ganglion. The two types of preganglionic terminals previously 
described in the avian ciliary ganglion** are large cap-like structures that 
envelop the hilar pole of postganglionic neurones reported to project 
exclusively to the iris sphincter muscle and the ciliary body and endings 
characteristically consisting of numerous beaded terminal boutons encircling 
postganglionic neurones that uniquely project to the smooth musculature of 
the chorio-capillaris. Both types of terminal endings generally contained 
both a SP-like substance and a L-Enk-like substance, although the amount 
of immunofiuorescence observed for SP relative to L-Enk varied from 
terminal to terminal in a given section, a And 6 are of the same field of view 
as seen through an N cube (a) and an I cube (>). Through the level of the 
ciliary ganglion shown in a and b, mostly cap-like endings are present and 
two of these (indicated by large solid arrows) show both strong TRITC 
immunofluorescence (indicating the presence of a L-Enk-like substance) 
and strong FITC immunofluorescence (indicating the presence of a SP-like 
substance). Several other cap-like endings showing varying amounts of both 
SP-like and L-Enk-like immunofluorescence are also present in a and 6 
One cap-like ending to the lower left in $ and some fibres to the lower right 
apparently show only SP-like immunofluorescence. c And d show the same 
field of view through the ciliary ganglion as seen through an N cube (c) and an 
I cube (d). The level of the ciliary ganglion shown in c and d contains both 
cap-like and boutonal terminal endings. Nearly all boutonal endings show 
both TRITC and FITC immunofiuorescence (one such double-labelled 
terminal ending is indicated by the large solid arrows in c and d), although 
variations occur in the relative amounts of TRITC and FIT¢ 
immunofluorescence (for example, boutonal endings immediately above the 
asterisk inc and d show large amounts of SP immunofluorescence but little 
L-Enk immunofluorescence), The open arrows in c and d indicate a pair of 
cap-like endings that both show a large amount of SP-like immunoreactivity 
(c) but little to no observable L-Enk-like immunoreactivity (d) 


intercollicularis (ICo), (3) the hypothalamus and (4) the peri- 
aqueductal grey. Immediately rostral to the confluence of the 
tectal ventricle with the cerebral aqueduct, we observed many 
ICo neurones that contained both SP-like and L-Enk-like 
immunoreactivities (Fig. 1). However, no neurones showing the 
co-existence of a SP-like and L-Enk-like substance were seen at 
any other level of ICo, although all levels of [Co contained 
neurones showing only SP-like or only L-Enk-like 
immunoreactivity, A population comprising neurones whose 
cell bodies contained both SP-like and L-Enk-like 
immunoreactivities and also many neurones whose cell bodies 
showed only SP-like or L-Enk-like immunoreactivity was found 
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in a distinct, round cell group situated dorsally in a portion of the 
avian hypothalamus (or ventral thalamus) termed the stratum 
cellulare internum (SCI). A few neurones in the periaqueduc- 
tal grey also contained both a SP-like and a L~-Enk-like 
substance, but no such cells were found on examination of 
~1,000 FITC-labelled and ~1,000 TRITC-labelled neurones 
in the basal ganglia. 

The present demonstration of the co-existence of a SP-like 
substance and a L-Enk-like substance in individual neurones 
and/or fibre terminals in at least five separate regions of the 
avian nervous system raises the possibility that the co-existence 
of substance P and an opioid peptide in individual neurones and 
fibres may be a widespread phenomenon in the nervous system 
of a variety of vertebrates, including mammals. Consistent with 
this, a subpopulation of glomus cells of the carotid body of the 
cat has also recently been found to contain both SP-like and 
L-Enk-like immunoreactive material (L. Stensaas, personal 
communication). The functions of SP and L-Enk in neurones 
and fibres where they co-exist are unclear. In systems studied 
where they occur singly, SP and L-Enk have opposite actions, 
the former having excitatory postsynaptic effects and the latter 
inhibitory postsynaptic effects™. Clearly, however, the two need 
not have the same roles in systems where they co-occur as in 
those where they occur singly. 

As the neurones of EW that project to the ciliary ganglion (a 
parasympathetic ganglion) are reported to be cholinergic?’”’, 
the present data suggest the co-existence of SP and L-Enk in a 
population of cholinergic neurones. Further, our results provide 
evidence that numerous individual preganglionic terminal bou- 
tons of the ciliary ganglion also contain both SP and L-Enk, and 
presumably acetylcholine. Erichsen et al., using electron 
microscopic immunohistochemical techniques to study 
separately the ultrastructural localization of SP-like and L-Enk- 
like immunoreactivities in the preganglionic terminals of the 
ciliary ganglion, found that both SP-like and L-Enk-like 
immunoreactivities occurred in the same size class of large 
dense-core vesicles (85 nm, mean diameter). However, the 
resolution of the present light microscopic double-label tech- 
nique was insufficient to determine whether SP-like and L-Enk- 
like immunoreactivities occurred in the same individual vesicles. 
Nonetheless, their presence in presumptively cholinergic pre- 
ganglionic terminal boutons in the ciliary ganglion suggests that 
all three may have a role in neurotransmission in the ciliary 
ganglion, 
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manuscript. The research was supported by EY 07039 to J.T.E., 
NS 15687 to A.R. and NS 12078 to H.J.K. 


Received 24 July; accepted 14 October 1981. 


1. Chan-Palay, Y., Jansson, G. & Palay, S. L, Proc. natn. Acad. Sci. U.S.A. 7S, 1582-1586 
{1978}, 
2. Hokfelt, T. ef al. Neuroscience 3, 517-538 (1978), 
3. Hokfelt, T. et al. Nature 285, 476-478 (1980). 
4, Hokfelt, T. er al. Neuroscience §, 2093-2124 (1980). 
5, Lundberg, J, M. et al. Neuroscience 4, 1539-1559 (1979), 
6. Watson, S. J., Aki, H, Richard, C. W. & Barchas, J. D. Nature 278, 226-128 { 1978). 
7. Schultzberg, M. et al. Neuroscience $, 689-744 (1980). 
8. Hokfelt, T. e: al. in Regulation and Function of Neuronal Peptides (eds Trabucchi, M. & 
Costa, E.} (Raven, New York, in the press). 
9, Hunt, S. P. eral. Neurosci. Lett. 21, 125-130 (1981). 
10. Tramu, G., Pillez, A. & Leonardelli, J. J. Histochem. Cytochem. 26, 322-324 (1978). 
Ll. Coons, A, H. in General Cytochemical Methods (ed. Danielii, J. F.) 399-422 (Academic, 
New York, 1948), 
12. Brecha, N., Karten, H. J, & Laverack, C. Proc. natn. Acad. Sci. U.S.A. 16, 3010-3014 
(1979), 
13. Karten, H. J. & Brecha, N. Nature 283, 87-88 (1980). 
14. Korte, G., E., Reiner, A. & Karten, H. J. Neuroscience 5, 903-914 (1980). 
15. Erichsen, J. T., Karten, H. J., Eldred, W. D. & Brecha, N. C. J. Neurosci. ün the press). 
16. Erichsen, J. T., Reiner, A., Cabot, J. & Karten, H. J. Neurosci. Abstr. 1, 177 (1981), 
17. Davis, B. M., Brecha, N. & Karten, H. J. Neurosci. Absir. 6, 744 (1980). 
18. Reiner, A., Karten, H, J. & Korte, G. E. Neurosci. Abstr. 6, 810 (1980), 
19. Karten, H. J. & Hodos, W. A Srereetaxie Atlas of the Brain of the Pigeon (Columba livia) 
Johns Hopkins Press, Baltimore, 1966). 
20. Nicoll, R. A., Alger, B. E. & Jahr, C. E. Proc. R. Soc. 210, 133-149 (1980), 
21. Martin, A. R. & Pilar, G. J. Physiol., Lond. 168, 443-463 (1963). 
22. Martin, A. R. & Pilar, G. J, Physiol., Lond, 168, 464-475 (1963). 
23. Hess, A. J. Cell Biol. 25, 1—19 (1965), 








Rapid kinetics of single 
glutamate-receptor channels 


S. G. Cull-Candy & I. Parker 
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Drug-induced ionic channels are known to operate by opening 
briefly when agonist molecules bind to receptor sites” to 
produce rectangular current pulses, the amplitude and lifetime 
of which can be derived from noise analysis’, or directly 
recorded using the patch-clamp technique”. If desensitization 
is neglected, the distributions of channel open and closed times 
can generally be fitted by single exponential functions*’, 
suggesting that a simple two-stage reaction scheme is sufficient 
to account for the observed kinetics'. Using patch-clamp 
recording with an improved time resolution, we have now found 
that glutamate-activated channels in locust muscle membrane 
show a large excess of both brief openings and closings over 
those expected from single exponential distributions. Many 
events which, with poorer frequency resolution, would have 
appeared as single openings were found to consist of two or 
more openings, interspersed with brief (<300 ps) closings. 
These observations have interesting implications for recep- 
tor/channel functioning. 

Patch-clamp recordings of single glutamate-activated chan- 
nels were obtained from the extensor tibiae muscle of the locust 
(Schistocerca gregaria), using techniques similar to those 
described previously*®. Patch-clamp pipettes contained 
200 uM glutamate, which gave a high frequency of channel 
openings, and muscle fibres were usually voltage-clamped at a 
potential of -110 mV to increase the size of the single channel 
currents. Muscles were pretreated with 1 uM concanavalin A to 
reduce receptor desensitization’, and recording patches were 
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Fig. 1 Patch-clamp recordings of test pulses (a, b) and single channel 
currents (c) illustrating the time resolution of the recording system and the 
method of measurement. In each record the lower trace is a computer- 
digitized signal from the path-clamp amplifier, sampled at 25-ys intervals 
after sharp cut filtering (1//*) at 3.2 kHz. The upper traces show computer- 
generated traces used to help measure the data. A rectangular pulse (upper 
trace) with a height equivalent to the single channel current was generated 
and the position and width of this could be altered manually. A smoothing 
function applied to this pulse approximated the step response function of the 
recording system and the resultant smoothed pulse (middle trace) was 
displayed on a screen superimposed on the data. The position and width of 
the generated rectangular pulse was adjusted so that the smoothed pulse 
gave the best match to a channel opening and these parameters were then 
stored. Channel openings in each 512-point data block were fitted sequen- 
tially and a display of previously fitted openings was maintained to assist in 
matching brief channel closings (c). After analysis of several hundred data 
blocks, histograms of open and closed times of the generated rectangular 
pulses were automatically constructed. a, b, Lower traces show recordin gs of 
rectangular test pulses with durations of 500 and 50 us respectively. Upper 
traces are computer-generated pulses fitted to the recordings. Calibrations, 
50 pA and 1 ms. c, Lower trace shows single channel currents recorded from 
a membrane patch. Channel openings are shown as downward deflections. 
Upper trate shows the rectangular current pulses considered to underlie the 
records, whilst the middle trace shows the expected distortion of these pulses 
due to the frequency response characteristics of the recording system. 
Calibrations, 20 pA and 1 ms. 
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Fig.2 Examples of single channel currents recorded with high time resolu- 

tion (d.e. to 3.2kHz). Channel openings correspond to downward 

deflections. Same membrane patch and recording parameters as in Fig. 1e. 
Temperature, 23°C. Calibrations, 20 pA and 1 ms. 


selected where only one active channel was present (that is, 
where no simultaneous openings were observed’). The time 
resolution of the recordings was improved significantly by using 
a circuit, after the headstage amplifier, which partially compen- 
sated for high-frequency roll-off caused by capacitance across 
the feedback resistor. This gave an overall frequency response of 
d.c. to ~5 kHz, but records were usually filtered at 3 kHz to 
reduce noise, before being digitized for computer analysis. Data 
were sampled in blocks of 512 points, at a digitization rate of 40 
or 20 kHz. 

The frequency response of the patch clamp was such that test 
pulses lasting 500 us could be recorded with little distortion 
(Fig. 1a), whilst 50 ps pulses were detectable but became 
broadened and attenuated (Fig. 15). The rise and fall times of 
single channel currents were similar to those of the test pulses 
(Figs 1c, 2), suggesting that the true transition times of the 
channel were faster than the resolution of the recording system. 
To permit more accurate measurements of brief channel open- 
ings and closings, a computer program was developed which 
partially compensated for the restricted frequency response of 
the recordings (see Fig. 1 legend). The ultimate limiting factor in 
time resolution was then set by the signal-to-noise ratio. We 
were unable to obtain seal resistances against the muscle 
membrane of better than 20 MQ, so noise from this source was 
high*, but as large single channel currents (20 pA) can be 
recorded from locust muscle the problem was not too serious. 

A striking feature in our records was that many channel 
openings were interrupted by one or more brief closings (Figs 
lc, 2a), although some long openings showed no apparent 
intervening closings. (Fig. 2c). Also, there seemed to be more 
brief openings than expected from an exponential distribution 
(Fig. 2c). A quantitative examination was made by forming 
histograms of open and closed time distributions; Fig. 3 illus- 
trates data from 832 channel openings recorded from one 
membrane patch. The present results are consistent with pre- 
vious findings that both the open and closed time distributions of 
single glutamate channels can be fitted reasonably by single 
exponentials** and that open times are exponentially dis- 
tributed’, except that at short intervals (<200 ys) there is a 
considerable excess of both channel openings and closings (Fig. 
3b, d), which are probably too brief to have been detected in 
previous patch-clamp studies having a narrower frequency 
range. 

Figure 3a,c shows the distributions of brief openings and 
closings on an expanded time scale. In both cases an excess of 
events over a single exponential distribution becomes apparent 
at intervals of <~300 ps, and increases steeply with shorter 
intervals, except for a falloff in the shortest histogram bin 
(0-50 ps). A duration of 50 ps is about the limit of resolution of 


the recording system, so the falloff in this bin is probably due to 
very brief events remaining undetected. o 
We attempted to estimate roughly the total numbers of brief 
openings and closings by assuming they are distributed 
exponentially, and fitting the observed distributions by the sum 
of two exponentials corresponding to the ‘brief’ and ‘normal’ 
events. In the case of channel closings, the data (Fig. 3c) can be 
fitted by exponentials with time constants Tras = 100 ws, Taow = 
2 ms. The predicted total excess of brief closings (=area under 
fast exponential) is 383, compared with 616 closings fitted by the 
slow exponential. It is clear therefore that channel openings 
generally occurred in bursts, with brief intervening closings 
within bursts and, on average, longer closings between bursts. 
For the events in Fig. 3 the mean number of closings per burst is 
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Fig.3 Histograms of distributions of single channel closed (a, $) and open 
(c, d) times illustrating the excess of brief events. Data are measurements 
from &32 channel openings recorded from one membrane patch where only 
one channel appeared to be present. During the entire recording period the 
channe! was in the ‘normal’ kinetic state®. Insets (b, 2) show the same data as 
the main histograms, but on a different time scale. The distributions in a and 
c have been manually fitted by the sum of two exponentials; the component 
exponentials are indicated by dotted curves and the sum by dashed curves. 
Only the slow exponentials are shown in the insets. Time constants of the 
exponentials are: open times, Tra, = 120 BS, Taow™ 1.5 ms; closed times, 
Tem = 100 US; Tow = 2 ms. Area under the exponentials are: open time, 
fast = 220, slow = 717; closed time, fast = 383, slow = 616. In preliminary 
experiments with different glutamate concentrations, estimated time 
constants for the closed time were: 100 uM, Tra = 110 BS, Toow * 6.8 ms; 
600UM, Tie = 117 BS, Turow = 0.86 ms (mean values from 5-7 patches). 
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~0.6 and hence the mean number of openings per burst is 1.6. 
The mean open time per burst can be estimated from the total 
area under the open time distribution (dashed line in Fig. 3a) 
divided by the number of inter-burst intervals and is 1.64 ms. 
Hence, the total burst length is ~1.7 ms and the mean duration 
of the openings within a burst ~1.0 ms. This estimate includes 
both the fast and slow components of the open time distribution. 
If the brief intra-burst closings were not detected, the apparent 
‘channel lifetime’ would correspond to the mean burst length, 
and previous estimates of channel lifetime from noise analysis’ 
and patch-clamp recording*”® are in reasonable agreement with 
our estimate of the mean burst length. 

Considering next the excess of brief openings, the mean 
lifetime of this component estimated from the fitted fast 
exponential is 120 us, and the predicted number in the record- 
ing period is 220, compared with 717 ‘normal’ openings. Thus, 
about one-quarter of all channel openings were due to the brief 
component, but because of their short duration they would have 
carried only ~3% of the total current. 

Records from seven other membrane patches (four muscles) 
using 200 uM glutamate were similar: a mean value of 1.6+ 
0.03 (s.e.) openings per burst, with a mean channel open lifetime 
of 0.97+0.12 ms. However, in view of possible errors and 
assumptions in fitting the fast exponential functions to the tails 
of poorly resolved distributions, these values should be regarded 
as provisional. 

Brief intervening closings during channel openings and an 
excess of brief openings have been observed from acetylcholine- 
receptor channels in frog twitch muscle® and the existence of 
intra-burst closings has been inferred from noise analysis in frog 
slow muscle fibres’. It seems likely therefore that these features 
may be general to most drug-activated channels. One possible 
mechanism for the intra-burst closings is that the channel is 
transiently blocked in a manner analogous to the action of local 
anaesthetics'”''. If this blocking resulted from glutamate mole- 
cules plugging the channel, then the number of brief closings 
would be expected to increase directly with glutamate concen- 
tration. In preliminary experiments we found that the number of 
brief closings per millisecond of open time showed little change 
over a range of glutamate concentrations (100, 200, 400, 
600 uM). A more attractive possibility, which has been pre- 
dicted from model reaction schemes'**"’, is that the intra-burst 
closings result from re-isomerization of the channel to the open 
configuration after closing, without dissociation of the bound 
agonist molecules. A simple two-step model for channel open- 
ing is: 


A+TŽATŠAR (1) 


where A = agonist molecule, T= closed channel and R = open 
channel. In this scheme, intra-burst closings result from 
the transitions AR = AT> AR, and their mean duration is 
1/(@+k_,). For our data @~4x10's"'. Similarly, a =1/ 
channel lifetime ~ 10° s”'. The mean number of openings per 
observed burst = (1+ 6/k_,)=1.6; hence k.,=610°s™'. In 
fact, this two-step model is probably an over-simplification; for 
example, opening of the glutamate channel seems to involve 
binding of two or more agonist molecules®'*. Such a cooperative 
model is expected to give rise to a three-component distribution 
of closed times'*. The intermediate component (due to brief 
closings via the singly bound state) may be partially included in 
our estimated fast component, but calculations based on a 
cooperative model indicate that the maximum contribution 
would be smaller than our experimental error. The rough esti- 
mates of a, 8 and k; are therefore applicable to both coopera- 
tive and non-cooperative models. 

The origin of the excess brief openings is more mysterious. 
One possibility, which may be readily discarded, is that two 
separate channels of different mean lifetimes, were present 
under the patch pipette. If this were the case, 47 simultaneous 
Openings would have been expected in the record of Fig. 3, and 
the probability of observing zero simultaneous events is ~ 1077": 





none was observed. Another possibility, which has been 
suggested to explain similar brief openings of acetylcholine- 
receptor channels*, is that they arise from channel openings 
when only one agonist molecule is bound. Important clues as to 
the origins of both the brief openings and closings should be 
given by their dependence on agonist concentration and species 
of agonist. It is hoped to explore these possibilities further using 
internally perfused patch-clamp pipettes”*. 
We thank the MRC for support. 
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The products of the J region of the major histocompatibility 
complex have a role in many immunological processes and are 
intimately involved with, if not identical to, the genes controlling 
specific immune responses (/r). Alloantibodies to J region- 
associated (Ia) antigens have proved extremely useful in 
defining the relationship between Ia antigens and Ir gene 
product function’. We have recently reported data which 
suggest that monoclonal anti-Ia antibodies interact with 
different epitopes (antigenic determinants) on macrophage Ia 
molecules and that distinct epitopes, though on the same Ia 
molecule, are recognized by T cells in association with different 
antigens or antigen fragments’. We have now used these mono- 
clonal xenogeneic antibodies to guinea pig Ia antigens together 
with antigen-specific T-cell colonies to analyse further the role 
of macrophage Ia antigens in T-cell activation. We demonstrate 
here that the proliferative responses of individual antigen- 
specific T-cell colonies were often completely inhibited by only 
one of several anti-la monoclonal antibodies. These results 
strongly support the notion that monoclonal anti-la antibodies 
can be used to define epitopes on Ia molecules that have unique 
functions in the activation of antigen-specific T cells, and that 
individual T-cell colonies recognize antigen in association with 
functionally distinct epitopes on Ia molecules. 

Antigen-specific T-cell colonies were prepared from lymph 
node cells of guinea pigs primed in vivo, using a modification of 
the soft agar cloning technique described elsewhere’. Over 80% 
of the colonies that were picked from the agar could 
subsequently be expanded to testable numbers of cells, and 
~95% of these colonies proliferated specifically when chal- 
lenged with the soluble protein antigens used to generate the 
colonies, but not in response to other antigens to which the 
T-cell donor had been primed (data not shown). Furthermore, it 
is likely that the initial colonies picked from soft agar represen- 
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Table 1 Antigen-sepcific MHC-restricted guined pig T-cell colonies 


Ac.p.m. *H-TdR incorporation into test culture 


Macrophage Macrophages 
used to 
Colony T cell generate colony Antigen Strain 2 Strain 13 (2 x 13) 
10 (2x 13)F, (2x 13)F, PPD 61 5,705 2,216 
31 (2X13)F, (2X13)F, PPD 319 16,333 13,450 
124 (2x13)F, (2X13)F, OVA <10 7,301 12,896 
126 (2X 13)F, (2x 13)F, OVA 3,170 958 4,998 
62 (2*13)F, Strain 2 . PPD 9,126 435 8,582 
63 (2x 13)F, Strain 2 PPD 18,519 <10 13,613 
131 (2x 13)F, Strain 2 PPD 21,070 907 ND 
500 Strain 13 Strain 13 - PPD 148 9,027 12,537 
501 Strain 13 Strain 13 PPD <10 13,391 13,503 





Antigen-specific T-cell colonies were generated from inbred strain 2, strain 13 or (2 x 13)F, regional lymph node nylon wool-purified T cells obtained from animals which 
had been primed in vivo with ovalbumin (OVA) (Miles) in complete Freund’s adjuvant (CFA) (Difco). T cells (4x 10°) were cultured with X-ray irradiated (2,500 R) 
non-immune, unfractionated mineral oil-induced PECs (1 x 10°) and 100 ug m1~! PPD (Connaught) or OVA for 4-7 days in 24-well plates (Costar) in RPMI-1640 (Gibco) 
containing 300 ug ml“! L-glutamine, 100 U ml penicillin, 100 ug m]~? streptomycin, 1 pg ml7' 5-fluorocytosine, 5 x 107° M 2-mercaptoethanol (complete medium), and 
5% heat-inactivated normal guinea pig serum. After this period of liquid culture, the antigen-stimulated T cells were plated onto a double layer of soft agar. The lower layer 
of agar, prepared 24 h before the upper layer, consisted of 0.5% Noble agar (Difco), 100~300 ug mi~! PPD or OVA, with or without 25% T-cell growth factor (TCGF) and 
10% heat-inactivated fetal calf serum (FCS). The TCGF used consisted of crude supernatants of concanavalin A-stimulated guinea pig lymph node cells and always 
contained 20 mg mI~* a-methyimannoside (Calbiochem-Behring). The upper layer of agar consisted of 0.32% Noble agar, 10% heat-inactivated FCS, fresh PECs (2 x 10°) 
and antigen-stimulated T cells (4-8 x 10°). After 3-5 days on agar, colonies consisting of ~50 cells were picked off with a Pasteur pipette and then liquid-cultured in 
complete medium with 5% heat-inactivated FCS, 100 pg ml“* PPD or OVA, 10* PECs and 25% TCGF in 96-well flat-bottomed microtitre plates (Costar), Expanding 
colonies were transferred to 24-well plates and fed twice weekly with 5 x 10° PECs, 200 pg ml“? PPD or OVA and 25% TCGF. Antigen-induced proliferation of T-cell 
colonies (10*) was measured by incubation with 10° PECs and 100 xg mi~! PPD or OVA in 0.2 ml of complete medium with 5% heat-inactivated FCS and 10% TCGF in 
flat-bottomed microtitre wells. After 3 days, the contents of each well were divided into three new flat-bottomed, microtitre plates, each containing 0.2 ml of complete 
medium with 5% heat-inactivated FCS, 10% TCGF, 100 ug ml“! PPD or OVA and fresh PECs (10°). After an additional 48 h of culture, 1.0 Ci of tritiated thymidine 
(7H-TdR: specific activity 6.7 Ci mmol”; NEN) was added to each well and after 18 h the amount of radioactivity incorporated into the cellular DNA was determined using 
a semi-automated microharvesting device (Mash II; Microbiological Associates). The results of triplicate cultures are expressed as total c.p.m. with antigen —c.p.m. without 
antigen (A c.p.m.). The s.e.m. of triplicate samples was rarely >10% of the mean, and for simplicity, only the mean of triplicate samples is given. ND, not determined. 


region or epitope on the restricting Ia element different from 
that recognized by colonies 63 and 131. It is also likely that the 


ted true T-cell clones and not mixed cell populations because 
almost all T-cell colonies derived from (2 x 13)F, donors that 


had been selected and expanded with F, peritoneal exudate cells 
(PECs) demonstrated an antigen-specific proliferative response 
in the presence of one but not the other parental strain of PEC 
(Table 1, colonies 10, 31, 124 and 126). (2x13)F, T-cell 
colonies that had been generated and expanded with strain 2 
PECs, and T-cell colonies derived from inbred strain 13 T cells 
that had been expanded with syngeneic PECs, also demon- 
strated a strict genetic restriction in their proliferative response 
to the appropriate strain of PEC (Table 1, colonies 62, 63, 131, 
500 and 501). 

The production and characterization of the murine mono- 
clonal antibodies to guinea pig Ja antigens have been described 
in detail elsewhere*. Both monoclonals 22C4 and 27E7 reacted 
with all Ia antigens identified by a strain 2 anti-strain 13 serum 
(anti-IJa 1, 3, 7). However, in sequential immunoprecipitation 
studies with a strain 13 anti-strain 2 serum (anti-Ia 2, 4), 
monoclonal 27E7 reacted only with the Ja 2-bearing molecule 
while monoclonal 22C4 reacted with all the Ia molecules 
identified by the anti-Ia 2, 4 serum (ref. 4 and S.E.Z. and E.M.S., 
in preparation). Monoclonal antibodies 25E11 and 13S1 reac- 
ted with alloantigenic determinants of strain 2 and strain 13 Ia 
molecules, respectively. 

These monoclonal antibodies were studied for their effects on 
the proliferative responses of the antigen-specific T-cell 
colonies; as a control population we used short-term lines of 
antigen-specific T cells which had been prepared by stimulation 
with antigen in liquid culture but which had not been separated 
into distinct colonies on agar. Colonies 62, 63 and 131 are strain 
2-restricted, purified protein derivative of tuberculin (PPD)- 
specific, (2 x 13)F, T-cell colonies. As seen in Table 2, colony 62 
was inhibited only by monoclonal antibody 22C4, which is 
directed against an Ia determinant present on all strain 2 and 
strain 13 Ia molecules. Colony 63 was inhibited only by mono- 
clonal antibody 25E11, which is directed against a strain 2 
alloantigenic determinant. Colony 131 was inhibited by mono- 
clonal antibodies 25E11 and 27E7, the latter being directed 
against a determinant present on all strain 13 and on some, but 
not all, strain 2 Ia molecules. Thus, while monoclonal 22C4 
reacts with all strain 2 and strain 13 Ia molecules, it inhibits the 
response of colony 62 but not that of colonies 63 and 131. This 
indicates that colony 62 recognizes PPD in association with a 


latter colonies recognize PPD in association with distinct epi- 
topes, as colony 63 was blocked only by 25E11 whereas colony 
131 was blocked by both 25E11 and 27E7. As competitive 
binding studies have demonstrated partial inhibition of the 
binding of 25E11 by 27E7, the determinants identified by these 
monoclonal antibodies are probably adjacent to each other on 
the Ia molecule (S.E.Z. and E.M.S., unpublished observations). 
Thus, colony 131 may react with PPD in association with an 
epitope of strain 2 Ia located between the sites defined by 25E11 





Fig.1 a, Model of antigen presentation in which distinct epitopes 

on macrophage Ja molecules interact with conventional antigens 

and determine the orientation of antigenic determinants presented 

to the responding T cells. b, Model of antigen presentation in which 

distinct epitopes on Ia molecules and conventional antigens are 

recognized separately by two distinct receptors on responding 
T cells. 
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Table 2 Effect of monoclonal anti-la antibodies on the antigen-specific proliferative responses of T-cell colonies and T-cell lines 





A c.p.m. 7H-TdR incorporation 
in the presence of monoclonal 


PPD-pulsed anti-la antibody 
macrophage 
Responder (M8) Control 25E11 27E7 22C4 1381 

Colony 62 Strain 2 2,178 3,906 2,669 643 ND 
Colony 63 Strain 2 13,055 863 15,022 12,956 ND 
Colony 131 Strain 2 5,785 803 1,9089 5,473 ND 
T-cell Hine (2 x 13)F, Strain 2 9,353 4,605 6,184 6,184 6,946 
Colony 500 Strain 13 3,190 4,038 1&2 2,533 2,587 
Colony 501 Strain 13 1,361 1,153 795 1,540 19 
T-cell line (strain 13) Strain 13 13,031 13,465 3,105 11,490 1,832 





Antigen-specific T-cell colonies were generated as described in Table 1 legend. Short-term T-cell lines were generated as follows: nylon wool column-purified T cells 
were obtained from regional lymph nodes of inbred strain 13 or (2 x 13)F, guinea pigs which had been primed in vive with OVA in CFA. T cells (4 x 10°) and irradiated, 
non-immune mineral oil-induced PECs (1 x 10°) were cultured in complete medium containing 5% heat-inactivated normal guinea pig serum and 100 ug mi~? PPD for 1 
week before testing. (2 x 13)F, T cells were cultured with parental strain 2 PECs. Inbred strain 13 T cells were cultured with strain 13 PECs. Antigen-induced proliferation 
of short-term T-cell lines or antigen-specific T-cell colonies was measured by incubation with antigen-pulsed PECs. For antigen pulsing, unfractionated, mineral 
oil-induced, non-immune, irradiated PECs (10 x 10° ml~') were incubated in complete medium at 37 °C for 1 h in the presence of 100 ug ml”! PPD. The cells were then 
washed three times to remove unbound antigen. These antigen-pulsed PECs (1 x 10°) were incubated in 0.2 ml of complete medium with 5% heat-inactivated FCS and 5% 
TCGF, together with cells from T-cell lines or T-cell colonies (2 x 10°) for 3 days in a round-bottomed microtitre plate (Linbro Chemical). To measure inhibition of 
antigen-specific proliferation by the monoclonal anti-la antibodies, ascitic fluids produced from the individual hybrid ceil lines were added to the above microtitre wells at a 
final concentration of 1%. As all the monoclonal antibodies used were either of the IgM or IgG 1 isotype’, we used as contro] ascitic fluid, a hybrid myeloma line (provided by 
Ms R. Lieberman) which secreted an IgM antibody directed against inulin in addition to the parental IgG1 antibody of the P3 x 63Ag8 myeloma line. All the ascites 
containing monoclonal anti-la antibody had previously been found to have peak binding or cytotoxicity values when used at 0.1% or 0.01%. 7H-TAR (1.0 Ci) was added 
to each well after 48 h of culture and 18 h later the amount of radioactivity incorporated into cellular DNA was determined using a semi-automated microharvesting device, 
Mash II. The results of triplicate cultures are expressed as total c.p.m. with antigen-pulsed PECs plus ascites — total c.p.m. with unpulsed PECs plus ascites (A c.p.m.). The 


s.e.m. of triplicate samples was rarely > 10% of the mean, thus for simplicity only the mean of triplicate samples is gwen. ND, not determined. 


and 27E7, while colony 63 reacts with PPD in association with 
an epitope close or identical to that defined by 25E11. Colonies 
500 and 501, both derived from PPD-immune strain 13 T cells, 
were also inhibited by different monoclonal anti-Ia antibodies 
(Table 2). Despite the fact that monoclonal 27E7 reacts with a 
determinant present on all strain 13 Ia molecules, colony 500 
was significantly inhibited by 27E7 whereas colony 501 was 
inhibited significantly only by monoclonal 1381, which is 
directed against an alloantigenic determinant on strain 13 Ia 
molecules. | 

In contrast to the inhibition profiles of the colonies, the 
PPD-specific response of the short-term line of (2 x 13)F, T cells 
was inhibited only moderately by 25E11, 27E7 and 22C4 (Table 
2). The short-term line of inbred strain 13 PPD-specific T cells 
was significantly inhibited by 27E7 and 13S1 (Table 2). Thus, 
both short-term T-cell lines demonstrated some inhibition by 
more than one monoclonal antibody. These results are identical 
to those observed for T cells stimulated directly after being 
taken from the animal, without previous short-term culture’. 

Our results are consistent with the hypothesis that the mono- 
clonal anti-Ia antibodies inhibit T-cell proliferation by masking 
individual Ia epitopes and that individual antigen-specific T-cell 
colonies recognize antigen in association with such distinct 
epitopes on Ia molecules. In agreement with this hypothesis, the 
unseparated T-cell lines, containing multiple antigen-specific 
clones, were inhibited by more than one monoclonal antibody, 
and this inhibition was often only moderate. We have recently 
demonstrated similar differential inhibition by these mono- 
clonal antibodies of alloreactive T-cell colonies, thus these 
results are not unique to antigen-specific T-cell colonies’. It is 
very difficult to exclude the possibility that our results actually 
represent inhibition of T-cell recognition by masking of the 
entire Ia molecule rather than by masking of distinct epitopes on 
the same Ia molecule. However, the former explanation seems 
unlikely because several of the monoclonal antibodies which 
recognize determinants present on all guinea pig Ia molecules 
inhibit the response of only some of the colonies. Similarly, the 
differential inhibition by monoclonal antibodies that recognize 
monomorphic Ia determinants makes it unlikely that mono- 
clonal anti-Ia antibodies inhibit T-cell proliferation by a 
generalized capping and shedding of Ia antigens. We have so far 
been unable to reclone any of our antigen-specific T-cell 
colonies, but the significance of our demonstration that indivi- 
dual antigen-specific T-cell colonies show fine differences in 
genetic restriction at the level of Ia epitope recognition, is not 


dependent on rigorous proof of the monoclonality of these 
putative clones. 

The results presented here are most consistent with the 
theories of Jr gene function proposed by Rosenthal et al.° and 
Benacerraf’, in which Ia molecules on macrophages interact 
with antigens and determine the orientation of antigenic 
determinants presented to the responding T cells. In this case, 
monoclonal anti-Ia antibodies would selectively inhibit T-cell 
activation by masking one of the sites of interaction of the Ia 
molecules with conventional antigen (Fig. 1a). However, the 
results are also compatible with the theories® proposing that the 
T cell has two receptors, one for self-Ia and the other for 
conventional antigen. In the latter case (Fig. 1b), monoclonal 
anti-la antibodies would inhibit T-cell proliferation by masking 
the recognition of individual Ia epitopes seen by the anti-self-Ia 
receptor on the T cell. 

These results have important implications for the relationship 
between Ia antigens, Jr genes and disease susceptibility. As 
suggested by Schwartz et al.’, the frequently noted associations 
between disease susceptibility and HLA antigens in man may, in 
fact, be associations between disease susceptibility and distinct 
epitopes on those HLA antigens. Determination of such dis- 
ease~MHC epitope associations could have great practical and 
theoretical value by allowing more accurate detection of those 
individuals at highest risk for developing certain diseases and by 
furthering our understanding of the relationship between the 
immune system and disease susceptibility. 

We thank Mrs Clare Horton for technical assistance and Ms 
Shirley Starnes for assistance with the manuscript. S.E.Z. is a 
Fellow of the Arthritis Foundation. 


Received 28 May; accepted 26 November 1981. 


1. Shevach, E. M. Springer Semin. Immunopath. 1, 207-234 (1978). 

2. Burger, R. & Shevach, E., M. J. exp. Med. 182, 1011-1023 (1980). 

3. Sredni, B., Tse, H, Y. & Schwartz, R. H. Nature 283, 581-583 (1980). 

4. Burger, R., Clement, L., Schroer, J., Chiba, J. & Shevach, E. M. J, Immun. 126, 32-37 
(1981). 

5. Malek, T. R., Clark, R. B. & Shevach, E. M. J. Immun. 127, 616-621 (1981). 

6. Rosenthal, A. S., Barciaski,; M, A. & Blake, J. T. Nature 267, 156-158 (1977). 

7, Benacerraf, B. J. Immun. 120, {809-1812 (1978). 

8. Von Boehmer, H., Haas, W. & Jerne, N, K. Proc. natn. Acad. Sci. U.S.A. 78, 2439-2442 
(1978). 

9. Schwartz, B. D., Luehrman, L, K. & Rodey, G. E. J. clin. Invest. 64, 938-947 (1979). 


aeee UOU 





Nature Vol. 295 4 February 1982 


415 








Progesterone monoclonal 
antibody blocks pregnancy in mice 


L. J. Wright, A. Feinstein, R. B. Heap, J. C. Saunders, 
R. C. Bennett & M.-Y. Wang 


ARC Institute of Animal Physiology, Babraham, 
Cambridge CB2 4AT, UK 





Production of monoclonal antibodies by hybrid cell lines’ pro- 
vides a method potentially superior to conventional techniques 
for raising antisera’ in respect of titre and specificity. Many lines 
have been prepared” that secrete antibody to cell-surface and 
soluble antigens and to viruses, but the products of hybridomas 
that recognize steroid haptens have not yet been exploited. 
Progesterone, the hormone of pregnancy, is essential for the 
establishment and maintenance of gestation in all mammalian 
species so far studied in detail*, and we describe here the 
production and characterization of an anti-progesterone mono- 
clonal antibody which blocks the establishment of pregnancy 
in mice. 

Adult male BALB/c mice from a colony maintained at this 
Institute were immunized against progesterone-11a@-succinyl— 
bovine serum albumin (BSA) conjugate (molar ratio of steroid 
to protein, 26:1) prepared using carbodiimide as the coupling 
agent. The spleen cells from these animals were fused with the 
mouse myeloma cell line NSI**. Immediately after fusion the 
cells were cultured in selection medium containing hypo- 
xanthine—aminopterin-thymidine (HAT) and subsequently 
HT”, and the supernatants were screened by a binding assay (see 
Table 1) for the presence of progesterone-binding antibodies. 
Vigorous growth of hybrids was observed but the supernatant of 
only one well displayed marked anti-progesterone activity. Of 
14 subcultures established from this well, four remained active 
and stable over a 5 month period (AA1, BA2, 2A3, AB1). After 
cloning the hybrid AA1 on soft agar’, one colony was selected 
for further study (III A4.1) and was recloned. Seventeen sub- 
cultures grew well and anti-progesterone antibody was detected 
by a high binding activity in the supernatants of all 17 wells. This, 
together with later evidence, suggests that III A4.1 is a clone. 
Ascites fluid formed after cells of clone JII A4.1 were injected 
into mice was found to contain a high concentration of anti- 
progesterone monoclonal antibody (up to 15mgml™') by 
immunoelectrophoresis and analytical ultracentrifugation. It 
was also shown to possess precipitating activity against steroid— 
BSA conjugate, but not against BSA alone. Specific antisera 
showed it to be of mouse IgG1 sub-class. The results of similar 
tests on ascites fluid prepared with cells of subculture AA1 were 
identical. When tested by the binding assay (see Table 1), 50% 
binding of radioligand was obtained at dilutions of ascites fluid 
ranging from 1:3,000 to 1: 43,000. Anti-progesterone antibody 
(AA1, ascites fluid) had an association constant of 0.4 x 10° M7! 
(Scatchard analysis). 

The specificity of binding in ascites fluid (AA1 and III A4.1) 
was compared with that obtained for an antiserum (provided by 
Dr A. P. F. Flint) raised against the same antigen by the 
conventional procedure in a sheep. The anti-progesterone 
monoclonal antibody was less specific than the average of the 
polyclonal antibodies in antiserum 18.2 (Table 1) as noted by 
others®. However, the high concentration of clonal IgG avail- 
able in the ascites fluid preparation, its relatively low 
contamination with other proteins and the preservation of clone 
II A4.1 in liquid nitrogen provided a long-term reproducible 
source of a suitable reagent for testing anti-fertility properties. 

The anti-implantation properties of the monoclonal antibody 
(clone III A4) were tested in BALB/c mature virgin mice. Five 
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daily injections of ascites fluid (15 u1) blocked implantation in all 
animals, whether given intraperitoneally (i.p.) or intravenously 
(Table 2: route). To determine the time at which the monoclonal 
antibody blocked pregnancy most effectively, mature virgin 
BALB/c mice were given a single i.p. injection at 32 and 
109-130 h post-coitum (p.c.). Monoclonal antibody blocked 
implantation in all 13 mice treated at 32 h (P<0.001, Table 2: 
time) and in a further four mice treated at 65 h p.c. (Table 3). 
Pregnancy was also blocked in 9 of 11 mice treated 109-130 h 
p.c. but implantation occurred and pregnancy appeared to 
progress normally in two animals (Table 2: time). Control ascites 
fluid from mouse myeloma McPc 1748 had no effect on preg- 
nancy when injected at 32 h p.c., but when given at later stages 
(109-130 h) reduced fertility (Table 2: time). 

In mice receiving five daily injections, the mean concentration 
of plasma progesterone was higher in the experimental than the 
control group of animals on day 10 p.c., but the difference was 
not statistically significant. The high concentration was asso- 
ciated with a marked increase in the amount of °H-progesterone 
bound by plasma in vitro (P<0.001, Table 3). The number of 


Table 1 Cross-reactivity of anti-progesterone monoclonal antibody and anti- 
progesterone polyclonal antiserum 


% Cross-reaction 


Monoclonal Polyclonal 
antibody antiserum 

IIT A4.1 18.2 

Progesterone 100 100 
11a-Hydroxyprogesterone 310 44 
Aetiocholanolone 273 <2 
58-Pregnanedione 82 8 
Sa-Pregnanedione 58 12 
118-Hydroxyprogesterone 26 14 
16a-Hydroxyprogesterone 23 4 
5 B-Androstanedione 8 <2 
Deoxycorticosterone <2 ` 4 
Cortisol <2 <2 
` 20a-Hydroxyprogesterone <2 <2 
17a-Hydroxyprogesterone <2 <2 
Pregnenolone <2 <2 
17a-Hydroxypregnenolone <2 <2 
Androstenedione <2 <2 
68-Hydroxyandrostenedione <2 <2 
Testosterone <2 <2 
5a-Dihydrotestosterone <2 >2 
Sa-Pregnane-38,208-diol <2 <2 
§8-Pregnane-3a,208-diol <2 <2 
Sa-Pregnane-3a,20ca-diol <2 <2 
Ancdrosterone . <2 <2 
5a-Androstanedione <2 <2 
3-Epiandrosterone <2 <2 
Oestrone <2 <2 
Oestradiol-178 <2 <2 
Oestradiol-17a@ <2 <2 
Oestriol <2 <2 
16-Epioestriol <2 <2 


Cross-reactivity was determined using monoclonal antibody [JI A4.1 and 
polyclonal antiserum 18.2 at a dilution in phosphate buffer of 1:15,500 and 
1:1,400 respectively. At this dilution each preparation bound ~50% of the 
radioligand used in the binding assay. A high concentration of monoclonal 
antibody was obtained by the injection of cells of clone III A4.1 into BALB/c mice 
primed with pristane (2,6,10,14-tetramethylpentadecane) 14 days before 
injection i.p. of ~7 x 10° cells. The binding assay consisted of 100 u! supernatant 
incubated overnight at doubling dilutions with 100 yl [1,2,6,7-*H progesterone 
(89 Cimmol™'; 20,000 d.p.m. per 100 ul phosphate buffer; Amersham). For 
screening purposes, supernatants were diluted 1:1 (v/v) with phosphate buffer. 
Unbound radioligand was absorbed by the addition of 200 wl dextran-coated 
charcoal, and 20 min later charcoal-bound radioligand was separated from anti- 
body-bound radioligand by centrifugation. Radioactivity in the supernatants 
indicative of antibody binding was measured by liquid scintillation spectrometry’®. 
The nonspecific binding of the assay (culture medium with no antibody) was 
5.2+0.8% (mean +s.e.m.) of the added radioligand. Competitive binding studies 
were carried out using increasing amounts of the compounds listed (25—25,000 pg 
in 25 wl buffer) and a constant amount of 7H-progesterone (100 ul buffer contain- 
ing 20,000 d.p.m.). Incubation conditions and the method of separation of anti- 
body-bound and unbound radioactivity were identical to those used in the binding 
assay. Cross-reactivity was calculated as the amount of progesterone required to 
reduce the amount of radioligand bound by one-half, divided by the amount of 
competing steroid that produced a similar displacement (x100)'®. 
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judged by the greater amount of radioligand bound by plasma in 





Table 2 Effect of the fas Srna a RA (hp.c.) of anti- Vitro (47.3+2.3%) compared with values obtained in control 
i PAM NARA Ui aS A ah att eh mice (15.5 + 1.8%, P < 0.001, Table 3). The binding observed in 
No, pregnant/ Total no, of plasma from control animals was attributed to corticosteroid- 
Group no. treated implantations binding globulin’ as when plasma was heated at 60 °C for 20 min 
Route: five daily injections the value was reduced to levels similar to the nonspecific binding 
Intraperitoneal Experimental 0/6* 0 values of the assay, whereas in monoclonal-treated animals 
Control 4/6 20 it was only reduced to 36% due to the presence of anti- 

Intravenous e ie a9 progesterone IgG (Table 3). 
Time: single injection The results show that anti-progesterone monoclonal antibody 
32h p.c. Experimental 0/13* 0 given as single or repeated injections during preimplantation 
Control 13/14 109 will prevent implantation in mice. It was estimated that at 
eee ee oD fe equilibrium, anti-progesterone antibody reduced the concen- 


tration of readily available progesterone in circulation by >95% 

Route: BALB/c mice were injected daily at ~10.00 h on days 1, 2, 3, 4 and 5 during the critical preimplantation stage, when a precise 
(day 1 = day of copulation plug; coitus ~02.00 h). Injections consisted of 200 yl hormonal sequence of progesterone and oestrogens is normally 
0.9% NaCl containing 15 yl ascites fluid (cloned hybrid ITI A4.1, experimental), required to sensitize the endometrium for implantation’? which 


15 ui ascites fluid (mouse myeloma McPc 1748, control) or 15 pl non-immune ‘ a : . ea 
mouse serum. Ascites fluid from the cloned hybrid III A4.1 diluted 1:42,000  Degins at ~90h p.c. The finding that a single injection of 


bound 50% of radioligand when incubated with *H-progesterone monoclonal anti-progesterone IgG (200 ug; 10 mg per kg) pre- 
(~20,000 d.p.m.). Ascites fluid from McPc 1748 or non-immune serum showed no vented pregnancy in all 17 mice treated between 32 and 65 h p.c. 
detectable binding of *H-progesterone. Autopsy was performed on day 10 p.c. and that its effect was slightly reduced when it was administered 


Time: BALB/c mice were given a single injection ip. at the times shown : . ae , ; 
(0 h = estimated time of coitus, ~02.00 h of the morning when a copulation plug later, may be associated with the limited capacity of antibody to 


was found, day 1). Injections consisted of 200 pl 0.9% NaCl containing 15 yi Teduce circulating progesterone levels in the face of increasing 
ascites fluid (cloned hybrid HI A4.1, experimental) or 15 pl ascites fluid (mouse luteal secretion‘. The results obtained with this monoclonal 
myeloma McPc 1748, control, see above). Autopsy was performed on days preparation in mice showed a substantial improvement 


11-15 p.c. ‘ : : : , 
# Dineren between pipenn and conoi opan compared with those obtained with a polyclonal antiserum in 


0.001) when tested after the calculation of exact significance probabilities using the rats in which anti-progester one antiserum (10 mg; 50 mg per kg) 
randomization procedure first proposed by Fisher”. delayed implantation by at least 24 h but blocked pregnancy in 


only 6 of 14 treated animals’’. 
The mechanism by which this anti-progesterone monoclonal 
antibody reduced fertility in mice probably differs according to 
corpora lutea counted in serial sections of ovaries removed at the time of treatment. When injected at 32 h p.c. transport along 
autopsy was similar in experimental (10.0+0.7, mean+s.e.m.) the Fallopian tubes may have been affected, whereas when 
and control (9.04 2.0) groups, though the corpora lutea were injected 109-130h p.c. the process of implantation itself 
frequently small and regressed in mice treated with anti- seemed to be inhibited. Ligand specificity of the monoclonal 
progesterone antibody. Thus the high concentration of proges- anti-progesterone antibody used in this study was relatively 
terone in peripheral plasma was probably due to the retention of inferior to that of a conventional antiserum, certain steroids 
antibody-bound steroid in circulation, and the decline of luteal structurally dissimilar to progesterone (such as 
function to a lack of pituitary and/or placental luteotropin aetiocholanolone) competing successfully with progesterone for 
arising from the failure of implantation. the monoclonal binding site. Whether or not these cross-reac- 
Piasma progesterone levels in mice treated with a single dose tivities are an essential feature of the anti-implantation efficacy 
of anti-progesterone antibody at 32 or 65h p.c. and killed on of this antibody remains to be established, but products of 
day 11-15 p.c. were less than one-half those found in mice suitably selected anti-progesterone clones should prove invalu- 
treated daily for 5 days, presumably due to the further decline of able for further studies of the regulation of fertility. 
luteal secretion of progesterone. The mean plasma progesterone We thank Professor E. C. Amoroso, Drs A. P. F. Flint, J. C. 
concentration in mice injected at 109-130 h p.c. was similar to Howard and D. E. Walters for help and valuable discussions, 
that in control animals; in two animals that remained pregnant and Mrs E. Tredget, Miss M. Hamon, Miss P. Hansford and Mr 
the values were high (64 and 94 ng ml™') whereas in a further I. R. Fleet for technical assistance. 
two mice which were not pregnant values were low (2 and Note added in proof: It has been demonstrated that an anti- 
14 ng ml”'). Circulating monoclonal antibody was still present progesterone monoclonal antibody can be prepared with high 
at autopsy in mice injected only once with cross-reacting IgG as specificity *, 
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Table 3 Effect of anti-progesterone monoclonal antibody on progesterone levels and binding of progesterone in plasma during pregnancy 


Progesterone 
Plasma 
No. pregnant/ cone. % Bound 
Treatment Group no, treated (ng mi~’) Before heating After heating 
Five daily injections Experimental 0/6 35.7 + 12.6 (6) 5449" (6) ND 
Control 4/6 11.143.8 (4) 10+4 (4) ND 
One injection, 32 h p.c. Experimental 0/4 16.5+4.1* 45+ 3* (4) 33 + 3* (4) 
Control 4/4 38.82.34} 19+ 2 (43 8+ 1 (4) 
One injection, 65 h p.c. Experimental 0/4 8.7 + §,2 (4) §2+4 (4) 40% 2 (4) 
Control 2/4 31, 32 (2) 14, 15 (2) 6, 8 (2) 
One injection, 109-130 h p.c, Experimental 2/4 43.5 +21.5 45+6* (4) ND 
Control 3/4 34.3 + 3.3 (3) 1342 (3) 7+1(3) 


Details of treatment are given in Table 2 legend. Blood was collected from mice under ether anaesthesia on days 10-15 and plasma progesterone concentration was 
measured by radioimmunoassay. Values of % bound were obtained by the addition of a known amount of *H-progesterone (100 ul phosphate buffer containing 
20,000 d.p.m.) to 100 ul plasma diluted 1:10 with phosphate buffer. In selected cases plasma was heated at 60°C for 20 min to inactivate binding associated with the 
presence of corticosteroid-binding globulin’. Conditions of incubation and the method of preparation of antibody-bound and unbound radioactivity are described in the 
text. The amount of radioligand bound in plasma was expressed as a percentage of the total amount of °H-progesterone added. Results are given as mean +s.e.m.; numbers 
of animals are shown in parentheses. ND, not determined. 

* Difference between experimental and contro! group was significant (P< 0.001) using Student's unpaired t-test. 
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Polypeptides classified as transforming growth factors 
(TGFs) have been found in various neoplastic cells and tumour 
tissues, and most recently in many non-neoplastic tissues‘. 
These TGFs are low-molecular-weight (7,000-—20,000) acid- 
stable polypeptides, which induce anchorage-dependent non- 
neoplastic indicator cells to form progressively growing colonies 
in soft agar. Certain extracellular TGFs isolated from condi- 
tioned medium derived from both rodent sarcoma virus-trans- 
formed cells and several human tumour cell lines have been 
shown to compete with epidermal growth factor (EGF) for 
membrane receptors ™™*”, By direct extraction from Moloney 
sarcoma virus (MSV)-transformed cells, we have isolated two 
distinct classes of intracellular TGFs, one of which competes 
with EGF for receptor binding sites, whereas the other does not. 
We report here that after purification by HPLC, the colony- 
forming activity of the TGFs that do not compete with EGF for 
receptor binding was enhanced 100-fold by the addition of 
EGF. This ability to enhance the growth-stimulating effects of 
the TGFs is specific to EGF, as insulin, the insulin-like growth 
factors, platelet-derived growth factor and nerve growth factor. 
do not show this property. In contrast, the colony-forming 
activity of TGFs that compete with EGF for receptor binding is 
not potentiated by EGF. 

Direct extraction of MSV-transformed 3T3 cells with acid- 
ethanol has been shown? to yield TGFs which, when chro- 
matographed on Bio-Gel P-30, seem to behave similarly to the 
extracellular sarcoma growth factor (SGF) isolated from condi- 
tioned medium derived from these cells’. However, other 
experiments have shown that the major soft-agar colony-form- 
ing activity in the unfractionated acid—ethanol extract of MSV- 
transformed cells is potentiated by EGF. Using reverse-phase 
HPLC for further purification, we now demonstrate the 
heterogeneous nature of these intracellular TGF preparations. 

As seen in Fig. 1, the TGF fraction from Bio-Gel P-30 
columns (10,000-12,000 molecular weight) can be separated 
into two major components by HPLC on Cig u Bondapak 


417 


columns using a linear acetonitrile gradient in 0.1% 
trifluoroacetic acid. One component, which we term the EGF- 
potentiated TGF, elutes later (38% acetonitrile) than marker 
EGF (35% acetonitrile), and together with EGF (2 ng ml~’) 
results in the formation of large colonies (>3,140 pm?) in soft 
agar (Fig. 1a). The other component elutes earlier (32% 
acetonitrile) and induces formation of smaller colonies 
(>840 m7) in soft agar in the absence of added EGF (Fig. 15). 
Binding competition studies using **°I-labelled EGF showed 
that only the latter component competes strongly with EGF 
(Fig. 1c); this is designated ‘intracellular SGF’, as its behaviour 
is similar biologically to the extracellular SGF of conditioned 
medium”. In radioimmunoassays using anti-murine EGF 
antiserum, all these fractions were shown to be free of native 
EGF (data not shown). The intracellular SGF peak contained 
3.7% of the total recovered absorbance at 280 nm and ~80% 
of the total colony-forming units assayed in the absence of 
EGF; the EGF-potentiated TGF peak contained 4.2% of the 
recovered absorbance units and ~90% of the total colony- 
forming units assayed in the presence of EGF. 

The growth-stimulating effect of EGF and each of the two 
classes of TGFs on NRK cells, clone 49F (ref. 8), was quantified 
in the soft-agar system described previously’. Cells were stained 
and analysed for colony formation 1 week after seeding in the 
presence of TGF and/or EGF. Colony size was determined 
quantitatively using a Zeiss microscope and Videcon television 
camera coupled to a Bausch and Lomb Omnicon image analysis 
system and a data terminal. The field of view was displayed in 
two dimensions and all parameters were derived from the area 
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Fig. 1 HPLC purification of TGFs from MSV-transformed 3T3 
cells. The acid-ethanol extract of MSV-transformed cells was 
purified initially on Bio-Gel P-30 in 1 M acetic acid as described 
elsewhere”. EGF was obtained by similar extraction of male mouse 
salivary glands®. The TGF pool (20 mg) was dissolved in 2 ml 0.1% 
trifluoroacetic acid (TFA), applied to a u Bondapak C;, column 
(7.8 x300 mm; Waters Associates) and eluted at a flow rate of 
0.8 ml min’ with a gradient of acetonitrile in 0.1% TFA as shown. 
Aliquots (40 wl; 5%) were lyophilized and assayed for activity in 
the soft-agar assay: a, in the presence of 2 ng ml ? murine EGF; b, 
without EGF. c, Duplicate aliquots (40 wl) were assayed for 
inhibition of '?°I-EGF-receptor binding in mink lung epithelial 
cells (CCL 64) as described elsewhere’ (3.5 ng ml~' EGF resulted 
in 50% competition). Arrow indicates position of elution of marker 
murine EGF (a, b). 
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Fig. 2 Effect of EGF on the dose-response curves of the two 
classes of TGFs. a, EGF-independent TGF that competes with 
EGF for binding (Fig. 1, fractions 49-53) or b, EGF-potentiated 
TGF that does not compete with EGF (Fig. 1, fractions 88-98) was 
assayed in the absence of EGF (open symbol) or presence of 
2ngml”' murine EGF (solid symbol). The background level of 
colonies >3,140 um? (51 per cm”) that was observed in response to 
EGF alone has been subtracted. An identical response was seen for 
EGF prepared by the method of Savage and Cohen” and for 
receptor grade EGF (Collaborative Research). 


of the colony cross-section. The system was programmed to size 
and count colonies >500 um? and to determine the mean colony 
size from the data obtained for each plate. The effect of EGF on 
the dose-response curves of the two classes of TGFs is shown in 
Fig. 2a, b. If the background of colonies formed in response to 
EGF alone (2 ng ml~*) is subtracted, it is apparent that there is 
no enhancement by EGF of the intrinsic colony-forming activity 
of the intracellular SGF (which competes for EGF receptor 
binding) (Fig. 2a). In contrast, the addition of EGF (2 ng ml7') 
to the culture medium caused the NRK cells to be ~100-fold 
more sensitive to the EGF-potentiated class of TGFs, as 
measured by the number of colonies >3,140 jm? (Fig. 25). In 
the presence of EGF, soft-agar colony-forming activity was 
detected in 6 ng ml” protein from the EGF-potentiated TGF 
peak after HPLC purification. 

The effect on colony size of EGF added to sub-optimal levels 
of the EGF-potentiated TGF is shown in Fig. 3. EGF alone 
(2 ng ml’) induced the NRK cells to form numerous small 
colonies of mean size 3,300 ym’, in agreement with the data of 
Topp etai.’, whereas TGF alone (4.6 ug ml) caused the cells to 
undergo only a few divisions, to give a mean colony size of 
1,800 jm’. The simultaneous addition of EGF and TGF resul- 
ted in the formation of a large number of colonies of mean 
colony size 7,700 um”. The numbers of colonies per cm? greater 
than 3,140 um? were 51 and 5, respectively, for EGF and TGF 
alone, whereas the two factors combined gave 470 colonies, 
suggesting cooperative effects. The potentiating effect of EGF in 
the soft-agar assay was optimal at concentrations of 0.4- 
10 ng m`; higher or lower concentrations had less effect. The 
response of the NRK cells to EGF alone differed from the 
response to EGF plus EGF-potentiated TGF; colonies reached 
a plateau of 2,000-3,000 pm’ mean colony size in the presence 
of optimal concentrations of EGF alone, whereas colonies 
formed in response to the two factors combined reached colony 
sizes of 13,000-19,000 pm?. 


Soft-agar assays (data not shown) in which EGF and/or the 
EGF-potentiated TGF were added sequentially as an overlay 1 
week later showed that the order in which EGF or TGF is added 
is not important for the potentiation of the colony-forming 
response of the cells, and that the mean colony size attained after 
sequential addition is not significantly different from that after 
simultaneous addition of the two factors. In contrast, cells 
treated initially with EGF alone were refractory to further EGF 
added 1 week later, and cells treated initially with TGF respon- 
ded to a further addition of TGF with only a doubling in mean 
colony size. Other growth factors were investigated for their 
ability to amplify the anchorage-independent growth response 
induced by this TGF. Platelet-derived growth factor, nerve 
growth factor, insulin and the insulin-like growth factors, each 
tested over a 1,000-fold concentration range, had little effect on 
the colony-forming response to sub-optimal levels of the EGF- 
potentiated TGF. By themselves, these factors caused very few 
cells to undergo even a single division in the soft-agar medium. 

The potentiating effect of EGF is specific for a class of TGFs 
that do not compete with EGF for receptor binding, possibly 
implicating interaction of two distinct membrane receptors. In 
model systems, platelet-derived growth factor and pituitary 
fibroblast growth factor, while not competing for EGF-receptor 
sites, can induce a transient down-regulation of the EGF recep- 
tor, suggesting co-internalization of the receptors for these 
hormones’. Phorbol ester tumour promoters'''? and vaso- 
pressin’® can alter the affinity of EGF receptors, and EGF can 
alter the response of rat pituitary cells to thyroid hormone and 
hence alter the hormonal control of growth hormone and 
prolactin synthesis by these cells‘*. 

Assuming that anchorage-independent growth correlates 
with neoplasia'*'®, the results reported here suggest a 
mechanism for some of the observed promoter-like effects 
ascribed to EGF. EGF can increase viral transformation of 
cells'”’* and promote methylcholanthrene-induced papillomas 
in mouse skin’’. It can also increase the anchorage-independent 
growth of adenovirus-transformed rat embryo cells, as 
measured by increases in both colony size and number’. Each 
of these effects could be mediated by EGF potentiation of 
sub-optimal levels of a class of EGF-responsive TGFs resem- 
bling those described here. 

Results similar to those presented here for the cellular 
extracts of MSV-transformed mouse cells have also been 
obtained from both non-neoplastic and neoplastic tissues of 
man, mouse, chicken and cattle’. In every case, the major TGF 
activity does not compete with EGF for receptor binding but is 
markedly potentiated by EGF to induce growth of large colonies 
in soft agar. The presence in these extracts of TGFs that compete 
with EGF for receptor binding but are not enhanced by EGF in 
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Fig. 3 Size distribution curves of colonies formed in response to 

EGF and/or sub-optimal concentrations of the EGF -potentiated 

TGF. The size distribution of colony area, as determined by image 

analysis, for 4.6 ug TGF (Fig. 24) is represented on a logarithmic 

scale. ----, TGF alone (4.6 ug mi~’); ——, TGF at the same 

concentration in the presence of EGF (2 ng mi’); and - - - -, EGF 
alone (2 ng ml‘) as a control. 
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the induction of anchorage-independent growth has not yet 


been conclusively demonstrated. Recent data of Moses et al: on 
TGF production in chemically transformed cells also demon- 
strate the existence of several TGFs, only one of which competes 
for binding to the EGF receptor’. The physiological significance 
of the interaction between EGF and this new class of TGEs is 
unknown, but it is possible that, in addition to a role in malignant 
transformation, these factors may function in the natural 
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Recent studies have shown that tyrosine-specific protein kinases 
may be involved in both virus transformation and growth stimu- 
lation with polypeptide growth factors. Thus, several onc gene 
products possess such kinase activity’ and, further, binding of 
epidermal growth factor (EGF)"® to A-431 cells stimulates 
phosphorylation of tyrosine residues of both membrane and 
cytoplasmic proteins’'"*. Platelet-derived growth factor 
(PDGF), a 30,000 molecular weight (M,) polypeptide, is the 
major growth-promoting factor in serum for connective tissue- 
derived cells and glial cells in culture” 7, High-affinity binding 
of '**1-PDGF to a specific receptor on such cells has recently 
been demonstrated; thus, human foreskin fibroblasts were 
found to have some 300,000 PDGF receptors per cell, with an 
affinity constant of 1 nM (ref. 23). The addition of PDGF to 
human glial cells and fibroblasts produces various phenotypic 
changes, similar to those induced by EGF™“ and tumour 
viruses’’, which include rapid induction of membrane ruffling, 
reduction in cell adhesion, change in structure of the actin 
cytoskeleton and increased mitotic activity (B.W. et al., unpub- 
lished data). These considerations suggested that PDGF binding 
to cellular receptors might similarly stimulate kinase activity. 
The present report demonstrates such an effect: when incubated 
with plasma membranes from human fibroblasts or glial cells, 
PDGF induces the phosphorylation of tyrosine residues of 
membrane proteins with apparent molecular weights of 175,000 
and 130,000. 

Membranes were prepared from cultured human foreskin 
fibroblasts or glial cells as described previously’ and incubated 
at 0°C with **P-ATP and pure PDGF”, After 10 min incuba- 
tion, the resulting phosphoprotein pattern was analysed by 
SDS-polyacrylamide gel electrophoresis (PAGE). 

As Fig. 1 shows, PDGF stimulated the incorporation of **P 
into membrane proteins of both fibroblasts (Fig. 1a) and glial 
cells (Fig. 1b), promoting, in particular, the phosphorylation of a 
175,000-M, and a 130,000-M, protein, in comparison with the 
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Fig. 1 Effect of PDGF and EGF on the phosphorylation of fibroblast {a}, 
glial ib) and A-431 (c) cell membrane proteins. Cell membranes were 
prepared from serum-starved cultures of human foreskin fibroblasts (cell 
line AG 1523, obtained from the Human Genetic Mutant Cell Repository, 
Institute for Medical Research, Camden, New Jersey), human normal 
ghia-like cells (cell line 1508 CG from our own laboratory) and A-431 cells 
(obtained from J. E, De Larco, National Cancér Institute, Bethesda, Mary- 
land) according to Thom et al?" as modified in ref. 12; and were stored in 
aliquots suspended in 20 mM HEPES pH 7.4 at ~70°C for up to 2 months. 
The phosphorylation reaction was carried out at 0°C in a final volume of 
40 ui containing 40 ug (a, c) or 10 pg (b) of cell membrane protein (deter- 
mined according to Bradford*’), 20mM HEPES pH 7.4, 3mM MnCl, 
0.1% bovine serum albumin, 154M (y-"PJATP (33.3 kBq (a,c) or 
333 kBq (4)) and 100 ng PDGF (76 nM) or 40 ng EGF (167 nM). PDGF was 
prepared according to Heldin ef al?! and EGF was purchased from 
Collaborative Research. The cell membranes were preincubated with _ 
growth factors at 0°C for 10 min before the phosphorylation reaction was . 
started by adding ““P-ATP. The reaction was terminated after another 
10 min by adding 40 yl of SDS-sample buffer (80 mM Tris-HCI pH 8.8, 30% 
w/v sucrose, 3.6% SDS, 10mM dithiothreitol and 6.01% bromophenol 
blue) and heating at 95 °C for 3 min. After alkylation with iodoacetamide the 
samples were subjected to SDS-PAGE as described elsewhere*’, using 
polyacrylamide gradients of 5-10% (a, c} or 3-10% (6) and gel dimensions 
of 170x 1 mm. Gels were run at a constant current of 15 mA. After fixation 
in 20% $-sulphosalicylic acid for 1 h, staining with Coomassie blue, destain- 
ing and drying under vacuum, the gels were autoradiographed using intensi- 
fying screens (DuPont, Lightning Plus) and pre-exposed Kodak X-Omat AR 
films”. Exposure was at ~70 °C for up to 3 days. The following proteins were 
used as molecular weight standards: fibronectin (220,000), phosphorylase 6 
(94,000), bovine serum albumin (67,000), ovalbumin (43,000) and carbonic 
anhydrase (30,000). 
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Fig. 2 Phosphoamino acid analysis after PDGF-stimulated phos- 
phorylation. Glial cell membranes (10 wg) were incubated with *°P-ATP and 
PDGF and the incubation mixture analysed by SDS-PAGE (see Fig. 1 
legend). The phosphorylated 175,000-M, component was localized by 
autoradiography and the corresponding region of the gel excised. The gel 
piece was hydrolysed under vacuum in 200 u! 6 M HCI at 110°C for 2h. 
After removal of HCI by evaporation under reduced pressure at 37 °C, the 
sample was resuspended in 20,1 of acetic acid/formic acid/water 
(78:25 :897) containing 2 mg ml"! each of phosphoserine {Sigma}, phos- 
phothreonine (Sigma) and phosphotyrosine (synthesized according to ref. 
34). Two-dimensional chromatography was performed on cellulose thin 
layer plates (20 x 20 cm) as described previously’, that is, electrophoresis at 
pH 1.9 in acetic acid/formic acid/water (78:25:897) at 1 kV for 3h (first 
dimension) followed by ascending chromatography in isobutyric acid/0.5 M 
ammonia (3:3) (second dimension}. Autoradiography was performed as 
described in Fig. 1 legend. Standards were visualized by ninhydrin staining. 
Broken lines: ninhydrin staining of phosphoserine (P-Seri, phos- 
phothreonine (P-Thr) and phosphotyrosine (P-Tyr). The unidentified spot 
with the highest electrophoretic mobility probably consists of inorganic °P 
formed during the hydrolysis’. 


control incubation, in which no growth factor was added. Slight 
effects of PDGF were also seen in other components of the 
autoradiogram, associated with both increased (for example, a 
36,000-M, protein) and decreased (99,000 M.) phos- 
phorylation. In a separate experiment to determine the time and 
dose dependence of the phosphorylation reaction, stimulation 
of phosphorylation was observed after 1 min at 0°C and was 
maximal after 5 min; it was detectable in the presence of 8 nM 
PDGF and was maximal at 40 nM (not shown). 

A similar experiment investigated the effect of EGF on 
phosphorylation of human fibroblast and glial cell membrane 
proteins. In the presence of EGF, **P incorporation increased 
preferentially in a 170,000-M, protein of the fibroblast 
membrane preparation (Fig. la) and in both a 170,000- and a 
150,000-M, component of the glial cell membrane preparation 
(Fig. 15). This result is clearly distinct from that obtained with 
PDGF, indicating that different proteins serve as substrates for 
the kinases stimulated by the two factors. There is evidence that 
the EGF receptor proper is phosphorylated after stimulation 
with EGF", but whether PDGF binding induces phos- 
phorylation of the PDGF receptor in an analogous manner 
remains to be clarified. PDGF seems to be more potent than 
EGF, producing a higher degree of phosphorylation in fibroblast 
as well as glial cell membranes. This might be due to the 
presence of three-to-five timesmore PDGF receptors than EGF 
receptors, on both types of tès? 

The epitheligCell line A-431, whiclishas an unusually high 
number of ESF receptors”*, has been ghowri to lack high-affinity 
receptors: for PDGF. Membranes from this cell line were 
therefore;incubated with P-ATP and PDGF or EGF and the 
phosphorylation pattern analysed by SDS-PAGE (Fig. 1c). 
After ingybation, with PDGF the distribution of phos- 
phoproteins"was similar to that of the-contral carried out in the 
ateence of growth factor. As expected, however, EGF was 
active in this system, increasing the phosphorylation of proteins 
in the 140,000-160,000-M, region. The absence of an appreci- 
able effect of PDGF on membranes from this PDGF receptor- 
negative cell line in conditions where membranes from PDGF 
receptor-positive cells did respond to PDGF indicates that the 
response to PDGF was mediated by binding to the PDGF 
receptor. 

We also investigated the specificity of the PDGF-stimulated 
kinase activity with regard to the type of phospho-accepting 
amino acid residue involved. Human glial cell membranes were 
incubated with **P-ATP in the presence or absence of PDGF 











and the incubation mixture analysed on SDS-PAGE. The 
175,000-M, component was identified by autoradiography and 
the corresponding portion of the gel excised. After partial acid 
hydrolysis the phosphoamino acids were separated on cellulose 
thin layer plates by electrophoresis at pH 1.9 (first direction) and 
chromatography in isobutyric acid/0.5M ammonia (5:3) 
(second direction)’. Figure 2 shows an autoradiogram from this 
experiment, which indicates that the 175,000-M, component 
phosphorylated under the influence of PDGF contained only 
tyrosine-bound phosphate; no labelled phosphoserine or phos- 
phothreonine was detected. An identical result was obtained 
with the 175,000-M, **P-labelled product of fibroblast 
membranes. Analysis of the 130,000-M, protein also showed 
the presence of phosphotyrosine, although some phos- 
phothreonine and phosphoserine were detectable (not shown). 

In conclusion, PDGF stimulates tyrosine-specific phos- 
phorylation of two membrane components of human fibroblasts 
and glial cells with apparent Ms of 175,000 and 130,000, 
distinct from the 170,000-M, component phosphorylated in 
response to EGF. The precise relationship between the indivi- 
dual members of the growing family of tyrosine-specific protein 
kinases”*”° remains to be elucidated. As they seem to be 
involved both in the cellular response to growth factors, like 
EGF and PDGF, and in tumour-virus induced transformation, 
including the expression of abnormal growth properties, it is 
reasonable to believe that this type of enzyme participates in the 
mediation of growth regulatory signals. Therefore, PDGF and 
EGF, although they bind to separate cell-surface receptors”’, 
may function via similar or identical intracellular events, that is, 
tyrosine-specific phosphorylation of certain growth-controlling 
proteins. The similarity in some of the phenotypic properties of 
virus-transformed cells and those of PDGF- or EGF-stimulated 
cells might then be explained by an overlapping substrate 
specificity of the respective protein kinases. 
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Initiation of genetic recombination at meiosis in Ascomycete 
fungi is thought to occur from fixed sites, at least in the majority 
of events. The simplest way to initiate recombination from fixed 
sites would be if an endonuclease recognized them and cut one 
strand of the DNA duplex to allow formation of asymmetric 
hybrid DNA, as proposed in the Meselson-Radding model of 
recombination’. However data from the Neurospora crassa 
his-3 gene’ and the conversion patterns of a mutation in 
Schizosaccharomyces pombe’ and one in Sordaria brevicollis‘, 
require this idea of initiation to be modified. Here we propose a 
hypothesis of initiation that will accommodate these experi- 
mental observations, which involves the recognition of initia- 
tion sites by an endonuclease capable of migrating along a DNA 
duplex and that cuts in trans. 

Catcheside and Angel” have described a mutation in N. crassa 
in which the distal quarter of the his-3 gene with respect to the 
centromere has been transferred from linkage group I to linkage 
group VII. On crossing a strain carrying this mutation with 
strains having a complete Ais-3 gene, recombination events 
were observed in the section of the gene proximal to the break 
point, but which had been initiated from the distal cog site (see 
Fig. 1). From this they have inferred that recombination events 
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initiated at the cog site’, at the distal end of the gene, are capable 
of migrating down the gene and past the break point, before 
hybrid DNA formation. These observations require that the 
mechanism of initiation of recombination from fixed sites allows 
for the migration of the initiation event before hybrid DNA 
formation. 

The single mutations M26 in the ade6 gene of S. pombe’ and 
YS17 in the buff gene of S. brevicollis* are characterized by high 
conversion frequency, dramatic elevation of levels of interallelic 
recombination when the alleles are present in a cross and ability 
to modify recombination polarity. Such behaviour can best be 
explained if the effect of the mutations has been to introduce 
fortuitously a site for the initiation of recombination in their 
respective genes. Both mutations are also converted pre- 
dominantly to wild type, so that in crosses with wild-type strains, 
>95% of all aberrant asci produced have three wild-type: 
products of meiosis and one mutant (see Table 1). This obser- 
vation is clearly at odds with the simple idea of initiation of 
recombination, which would predict that if M26 and YS17 are 
initiation sites, they should be recognized by an endonuclease 
which would cut a single strand of their DNA duplex. This would 
provide a free single-strand end to invade one of the chromatids 
of the other parental type, as predicted by the Meselson- 
Radding model’, which would result in either correction back to 
wild type in the invading strand, which would go undetected 
because it would restore the normal allele ratio, or persistence of 
the heteroduplex section. Persistence of the uncorrected invad- 
ing strand would lead to postmeiotic segregation and a three 
wild-type plus five mutant spored ascus in S. brevicollis or an 
ascus generating one wild-type colony, one sectored colony and 
two mutant colonies in $. pombe. If correction to mutant ot- 
curred in the second strand of the invaded chromatid, then a two 
wild-type plus six mutant spored ascus would result in §. bre- 
vicollis or a one wild-type plus three mutant spored ascus in 9. 
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Fig. 1 Diagram illustrating results obtained by Catcheside and Angel” for recombination in the Ais-3 gene (thick lines) of N. crassa when 
heterozygous for a his-3 structural mutant. Not drawn to scale. I and VH indicate the linkage groups, 
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pombe, This mechanism cannot explain the observed six wild- 
type plus two mutant spored asci in $. brevicollis and three 
wild-type plus one mutant spored asci in 8. pombe. This pattern 
of behaviour is also observed in the Ais-3 gene of N. crassa. 
When only one parental strain in a cross carries the more active 
form of the cog site (cog), the other carrying a much less active 
form (cog), then alleles of the Ais-3 gene present on the mole- 
cule with the cog” site are preferentially converted to wild type 
with respect to alleles present on chromatids of the other 
parental type (cog), regardless of the normal gene polarity” (see 
Table 1). This therefore requires that the DNA strand carrying 
the initiation site becomes the recipient of hybrid DNA and not 
the donor. 

To accommodate all these observations, we suggest that 
initiation of recombination from fixed sites occurs by the 
following mechanism (see Fig. 2). It is assumed that the two 
homologous DNA molecules, one from each parent, are closely 
paired before nuclease action. An enzyme complex with 
endonuclease activity recognizes the fixed site (Fig. 2a) and 
either cuts a single strand of a chromatid of the other parental 
type (Fig. 2b), or migrates along the duplex that it has recog- 
nized before cutting in trans at some random position removed 
from the initiation site (Fig. 2c). This provides the single-strand 
end capable of producing hybrid DNA as described by the 
Meselson~Radding model’. This hypothesis clearly allows for 
the migratory capacity necessary to explain the results of 
Catcheside and Angel” and also explains the results obtained 
with M26, YS17 and cog” by allowing for the cutting of a DNA 
strand of different parental origin from the initiation site. 
Catcheside and Angel’ originally explained their observations 
by postulating that the nick or gap introduced at the initiation 
site was capable of being moved along the DNA strand by 
combined exonuclease and polymerase activity before giving 
rise to hybrid DNA. The migration of the initiating enzyme 
complex and the ability of a gap or nick to be moved along the 
DNA strand are not, of course, mutually exclusive, $o it is useful 
to examine the idea of nick or gap movement in the light of our 
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hypothesis. Catcheside and Angel” found that the presence of a 
fully active (cog*) site in only one of the N. crassa parental 
strains in a cross involving the his-3 interchange mutation 
affected recombination in the part of the gene beyond the break 
point. Recombination initiated from cog” was observed in this 
region only when cog” was in the chromosome carrying the 
complete his-3 gene and not when it was in the chromosome 
carrying the interchange (see Fig. 1). This suggests that if the 
endonuclease does cut in trans then either the nick or gap cannot 
move along the DNA strand or if it does so it is not recom- 
binogenic, and thus any gap or nick introduced into a complete 
his-3 chromatid by an endonuclease recognizing a cog” site in a 
chromatid carrying the interchange cannot result in recom- 
bination beyond the interchange point. 

The capacity of enzyme systems to carry out the functions 
required by this hypothesis has been demonstrated in different 
but closely related systems. Enzyme migration from a recog- 
nition site before acting has been postulated for the type I 
restriction endonucleases of Escherichia coli B and E, coli 
K-12°"'*, A protein in the recBC recombination pathway of E. 
coli is believed to recognize a particular nucleotide 
sequence'*'*, To account for the ability of this enzyme to 
promote recombination at a distance from such a hot spot, it has 
been suggested that the enzyme usually slides away from its 
binding site before nicking the DNA. The inability of an 
intervening non-homologous region to lower the recombination 
frequency showed that the movement from site of recognition to 
site of action could not involve the second DNA molecule. 
Diffusion along the DNA has also been proposed for deoxyri- 
bonuclease I of Ustilago maydis'°, Cutting in trans as a feature 
of recombination was proposed by Ross and Howard-Flan- 
ders'”''* for repair in E. coli of DNA containing cross-links as a 
result of exposure to psoralen and 360 nm light. An investiga- 
tion of recombination between phage A DNA damaged in this 
way and undamaged prophage A, showed that the damaged 
DNA led to cutting in trans of the undamaged homologous 
DNA. Homology of nucleotide sequence between the two 
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Fig. 2 Diagram illustrating the hypothesis for initiation of recombination. a, The endonuclease complex recognizes and binds to the initiation 

site. Then, either b, the endonuclease complex, while still bound to the initiation site, cuts in trans one strand of the second chromatid, or c, the 

endonuclease complex migrates along the chromatid which it originally recognized and cuts in fans one strand of the second chromatid at a 

position removed from the initiation site. In this case the enzyme migration leads to a cut being made beyond the interchange break in the second 

chromatid. After either of these alternative events, invasion of the unbroken chromatid by the free end of the cut strand may lead to hybrid DNA 

formation. The his-3 region of N. crassa with the interchange break in one chromatid, as illustrated in Fig. 1, is used here to demonstrate the two 
major features of the hypothesis. The thick lines denote the Ais-3 gene. Diagram not drawn to scale. 
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Table 1 Data from fungal crosses heterozygous for recombination 


initiation sites 





Favoured 
recombinant 
Species and ref. Parental genotype genotype 
+ 
Schizosaccharomyces + + 
pombe M26 4: 
M26 
+ 
+ 
+ 
Sordaria brevicolli 4 + + 
ordaria brevicollis iG 1 
+ 
YS17 
YS17 


M his-3° cog” N 


m his-3° cog n Mhis3” cog” N 


5 
Neurospora crassa 





M/m and N/n are flanking markers. +, Wild type. 


molecules was necessary for the cutting, which required the host 
recA gene function. Subsequently cutting in trans was demon- 
strated in vitro using damaged and undamaged molecules of 
phage ¢X174DNA (replicative form I) and crude E. coli 
extracts’’. 

Enzyme migration along the DNA from an initiation site, 
before hybrid DNA formation, offers an explanation for several 
features of eukaryotic recombination. First, it could account for 
the occurrence of crossing-over between the sites of alleles 
without either site apparently being included in hybrid DNA. 
Such crossing-over is frequent in some genes?’ but to account for 
the polarity often observed in recombination it is necessary to 
postulate initiation of recombination from fixed sites which 
appear to be outside genes, such as cog. Enzyme migration offers 
a solution to this paradox by allowing initiation from outside a 
gene to become manifest only within it on some occasions. 
Second, there is the mutant specificity of crossing-over between 
alleles (mutants 137 and 277 in series 46 of Ascobolus 
immersus*° and mutants 4 and 4b at the g locus in Sordaria 
fimicola?™™). As there is no hybrid DNA at either mutant site 
with such crossing-over, it was not obvious how the mutant 
specificity came about. If a mutant had a molecular structure 
that interfered with heteroduplex formation, selection for 
recombinants might imply selection for meiotic cells in which 
enzyme migration had moved hybrid DNA formation beyond 
the site of the mutation as in the case of the interchange 
mutation of his-3 in N. crassa. Work with spore colour mutants 
of A. immersus shows that mutations favouring crossing-over 
with an allele may be deletions. Thus, mutants 1028, 1130 and 
49 of series 19 appeared to be deletions because they showed no 
recombination with two or more closely linked alleles that 
recombined with one another. They showed frequent crossing- 
over with more distant alleles*’. Such multisite mutations might 
be expected to interfere with hybrid DNA formation. Third, 
enzyme migration would allow recombination of distal origin to 
effect conversion at a proximal site and vice versa, which may 
have some bearing on apparent cases of polarity reversal. 

The Meselson—Radding model of recombination is seen as the 
most likely consequence of these initiation steps because it best 
explains data on recombination in eukaryotes. Nevertheless 
there are alternative mechanisms which could give rise to 
recombination following the proposed method of initiation. 
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Genetic evidence indicates that the oncogenic potential of Rous 
sarcoma virus (RSV) resides in a single viral gene denoted src*”. 
The product of this gene is a 60,000-molecular weight (M,) 
phosphoprotein (pp60")** which is linked to the plasma 
membrane of RSV-infected cells’ by an interaction at its 
amino terminus’’. This protein is associated with a protein 
kinase activity’ capable of phosphorylating tyrosine residues 
in acceptor proteins", A closely related protein occurs in 
uninfected cells from a wide variety of vertebrates’””” and is 
presumably encoded by a cellular gene that is alleged to be the 
progenitor of src’***. Because detailed enzymological charac- 
terization of pp60™° has been hampered by a lack of sufficient 
quantities of purified material, we have produced a bacterial 
plasmid capable of expressing in Escherichia coli a protein 
closely related to pp60™. We report here the construction of this 
vector, which directs the synthesis in £. coli of large quantities of 
a protein having the size and immunological properties charac- 
teristic of pp60°°. In addition, we have demonstrated tyrosine- 
specific protein kinase activity associated with the bacterially 
derived protein, an observation which greatly strengthens the 
claim that the kinase activity previously observed to be asso- 
ciated with pp60™° represents a bona fide property of the 
protein. 

The general approach used for the bacterial synthesis of 
pp60°" was to express the protein as a fusion product involving 
the amino terminus of human growth hormone (HGH) (Fig. 1). 
HGH has been synthesized directly in F. coli under the control 
of both the lac promoter (pHGH107)”° and the trp promoter 
(pHGH207-1)"*. To minimize the involvement of HGH 
sequences while preserving the essential control elements of the 
plasmid (including promoter, ribosome binding site and start 
codon), we digested cloned pHGH207-1 DNA with Poull and 
BamHI and isolated the 4,350-base pair (bp) fragment which 
contains pBR322 sequences, the trp promoter and the first 23 
amino acids of HGH”. An EcoRI subclone of the Schmidt- 
Ruppin strain of RSV containing the entire src gene (pSRC- 
RI)” was cut with HaeII and BamHI, and the 2,334-bp frag- 
ment (encoding all of pp60°* except the first 14 amino acids) was 
ligated into the trp expression plasmid. From the known 
sequence of HGH” and pp60™° (ref. 22), such a construction 
was expected to join the HGH and pp60™° sequences in the 
proper reading frame; this was verified by DNA sequence 
analysis across the HGH-src junction (R. Najarian and 
P. Seeberg, unpublished results). After screening and 
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identification of the appropriate recombinant molecules, one 
such clone (pSRCex16) was tested for the expression of the 
60,000-M, HGH-src protein (p60) in E. coli. Because the trp 
promoter is induced by a lack of tryptophan in the medium, it 
was expected that p60 would be induced in pSRCex16-trans- 
formed cultures as depletion of tryptophan occurred. As a 
specific test of this, cultures of E. coli K12 strain 294 were 
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Fig. 1 Construction of a plasmid (pSRCex16) expressing p60. 
Cloned pGHG207-1 DNA”? was partially digested with Pvull, 
then digested to completion with BamHI. The 4,350-bp fragment 
containing the trp promoter, most of pBR322, and the first 69 
nucleotides of HGH was isolated from polyacrylamide gels by 
electroelution’*. Plasmid pSRC-RI (ref. 22) was partially digested 
with Haell, and the 3’ single-stranded cohesive termini removed 
using DNA polymerase I (Klenow fragment) in the presence of 
four dNTPs. The products were then digested to completion with 
BamHI, and the 2,334-bp fragment representing 375 base pairs of 
PBR322 and all but 42 nucleotides of the coding region of pp60"™ 
was isolated. The two isolated fragments were ligated to each other 
using T4 DNA ligase and transformed into E. coli 294 (ref. 33). 
Transformants were selected on LB plates containing 5 pg ml ' 
tetracycline (Tc) and screened for recombinant plasmid DNA by 
digestion with restriction enzymes. (Enzymes were from either 
New England Biolabs or BRL and were used according to 
manufacturer's instructions.) 
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transformed with either pBR322, pHGH207-1 or pSRCex16 
and grown to Assyo=0.25 or 1.00 in either LB broth (rich 
medium) or M9 broth (minimal medium). Tryptophan 
depletion, and consequent activation of the trp promoter, have 
been shown to occur by Asso = 1.0 in M9 medium?'”, Total 
cellular extracts were then prepared and the proteins visualized 
by Coomassie blue staining after electrophoresis on SDS-poly- 
acrylamide gels (Fig. 2). As expected, no overall change in the 
protein profile occurred in cells transformed with pBR322 
regardless of the growth state (Fig. 2a). However, in the 
PHGH207-1 extract (Fig. 2b), a prominent protein of 22,000- 
M, appeared after induction in M9 medium (lanes c, d); this 
protein was not observed after corresponding times in LB 
medium, in which tryptophan is abundant (lanes a,b). This 
protein represents mature HGH when synthesized under trp 
control*’, Figure 2c demonstrates that in bacteria transformed 
with pSRCex16, a protein of 60,000-M, was induced in M9 
medium; this corresponds to the size of the protein encoded by 
src**, The protein appeared selectively during late growth phase 
in M9 medium in bacteria transformed with pSRCex16 (Fig. 2c, 
lanes c, d), but not in similar cultures grown in rich medium (LB) 
(lanes a,b), strongly suggesting that it represents the trans- 
lational product of the src gene under the control of the trp 
promoter. We estimate that when induced, this protein rep- 
resents ~5% of total bacterial protein (170,000 molecules per 
cell). 

To characterize this protein further, we labelled cultures of E. 
coli transformed with either pBR322 or pSRCex16 with *S- 
methionine, and prepared lysates for immunoprecipitation. The 
specificity and efficacy of this procedure have been well docu- 
mented*”. Figure 3a illustrates that antiserum reactive against 
pp60"* (TBR serum) specifically precipitated a protein of 
60,000 M, from labelled extracts derived from the 
294/pSRCex16 culture (lane d). No corresponding protein was 
seen with control serum, nor was this protein precipitated when 
TBR serum was used with an extract derived from a 
294/pBR322 culture (lane b). As a further test of specificity, we 
analysed the bacterially derived 60,000-M, protein by partial 
hydrolysis with the V8 protease of Staphylococcus aureus, 
according to the procedure of Cleveland et al.**. The digestion 
products of bacterially produced p60 are virtually identical to 
those of RSV-encoded pp60 produced in transformed verte- 
brate cells, when analysed either by **S-methionine labelling or 
by Coomassie blue staining (A.D.L. and Hermann Oppermann, 
unpublished data). 

There is much evidence which suggests that the protein kinase 
activity observed in preparations of pp60*" purified from RSV- 
transformed vertebrate cells represents an inherent property of 
the protein'*'***; direct evidence, however, has proved elusive. 
We therefore assessed the enzymatic activity of bacterially 
derived p60. We prepared lysates of recombinant E. coli strains 


C 


Fig. 2 Analysis of total cellular 
proteins in E. coli transformed 
with recombinant vectors. E. coli, 
transformed with pBR322 (a), 
pHGH207-1 (b), or pSRCex16 (c) 
were grown to Asso= 0.25 (lanes 
a,c) or Asso = 1.0 (lanes b,d) in 
rich medium (lanes a, b) or minimal 
medium (lanes c, d) and total cell 
lysates from 3x10” cells were 
prepared for SDS-gel electro- 
phoresis as described else- 
where”. Proteins were visualized 
by Coomassie blye staining. 
Molecular weight markers 
(obtained from BioRad) were 
electrophoresed in parallel. K 
represents 1,000 M,. 
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Fig. 3 Analysis of E. coli strains a 
transformed with recombinant vectors. 
a, Immunoprecipitation of p60 syn- 
thesized by E. coli, Cultures (2 ml) of E. 
coli strains transformed with either 
pBR322 (lanes a,b) or pSRCexl6 
(lanes c, d) were grown to Asso = 1.0 in 
M9 medium (10° cells) containing 
5 pg ml tetracycline, pelleted, 
washed, re-pelleted and suspended in 
2 ml of M9 supplemented with 0.2% 
glucose, 1 ug m`’ thiamine, 20 pg mi~’ 
standard amino acids (except 
methionine, which was 2 ug m!~' and 
tryptophan which was excluded) 5 pg 
mi’ tetracycline and 20,yCim!”’ 
**§-methionine (1,200Ci mmol”; 
NEN). After incubation at 37°C for 
30 min, bacteria were pelleted, resus- 
pended in 0.2 ml 25% sucrose, 50 mM 
Tris pH 8.0. Lysozyme was added to 
1 mgm’. After incubation at 4°C for 
10 min, the extract was adjusted to 
0.5% NP-40, 0.4 M NaCl, 5 mM MgCl, 








and DNase added to 100 ug ml‘ (Worthington). The extract was incubated at 4 °C for 15 min to reduce the viscosity, clarified by centrifugation at 10,000 at 4 °C for 
5 min, and 10% of the supernatant immunoprecipitated with normal baby rabbit serum (lanes a, c) or TBR serum (lanes b, d) and analysed by electrophoresis in 
polyacrylamide gels as described elsewhere". The autoradiogram was exposed for 3h. b, Immunoprecipitation of a src-specific protein kinase activity from 
recombinant E. coli strains. Cultures (1 ml) of E. coli strains transformed with either PBR322 (lanes a, b) or pSRCex16 (lanes c, d) were grown to Ass = 1.0 in M9 
medium containing 5 ug m`’ tetracycline. The bacteria were pelleted and lysates prepared as in a. Samples were immunoprecipitated with normal baby rabbit serum 
(lanes a, c) or TBR serum (lanes b, d) and IgG kinase assays performed and analysed as described elsewhere'’. c, Identification of amino acids phosphorylated by viral 
pp60"" and bacterially derived p60. Immunoglobulin heavy chains phosphorylated by pp60"* from RSV-transformed rat cells"* (lane a) and p60 isolated from E. coli 
(lane b) (see Fig. 2b) were isolated, subjected to partial acid hydrolysis and analysed on cellulose thin-layer plates as described elsewhere'*; 4,500 c.p.m. from each 
heavy chain were applied to the origin (marked by an arrow). Autoradiography was performed using a fluorescent screen for 8 h. Markers (P-Ser, phosphoserine; 
P-Thr, phosphothreonine; P-Tyr, phosphotyrosine) were run as internal standards and visualized by ninhydrin staining. (Phosphoserine and phosphothreonine were 


from Sigma; phosphotyrosine was provided by H. Oppermann.) 


harbouring either pBR322 or the p60 expression plasmid 
(pSRCex16), and kinase activity capable of phosphorylating 
anti-pp60"* antibody was assayed after purification by 
immunoprecipitation as described elsewhere“. Figure 36 (lane 
d) demonstrates that such a protein kinase activity is present in 
bacteria expressing p60. No activity was present in bacteria not 
synthesizing p60 (lanes a, b), nor was activity observed in either 
case when normal serum was used (lanes a, c). 

Previous evidence’*'* has indicated that the kinase activity 
associated with pp60™" phosphorylates acceptor proteins at 
tyrosine residues rather than at serine and threonine residues, 
which more typically serve as targets of protein kinase action. To 
examine the substrate specificity of p60 produced in E. coli, we 
characterized the amino acid on the IgG molecule phos- 
phorylated by bacterially derived preparations of p60. **P- 
labelled IgG was isolated and subjected to acid hydrolysis, and 
the resulting free amino acids separated by TLC’. Figure 3c 
reveals that all detectable incorporation of label into antibody 
occurred at tyrosine residues following reactions using either 
pp60*° derived from RSV-transformed rat cells'* as a control’? 
(lane a), or p60 derived from E. coli (lane b). We have attempted 
to label E. coli harbouring the p60 expression plasmid with °P 
in vivo to identify possible bacterial targets of p60 action, but 
have so far been unsuccessful. Similarly, we have been unable to 
detect any ‘self’ phosphorylation of p60 in vivo. 

The specificity of the IgG kinase assay has been well 
documented*’''*'’, and has provided the basis for the 
conclusion that pp60*° possesses protein kinase activity. 
However, the possibility that pp60"~ specifically interacts with 
and activates a cellular protein kinase responsible for this 
activity has not been excluded. Our demonstration that 
bacterially derived p60 also exhibits protein kinase activity 
addresses this issue, as given the considerable evolutionary 
divergence between bacteria and vertebrates, and more 
specifically the lack of any detectable homology between the src 
gene and DNA from E. coli, we would expect no specific 
interaction between the avian gene product (p60) and protein 
kinases of E. coli. Furthermore, E. coli has been reported to 
exhibit no****, or only a very low level” of protein kinase 
activity that is specific for phosphorylation at serine and 
threonine residues*’*’, We therefore consider that this demon- 
stration of tyrosine-specific protein kinase activity in a highly 
purified bacterially derived preparation of p60 lends consider- 


able support to the conclusion that this enzymatic activity 
represents an intrinsic property of the molecule. 

We thank J. M. Bishop for providing the pSRC-RI clone and 
for helpful discussions, H. Opperman for TBR sera and assis- 
tance with the phosphoamino acid analysis, F. Fields for tech- 
nical assistance, D. Goeddel and D. Kleid for advice, and R. 
Swanson for support and encouragement. 

Note added in proof: Since the submission of this letter, similar 
results have been published by Gilmer and Erikson*’. 
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Mice have three functional a-globin genes and two closely 
related pseudogenes’ *. In BALB/c mice, the functional genes 
are known to be clustered on chromosome 11, but the pseudo- 
genes, designated ay/3 and a4, are located on chromosomes 
15 and 17, respectively“. One of the pseudogenes, ays3, has 
precisely lost the intervening sequences characteristic of the 
functional genes’, as if it had been generated from a processed 
RNA intermediate. It has been suggested that retroviral 
functions could have been instrumental in the formation of this 
‘spliceless’ pseudogene® and its integration at a novel 
chromosomal locus’. We report here that retrovirus-like ele- 
ments are located on both sides of the ays3 gene. 

The genome of Mus musculus contains, in addition to en- 
dogenous type B and C retroviral genes, 1,000-2,000 copies of 
retrovirus-like elements related to the mouse intracisternal type 
A particle (IAP). The IAP-related sequences are associated 
with many if not all of the mouse chromosomes’. We have 
isolated multiple examples of IAP genes from BALB/c DNA as 


9.10, 


recombinants in A phage Charon 4A°"; a common form is 


Fig. 1 Heteroduplex mapping of IAP sequen- 
ces in BALB/c genomic clones containing the 
pseudo a-globin gene aw3. The cloned genomic 
fragments were derived from mouse embryo 
DNA by partial Haelll digestion and inserted 
into A Charon 4A via EcoRI linkers. All the 
inserts are shown in the same orientation with 
respect to the phage arms, that is, with the left 
arm towards the left of the figure. The 5'-3' 
orientations of the genes themselves are indi- 
cated by arrows. The A arms are not shown. The 
heteroduplexes were prepared and examined as 
described previously”’'”. a, Diagrams of two pre- 
viously mapped recombinants”'” containing 
7.3 kb IAP genes in opposite orientations. The 
IAP sequences are indicated by heavy lines with 
thickened ends representing the LTRs. The 
flanking sequences in the two clones (thin lines) 
are unrelated. b, Two recombinants known’ to 
contain aw3 gene sequences (filled bars) in the 
indicated locations. The cloned fragments rep- 
resent overlapping segments from the same 
region of the mouse genome’; however, in 
AwW3-1, a cloning deletion (A) has interrupted the 
aw3 gene (jagged edge) and brought it into con- 
tinuity with more distant downstreams flanking 
sequences (light broken line). c, Typical 
heteroduplex between Aaw3-1 and AMIA14. A 
relaxed SV40 DNA molecule (*) provides a 
5.2 kb size standard. d, Heteroduplex between 
AawW3-2 and AMIA2. e, f, Semi-diagrammatic 
representations of the heteroduplexes in c and 
d, respectively, showing the known positions of 
the IAP and aw3 sequences on the individual 
strands. The A arms are indicated by heavy 
broken lines. g, The two aw3-containing clones, 





about 7.3 kilobases (kb) long, colinear with the IAP 35S 
genomic RNA and bounded by 0.3-0.4 kb of terminal repeated 
sequences (LTRs). Deleted forms of the IAP genetic units have 
also been observed’. 

As IAP genes are abundant and widely distributed 
throughout the mouse genome, and as integrated retroviruses 
can have important effects on nearby genetic elements’, we 
(K.K.L. and E.L.K.) have been systematically searching for 
proximities between IAP and other known mouse genes. Orig- 
inally, we found IAP-related sequences associated with 1% of 
recombinants in a mouse genomic library consisting of ~15 kb 
inserts in A phage’. Since then, we have tested 98 recombinants 
selected because they contained an identifiable mouse gene 
(unrelated to IAP genes). Five of these clones gave positive 
reactions when the DNAs were spotted on nitrocellulose 
membranes and hybridized with **P-labelled DNA prepared 
from an isolated IAP gene, MIA14 (refs 9, 10). Among 13 
recombinants containing the various a-globin genes and pseu- 
dogenes’, positive reactions were confined to 2 containing the 
aw3 sequences. As described below, the spatial relationships 
between IAP and pseudogene regions were then determined by 
examining heteroduplexes between these clones and two 
representative recombinants that contain IAP genes in known 
orientation and position with respect to the A arms’. 

Some structural aspects of the recombinants used for 
heteroduplexing are indicated in Fig. 1a, b. The IAP isolates do 
not share flanking sequences and have no known topographical 
relationship to one another. The two aw3-containing clones 
represent overlapping fragments that span about 22 kb of the 


' mouse genome’. In aw3-1, a deletion (A) has interrupted the 


pseudoglobin sequence and brought the truncated gene into 
juxtaposition with DNA sequences that are located at some 
distance downstream in the intact genome. In ay3-2, the orig- 
inal relationships of the aw3 gene to its flanking sequences have 
been maintained; this clone shares sequences with ayw3-1 in the 
region of overlap to the left of the pseudogene (see also Fig. 1g). 

Representative heteroduplexes are shown in Fig. 1c, d, while 


fp-n--——--------------0 


25 30 kb 


showing the positions and orientations of the IAP sequence elements. In Aaw3-1, the presence of the cloning deletion (A) is indicated and 
the right-hand flanking sequences are detached to show that they occupy a position downstream in the intact mouse genome’. 
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Fig. le, f show the individual strands of each heteroduplex, on 
which we have indicated the known locations of the IAP and 
pseudoglobin sequences. In Fig. 1c, e, the Aaw3-1 strand shows 
4 kb of homology with the IAP gene in AMIA14 before being 
interrupted at the junction with the A arm. The IAP and aw3 
sequences in this clone have opposed 5'-3' orientations. Aaw3-2 
also has a major region of homology with the IAP gene in 
AMIA2 (Fig. 1d, f). The IAP sequences in this clone show two 
major alterations with respect to the complete IAP gene; one 
involves the loss of 0.8-1 kb of 5’ sequence including the 5’ LTR; 
the other represents the deletion of 3 kb of internal sequence. It 
is unlikely that these deletions are artefacts produced in cloning 
because deletions of similar size and position have been seen in 
several other IAP gene isolates*'’. In fact, three of the other 
IAP genes found in association with known mouse genes 
contained deletions (K.K.L. and E.L.K., unpublished obser- 
vations), Figure 1g summarizes the locations of the IAP and 
aw3 sequences in the Aay3 clones. The structures of the clones 
as deduced from the heteroduplexes were confirmed by restric- 
tion enzyme analysis and hybridization with specific probes 
derived from selected regions of the IAP gene (data not shown). 

Figure 2a shows a reconstruction of the genomic region 
encompassing the aw3 gene in BALB/c mice. This putative 
arrangement, in which the gene is bracketed at a distance of 
~4 kb on either side by IAP sequences (IAP’ and IAP”), was 
verified by direct restriction analysis of cellular DNA. The 
individual aw3-containing clones were first mapped with 
respect to several restriction endonuclease sites and these sites 
were positioned on the reconstructed genomic segment (Fig. 
2b). The predicted restriction fragments were then sought in 
digests of BALB/c embryo DNA using hybridization probes 
(see Fig. 3 legend) derived from the 4.7 kb aw3-containing 
EcoRI fragment shown in Fig. 26. The results (Fig. 3) were 
entirely consistent with the proposed gene order. The 11.5 kb 
SstI fragment provided the most direct evidence for this 
arrangement because it is defined by sites located in the two IAP 
sequences themselves (Fig. 2). SstI fragments of the same size 
were detected with the aw3 probe in the DNAs from several 
other mouse strains and cell types (livers of AKR/N, C3H, A, 
C57BL and NIH Swiss mice, BALB/c myeloma and 3T3 fibro- 
blasts), suggesting that the gene order may be a general property 
of M. musculus laboratory strains and is relatively stable in 
conditions of continued cell division. 

Retroviruses are known to acquire and transmit cellular 
genes®'*'> and Goff et al. have emphasized that such transfer 
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Fig. 2 Putative arrangement of aŅ3 and IAP sequences in the BALB/c 
genome and some restriction endonuclease fragments predicted from this 
arrangement. a, The continuous bar represents a 23 kb segment of genomic 
DNA reconstructed from the two individual aw3 clones shown in Fig. 1g. 
The expanded gene sequences at the top show the positions of the IAP LTRs 
and the two deletions in IAP”. The vertical broken lines in the ay3 gene 
indicate the positions of two intervening sequences found in the closely 
related functional adult a-globin genes but absent in this pseudogene’. 
b, Putative locations of Ss, Poull, BstEIl and EcoRI restriction 
endonuclease sites in the regions flanking the a3 gene. The individual 
AawW3 clones were first mapped with respect to the enzymes, using probes 
derived from the 4.7 kb aw3-containing EcoRI fragment separately cloned 
in AgtWES*. When these sites were then positioned on the reconstructed 
genomic region, they yielded the indicated set of predicted fragments. 
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Fig.3 Comparison of observed genomic restriction endonuclease frag- 

ments with those predicted from the sequence arrangement shown in Fig. 2. 

BALB/c embryo DNA was digested to completion with the indicated 

enzymes and digests equivalent to 20 pg of DNA were applied to each lane 

for electrophoresis in 1.2% agarose gels. After transfer to nitrocellulose 
membranes the fragments were hybridized sequentially with **P-labelled 
fragments derived by BsfEIl cleavage of the 4.7 kb awW3-containing EcoRI 
fragment (cloned in AgtWES) shown in Fig. 24. The blots were autoradio- 
graphed after each hybridization step. In this way, the reactive fragments in 

the BstEII and Poull genomic digests were identified in terms of their 5' or 3’ 

position with respect to the aw3 gene. The observed sizes of the reactive 

restriction fragments are shown in upright numerals, the predicted sizes 

in italics, 
can result in the loss of intervening sequences within the 
acquired gene after one cycle of virus infection. The topo- 
graphical relationships shown in Fig. 2 lead us to ask whether 
IAPs could have had a role in generating the aw3 gene and/or 
bringing it to its present location. Because the observed 
organization of the [AP sequence elements on either side of the 
awWw3 gene does not permit us to construct a straightforward 
model for the events in question, it cannot be ruled out that the 
observed spatial association is fortuitous. On the other hand, 
although IAPs are not horizontally infectious, they do have 
several retrovirus-like properties, and their LTRs have a retro- 
viral type of organization™™'* and contain signal sequences 
appropriate for the initiation and termination of RNA transcrip- 
tion (L. A. Smith and E. L. Kuff, unpublished observations). 
In addition, IAPs are expressed in pre-implantation 
embryos'*"'’, that is, at a developmental stage that would 
facilitate integration of a recombinant provirus into germ-line 
DNA. 

Perhaps the evolutionary aspects of the situation offer the best 

hope of resolving this problem. It has been estimated that a 
functional precursor of the a3 pseudogene may have been 
generated about 24 Myr ago and eventually become inactive as 
long ago as 17 Myr'*. Even allowing for major uncertainties 
inherent in such calculations, these intervals are large with 
respect to the estimated time of divergence of mouse and rat 
species from a common ancestral form'’*’. IAP-related 
sequences are found not only in these*’*’ but in other more 
distant rodent species such as gerbil and Syrian hamster”, so 
that it is likely that IAP genes or their evolutionary precursors 
were extant at the time the ancestral a3 pseudogene was 
formed. Comparative observations using gene libraries pre- 
pared from other species may clarify the possible role of IAPs in 
the evolution of the pseudo a-globin gene. 
Note added in proof: Evidence has recently been obtained for 
the presence of aw3 genes in the DNAs of other species of Mus 
and of other more distantly related rodents such as rat, gerbil 
and hamster (R. Taub and A. Leder, unpublished observa- 
tions). 
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Washington, Seattle, Washington 98195, USA 


Immunoglobulin A light chains in the mouse comprise three 
types: À 1, A2 and A3 (refs 1-3 respectively) and are encoded by 
three constant region (CA ) and two variable region (VA) genes. 
The CA2 and CA 3 protein sequences differ at only 5 amino acid 
positions whereas CA1 differs from both by about 30 amino 
acids. The CA 1 and CA3 genes are closely linked‘, separated by 
~3 kilobases (kb) of DNA. The CA2 gene is closely linked to a 
CA4 gene, but is an unknown distance from the CA3~-CA1 
cluster**. Although the CA4 gene shares homology with CA1, 
we show here that it represents a pseudogene. Only two germ- 
line V genes appear to be expressed in mouse A chains: VA 1 is 
used in association with either CA 1 (ref. 1) or CA 3 (ref. 6), while 
VAZ has only been found with CA 2 (ref. 2). Differential gene 
expression is observed in the A locus. Among mouse serum 
antibodies, À 1 chains occur 10 times more frequently than A2 
(ref. 7) or A3 (ref. 3) chains while A4 chains have not been 
identified. We have now searched for structural differences 
between CA genes which could explain this differential expres- 
sion. Our nucleotide sequence analysis indicates that CA 4 is not 
expressed due to an inactive RNA splice site. Although no 
structural defects were found in CA 2 or CA 3, substitutions in the 
rearrangement recognition sequences associated with JA2 and 
JA3 segments, together with nearby competing pseudo recog- 
nition sequences, may explain the relatively low levels of CA2 
and CA3 gene expression. 

Immunoglobulin gene expression requires the recom- 
binational joining of V and C gene segments via a small joining 
(J) DNA segment*"’. J segments characteristically display V-J 
joining and RNA splicing recognition sequences separated by a 
short coding sequence (13 amino acids). We have found J 
segments 1.2-1.4 kb 5’ of each CA gene (Fig. 1). In each JA 
segment, sequences showing homology to V-J joining and RNA 
splice sites are observed (Fig. 2). In the JA1, JAZ and JA3 genes 
the coding sequences correspond exactly to the J peptide seg- 
ments in À 1, A2 and A3 light chains respectively (refs 2, 12 and 
H. Eisen, personal communication), 

The J region associated with CA4 was of particular interest 
because A 4 proteins have not been observed among mouse light 
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chains; comparison of the JA4 sequence with the closely 
homologous JA1 sequence suggests an explanation for this 
observation (Fig. 2). Relative to JA1, JA4 has both a deletion of 
two nucleotides near the beginning of the coding sequence anda 
nucleotide substitution in a critical position of the RNA splice 
site. The substitution changes the G-T, found in all 5’ intron 
sequences’*, to an A-T. Even if this unconventional splice site (a 
in Fig. 2) were used, the 2-base pair (bp) deletion at the 
beginning of JA4 would result in a shortened, and possibly 
nonfunctional, mRNA. A possible alternative splice site for JA4 
(b in Fig. 2) results in termination codons in all mRNA reading 
frames, either in JA4 (Fig. 2) or in CA4 (E.S., J.M., R. Wilson 
and U.S., in preparation). Apparently, rearranged VA 2-JA 4- 
CA4 genes would not result in an active mRNA. Thus, CA4 
represents a nonfunctional pseudogene. 

Although the events leading to the inactivation of the CA4 
gene cannot be ordered unambiguously, it is possible that, like 
Jx3 in the x gene complex®”’, JA4 initially became inactive due 
to an alteration in its RNA splice site. Subsequent evolutionary 
drift could have resulted in the 2-bp deletion. 

Mouse « and H chain C genes are associated with four 
functional and one nonfunctional J gene segment®'’. Known A 
protein chains only contain one type of J segment: JA1 for A1, 
JA2 for A2 and JA3 for A3 (refs 12, 2 and H. Eisen, personal 
communication, respectively). A corresponding J segment is 
present 5’ of each of the CA genes (Fig. 1). No additional J 
segments were found in the regions 250-350 bp 3’ of JA 1, JA2, 
JA3 or JA4, that is, at the distance J segments are spaced in « and 
H chain genes. 

However, there is another J-like region 601 nucleotides 3' 
from the end of JA3 (see Fig. 1). Identified by sequences 
homologous to V~J recombination and RNA splice sites, this J 
also contains a potential coding region of the appropriate length, 
in which all three possible reading frames are open (Fig. 2). 
Nevertheless, certain characteristics of J regions are missing. 
First, the recognition sequence contains a poorly matched 
heptamer. Second, the nucleotides in the potential coding region 
have little resemblance to those of known J segments. Further- 
more, this resemblance is no greater when these nucleotides are 
translated into amino acids in any of the three open reading 
frames. We conclude that this is a pseudo J region (WJA3). WJA3 
differs in structure from the recently detected wJH, which 
contains in-phase termination codons’”. 

Although we find a pseudo J sequence associated with CA 3, in 
the analogous position relative to CA 2 there is no well matched 
V-J recombination or RNA splice site (d (downstream) JA2 in 
Fig. 2). Sequences similar to V—J joining sites are found 117 and 
113 bp 3’ of JA1 and JA4 (dJA 1 and dJA4 in Figs 1, 2). It appears 
possible, therefore, that, like Cx and CH genes, CA genes once 
had associated multiple JA sequences but these have been 
partially lost during evolution. 

Do the primary DNA sequences of A genes suggest a basis for 
the differential serum concentrations found for A1, A2 and A3 
protein chains? Comparison of CA1 and CA3 is most straight- 
forward because both are associated with VA 1 in the respective 
light chains. As only the very conservative substitutions, Trp- 
Val in JA 1 compared with Phe~Ile in JA 3, are found in the third 
hypervariable region ** of germ-line A1 and A3 genes (Fig. 2), it 
seems unlikely that differential expression of A 1 and A3 results 
from different affinities for antigen. In addition, we have found 
normal RNA splicing and translation termination signal 
sequences associated with CA2 and CA3 as well as with CA 1 (the 
sequencing strategy for the CA genes is shown in Fig. 1; data will 
be presented elsewhere: E.S., J.M., R. Wilson and U.S., in 
preparation). Thus, the low levels of CA2 and CA3 proteins in 
mouse serum are not due to any apparent faulty processing 
signals associated with the CA2 and CA3 exons. 

Although preferential association of the CA1 protein region 
with CH regions cannot be ruled out, structural features in the 
DNA sequences flanking the J genes could explain the differen- 
tial gene expression. All J segments associated with mouse «®”, 
H'*"' and A * genes and human « genes (P. Hieter, J. Maizel and 
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Fig. 1 Organization and sequence 
analysis of the four CA genes. 
Sequencing strategy of the four CA 
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genes and their corresponding J J3 Wd3 CA3 J1 dJ4 Ch 
regions (open boxes). Clones E 8 8 
containing either the CA3-CA 1 (ref. Sh SE 
4) or the CA2-CA4 (ES., J.M., R. a os ee aasi aes) a ee 
Wilson and U.S., in preparation) ge — oe p oe 
gene clusters were obtained from a SE ees — [ — 
BALB/c kidney DNA library. The 

distance between CA3 and CA1 is Jo dJ2 Ca2 J4 dua Crs 

3.2 kb, that between CA2 and CA 4 is 8 8 E 


3.0kb. The sequence was deter- 
mined by the dideoxynucleotide 


eek 22 —+ me oto ———— 1— p. 
termination method“ as described -—— ——— +-——— | — ies 
previously” or in conjunction with j et 


M13 cloning vectors”. The direction 

and extent of the sequence deter- 

minations are indicated by arrows. 

The pseudo (7) and downstream (d) 

J regions are described in the text. E, 
EcoRI; S, SacI. 


P. Leder, personal communication) are preceded 5’ by two 
blocks of conserved ‘recognition’ sequences presumed to be 
involved in V-J joining: a nanomer with the consensus sequence 
GGTTTTTGT separated by a spacer of 12 (A) or 21-24 (x and 
H) nucleotides from a heptamer with the consensus sequence 
CACTGTG. Differences in the JA1 and JA3 recognition 
sequences could explain the unequal expression of Al and A3 
genes, assuming homology with the consensus recognition 
sequence determines the frequency of V-J joining. The recog- 
nition sequences of both JA1 and JA3 exhibit three mismatches 
when compared with the consensus sequence (Fig. 2). However, 
the mismatches in JA3 are all clustered at the 3’ end of the 
nanomer whereas those in JA1 are distributed over both the 
nanomer and heptamer. No J« or JH recognition sequences 
exhibit multiple mismatches at the 3’ end of the nanomer. 

Also striking in the JA3 recognition sequence is the presence 
of ‘interfering’ nanomers. The %JA3 gene possesses a nanomer 
which shows greater homology to the consensus sequence than 
does the JA3 nanomer. Also, extraneous nanomers occur in the 
recognition sequence spacers of both JA3 and wJA3 V-J joining 
sites (Fig. 2), which are also more homologous with the consen- 
sus nanomer than is the functional JA3 nanomer. No other JH, 
Jk, or JA (except JA2, see below) exhibits a nanomer sequence in 
the recognition site spacer. These extra recognition sequences 
surrounding the JA3 region might create substrate competition 
for putative V-J recombination proteins, which could then 
interfere with correct recombination to JA3, and so decrease the 
ratio of VA1-JA3 to VA1-JA1 rearrangements. 

Although it is not known whether A2 containing immuno- 
globulins have less affinity for common antigens than those 
containing A 1, the low level of A2 expression could result from 
the same structural defects as in 43. For example, there are 


V-J recombination 
recognition site 
t tót 


kk kx 
GGTTTTTGT 


deviations from the consensus sequence clustered at the 3’ end 
of the JA2 nanomer and an interfering nanomer exists in the 
recognition site spacer which is more closely matched to the 
consensus than is the JA2 nanomer. In addition, JA4 and dJA4 
could compete with JA2 for VA2 rearrangements. As both JA4 
and dJA4 lack functional RNA splice sites, any rearrangement 
into these J regions would lead to a nonfunctional transcription 
unit. These structural features, in and around JA2, could inter- 
fere with proper VA2-JA2 joining and result in decreased 
expression of A2. 

JA 1 is also associated with an interfering recognition sequence 
(dJA 1, see Figs 1, 2). This sequence is not as well matched to the 
consensus as is JA 1 and, therefore, less likely to interfere with A 1 
expression. Thus, the differential expression of the A isotypes in 
normel mouse serum correlates well with the structural integrity 
of the J region associated with the individual CA genes. 

The A gene family not only shows variation in isotype expres- 
sion, but as a whole represents only 5% of mouse serum 
immunoglobulin light chains’’®. Studies of individual immuno- 
globulin-producing cells have also indicated that the rear- 
rangement frequency is much lower for A genes than for « 
genes'’’*®, Note that all functional J segments associated with CA 
genes exhibit a 3’-terminal C or G residue in their recognition 
sequence nanomers. Because this position is invariably a T in all 
other Jk and JH segments, it is tempting to speculate that these 
substitutions might particularly affect the V-J joining rate. 
However, as several components may differently affect A and x 
genes (such as antigenic selection, specific mechanisms which 
might rearrange « genes before A genes) it would be premature 
to implicate a specific position in the nanomer sequence. In 
particular, the ratio of A and x rearrangements may only reflect 
the different numbers of V genes (50-2,000 for «'*”° compared 

RNA splice 
site 


AGETRAG 
Fig.2 Comparison of the A J region 


Consensus J CACTGTG 
JrAl  GTTTTTTGC atgagtctatat CACAGTG 

dJaAl GCTTTTTGT tgtatactttcc CITTCTG 

JA2 GGTTTTGGG ttgGGTTTTAGT CATTGTG 

dJA2 GGATCCCGC tgtttcacattte CATTGCC 

Jà3  GGTTTAGGG ttgGGTTTCAGT CACTGTG 

¥Ja3 GGATTTTGC tGTTTTGTGTttce CGTTGCC 

Ja4  GITTTTTGC attagactatat CAGTGIT 

-+ 

dJà4  GATTTTTGT tggataatttct CATTATG 


ctgggtgttcggtggaggaaccaaactgactgtcctAGGTGAG 
TrpValPheGlyGlyGlyThrLyeLeuThrValLeuGly 


tattctgcttcatacctatacttcacactaggtaaagaatttct 


ttatgttttcggcggtggaaccaaggtcactqtcctAGGTAAG 
TyrValPheGlyGlyGlyThrLysValThrValLeuCly 


agcttctcgttttcctcaaatggcctagtatatgcaggagatca 


gtttattttcggcagtgqgaaccaaggtcactgtcctAGGTAAG 
PheIlePheGlySerGlyThrLyeValThrVatLeuGly 


aggttctttttcctcaaatggcctattgtatgcaggAGGTCAG 
ArgPhePhePheLeuLysTfrpProlleValCysArgArg 
GlySerPheSerSerAenGlyLeuLeuTyrAlaGlyGly 
ValLeuPheProGinMetéAlaryrCysMetGinGluVal 


a b 
gggtgttcggaggtggaaccagattgactgtcctAGATGABTGAC 
GlyCysSerGluVatGluProAepfer = = 
GlyValtArgArgIrpAsnGinLeud spCysProArgirer 

VatPheGlyGlyGlyThrargiceuThrValLeudepGlu 


tattctacttcatqcctaaacttcactctaggtcgaataatc 


DNA segments. The DNA sequen- 
ces were obtained as described in 
Fig. 1 legend. Rearrangement rec- 
ognition sequences and RNA splice 
sites are in capital letters. Differen- 
ces from the consensus sequences 
(see text) are underlined. a And b 
indicate possible RNA splice sites in 
JA4. dJAl, dJA2, dJA4: recognition 
sequences located 117, 600 and 
113 bp respectively 3’ of the begin- 
ning of the nanomer preceding JA1, 
JA3 and JA4. * Indicates positions of 
the J recognition sequences which 
are invariant in functional x and H 
genes. >, Only reading frame of JA4 
which, using RNA splice site a, 
would also be open in CA4. 


430 


Nature Vol. 295 4 February 1982 





with 2 for A) associated with these families. If recombination 
occurs equally at A and x recognition sites and functional 
recombinations represent only a portion of these events, then 
the observed A/x rearrangement ratio could merely be a 
statistical phenomenon. Further investigation will be required 
to clarify this point. 

Our studies suggest that differences in the J regions may have 
profound effects on the level of immunoglobulin gene expres- 
sion. In particular, clustering of mismatches at the 3’ end of J 
gene recognition nanomers and competition by interfering 
recognition sequences may be important. The degree of alter- 
ation of the JA regions is well correlated with their respective 
frequency of expression. Such alterations may also explain the 
cis-dominant defect that results in very low levels of A 1 expres- 
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sion in the SJL mouse strain’. In addition, we have found that 
the J region associated with the CA4 gene, whose product has 
not been found among A chains, has lost its 3’ RNA splice site by 
a point mutation. Thus the JA 4-CA 4 gene represents a pseudo- 
gene. Because each CA gene is associated with only a single J 
region, unlike x and H chains*”’’, the inactivation of a JA region 
would cause the entire gene to become nonfunctional. 
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The hypotrichous ciliated protozoan Oxytricha fallax possesses 
a mechanism for processing its genome into a collection of small, 
gene-sized, transcriptionally active sections. Macronuclear 
DNA is arranged as short achromosomal sections, 0.5—22 kilo- 
base pairs (kbp) long, while micronuclear DNA has a typical 
chromosomal organization’*, Macronuclear DNA is derived 
from micronuclear DNA by a process of polytene chromosome 
fragmentation with a resultant decrease in DNA sequence 
complexity’. The isolation of intact macronuclear DNA 
sections enables the study of specific structural units of genetic 
material that occur naturally in the organism. We have pre- 
viously described? the construction of a recombinant plasmid, 
pOfACT (1.6), which contains an intact 1.6-kb length of 
macronuclear DNA (Fig. 1) homologous to a yeast actin gene’. 
We now present the complete nucleotide sequence of the cloned 
DNA molecule and the derived sequence of the actin protein 
which it encodes. As the sequence is that of a complete, naturally 
occurring DNA molecule, it shows all cis-active regulatory 
regions in addition to the coding region. The actin protein 
encoded differs considerably from other known actins. 

The complete nucleotide sequence of the cloned 1.6-kb 
macronuclear DNA section, determined by the chemical pro- 
cedure of Maxam and Gibert’, is shown in Fig. 2. The overall 
length of the 1.6-kb insert from plasmid pOfACT(1.6) is 
1,561 bp, measured from the Pst cleavage sites which flank the 
cloned sequence. This length includes the cleavage sites and the 
polynucleotide tails which were added enzymatically during 
construction of the plasmid. Incubation of macronuclear DNA 
with terminal transferase and cloning in Escherichia coli added 
24 dG bases to the 5’ end and 26 dC bases to the 3’ end of the 
1.6-kb section. 
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DNA sequencing has demonstrated an inverted repeat 
sequence at both ends of the cloned 1.6-kb macronuclear 
section. This sequence takes the form of a repeating octanucleo- 
tide 3'-GGGGTTTT...5’. Subsequent sequencing of total 
native macronuclear DNA (A. F. Pluta, B.P.K. and B.B.S., in 
preparation) has confirmed the presence of this terminal 
sequence on all macronuclear DNA molecules. Similar sequen- 
ces have been found at the macronuclear termini of other 
related species"’. The repeat sequences does not appear at any 
internal locations in the 1.6-kb clone. 

The nucleotide sequence 5’ to the actin-coding region but 3’ to 
the terminal repeat is 183 bases long. Several possible 
promoters for RNA polymerase have been identified in this 
region. Three sequences beginning at positions 8, 137 and 154 
(Fig. 2) resemble the ‘Hogness box’ sequence, TATAAAA. 
This sequence (or others closely related to it) has been found in 
5 regions flanking numerous eukaryotic genes and is believed to 
be a transcriptional promoter ®t. Surprisingly, the ‘Pribnow 
box’ prokaryotic transcriptional promoter sequence, TAT- 
GATG”, occurs at position 20. If this sequence is indeed a 
functional promoter, it is possible that O. fallax possesses an 
RNA polymerase similar to that of prokaryotic organisms. 

A second group of putative regulatory signals resembles the 
pentanucleotide CCAAT, which has also been implicated in the 
control of transcription’*, These sequences occur at positions —2 
(beginning with the last two bases of the terminal repeat on the 
anti-sense strand), 101, 129 and 152 (Fig. 2). A similar 
sequence, CCAAA, forms part of the terminal repeats upstream 
from the actin-coding region. The significance, if any, of this 
sequence occurring in the repeats is unknown. 

The DNA sequence 3' to the termination codon but 5’ to the 
terminal repeats is 186 bases long. Like the 5’ region, the 
3'-flanking region also contains several possible control signals. 
The pentanucleotide AATAA occurs downstream from the 
termination codon at positions 1,412 and 1,424. This sequence 
may be a potential signal for polyadenylation and is commonly 
found near the end of the 3’-untranslated region of eukaryotic 
mRNAs'*"*. A sequence that serves as a transcriptional 
termination signal for type III genes, TTTT’®, occurs 3’ to the 
termination codon at position 1,433. This tetranucleotide also 
occurs as part of the terminal repeats at the 3' end of the 
anti-sense strand. As with the CCAAA pentanucleotide in the 
5'-terminal repeats, it is unknown whether the TTTT tetra- 
nucleotide in the 3’ repeats has an actual role in RNA synthesis. 

The 3’-flanking region contains a sequence similar to that 
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Fig. 1 Restriction map of plasmid 
pOfACT(1.6). The restriction sites shown | 


HindIII SalI SstI 


DECIM 


BgiIII PstI 


74 130 | 


are those used in sequencing. W, O. fallax 437 291 279 
actin-coding sequence; D, O. fallax non- A— C M ——” 
coding sequence; ——, pBR322 i 246 | 1068 | 247 
sequence. Sizes are shown in base pairs. 
5! ATG TGA 3! 


found near the origin of DNA replication on the polyoma virus 
chromosome. The sequence in O. fallax, between positions 
1409 and 1436, ‘consists of the palindromic sequence 
TTTAATAATTT (1,409-1,419) and an adjacent 15-base 
sequence, AAAATAACTTATT TT (1,422-1,436), capable of 
forming a self-complementary hairpin loop. The polyoma virus 
sequence consists of an A+T-rich palindrome located near a 
15-base G+C-rich hairpin”. Recently, several stretches of 
DNA referred to as autonomously replicating sequences (ARS) 
have been isolated’®. When linked to a bacterial plasmid, these 
elements are capable of replication in yeast. The sequence of 
one ARS element contains an 18-base A+T-rich region of 
perfect symmetry which is capable of forming a hairpin loop’’. 
These similarities suggest that the origin of replication of the 
O. fallax macronuclear DNA molecule may be the region 
1,409-1,436. 

The overall length of the coding region on the 1.6-kb 
macronuclear DNA molecule is 1,068 bases from the initiation 
codon ATG (position 184) to the termination codon TGA 
(position 1,255). The amino acid sequence encoded (see Fig. 3) 
has 65.4% sequence homology with that of yeast actin’, cal- 
culated as the number of amino acid residues in common divided 


ze 
GGGGGGGGGGGGGGG GGGGGGGGGCCCCAA AACCCCAAAACCCCA AAACCCCAAAACCCC ATAAATCTATATTTT 
I` — Cs 


GACGTATGATGATAT GAGAAATATAGTTTA AGTCGAGACTGATTA AAAGGGTAGATTGCG GCAAAATATACGCGT 
30 


TCGTAATTATCAAAT 
oe 


105 
TATCTACTACTCGTA 
180 
TTCGCCGGTGAGGAT 
255 


CGTGTTGATTCCGCC 
330 


ACCTTIC TACGTTGAG 
405 


ACTAAC AGAGAAAAG 
480 


GTCTTATCTCTCTAC 
555 
CCCATCTATGAAGGT 
630 


TTGCCCAACCTTTTC 
705 


GAAAAGCTCTGCTTC 
780 


AACTACGAACTTICCA 
B55 


CCACTCGAAATGAAC 
930 


GACGTTAGAAGAGAC 
1905 
CTCCTCAAGGAAATT 
1980 
GCCGTATGGAGAGGCT 
1155 
GACGAAAACGGAGCC 
1230 
AGTGTGC TGGTTAGT 
1305 
GAATGAGATCTTTAT 
1380 
GATGGGGTTTTGGGG 


Fig. 2 The 
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AAGATTTATTAGGGA 
120 


CATATGTCAGACCAA 
195 


GCTCCAAGAGCTGTA 
270 


TCAGAGTACCTCGGA 
345 


CTGAGAGTTCAACCC 
420 


ATGACTCAAATCATG 
495 


TCCCGCGGCAGAACA 
570 
TIC TICAATCCCACAC 
645 
ACCGAAAGAGGATAC 
720 
CTTGCTTTGAAC TAC 


795 


GATGGAAAGGTTATC 


870 


GGAAGAGAAC TCGAC 
945 


CTCTATCAAAACATC 
1020 


GAGAACAGAGC TCCC 
1995 
GGTTCTACCCTTACT 
1170 
AGCATCGTTCACAGA 


1245 


CGCCCTTTGTGACTG 
1320 


AATGTGTGCACAGTC 
4395 


TTTTGGGGTTTTGGG 


60 


AAGATATGCAAATTA ATATAATAATTTATT 
135 150 


CAAACTTGCGTTATT GATAACGGTICAGGA 
210 225 


TTICCCATCAATCGTC GGAAGACCCAAGAAC 
285 300 


GATGAAGCCCAACAA AAGAGAGGAGTCCTA 
360 375 


GATGAGCATCCGATT CTCTTGACTGAGGCC 
435 450 


TICGAGACTTICAAT GICCCCGCTCTCTAC 
510 525 


ACCGGTATTGTTTGC GATGCTGGTGATGGT 
585 


600 _ 


GCCGTATCAAGAATC CAACTAGCCGGTAGA 
660 - 675 


AACTTCACTICATCT GCTGAGTTGGAAATC 
735 . 750 


GAGAGTGCCCTTAAG CAATCACACGATAGC 
810 825 


ACCATTGGAAGCGAG AGATTCAGATGCCCA 
B85 900 


TCTATCCAAGACTTG ACCTACAAATCAATC- 
960 975 ` 


ATCCTCTCCGGTGGT ACTACCATGTACGAA 
1035 -  ., 1950 


AAGTCAATCAACGTT AAAGTTATTGCCAGC 
1,110 1125 


TCCCTATCAACCTTC GCCAGCATGTGGATC 
1,185 1200 
AAATGTATCTGAGGA ATCAAATTTAGTTTT 
1,260 1275 
CGTCTCTICAATACT GAAACTTAACCAACC 


1335 1350 


TTAGTATICTACATT TAATAATTTCAAAAA 
1410 


14735 ~ 


GTTTTCCCCCCCCCC CCCCCCCCCCCCTEC 


90 


TCCTATAAATCTTTC 
165 





GTCGTCAAGGCTGGT 
240 


GTCAGCGCTTTGATC 
315 


AAGATCTGGAACCAC 
390 


CCACTTAGCCCAAAG 
465 
GTTOCCATCCAAGCC 
540 
GTTACTCACACCGTC 


615 


GACCTTACCACCTTC 
690 


GTTAGAGATATTAAG 
765 


TCCCAATTC GAGAAG 
840 


GAATATCTCTTCAAG 
915 


CAAGAGTGCGACGTC 
‘990 


GGTATC GGTGAGAGA 
1065 


CC AGACAGAAGATTC 
1140 


AC TAAA GAA GAC TAC 
4215 


AGCATATGAATTATA 
1290 


GGCTATGGACGGGTT 
1365 


TAACTTATTITTIGATC 
~—~1440 


A 
3° 


complete nucleotide sequence of the 1.6-kb macronuclear 


DNA insert from plasmid pOfACT(1.6). The sequence shown is that of 
the anti-sense strand. Directions are assigned with respect.to the orientation 
of the actin-coding sequence on the DNA molecule. Bases are numbered 
starting with the first base occurring internally to the inverted terminal 
repeat at the 5’ end of the molecule. Putative regulatory signals are under- 


lined. 


by the number of co-linear amino acids. Similarly, the nucleo- 
tide sequence homology between the yeast and O. fallax actin 
genes 1s 65.7%. There are no intervening sequences in the O. 
fallax actin gene. However, this does not rule out the possibility 
of interruptions in the actin-coding sequence as it exists in the 
micronuclear DNA; such intervening sequences could be 
removed during macronuclear development. 

The O. fallax actin sequence is 356 amino acids long whereas 
actins from other organisms, including yeast, consist of 374 or 
375 amino acids. This is due primarily to the absence of 18 
amino acids that, in yeast, would occupy the region containing 
residues 65-82. Restriction mapping has demonstrated that the 
corresponding 54-bp deletion occurs in macronuclear DNA as 
well as in pOfACT(1.6) and thus is not an artefact of cloning. 
The O. fallax actin sequence is also one amino acid shorter at 
the N terminus than yeast and has one additional internal 
residue (Leu 258). 

The macronuclear gene appears to be expressed, rather than 
being an inactive pseudogene. O. fallax RNA, ranging in size 
from 7 to 15S, was labelled with **P and hybridized to 
pOfACT(1.6) that had been cut with PstI. The RNA hybridized 
strongly to the O. fallax actin sequence but not to pBR322 (Fig. 
4). The conditions of hybridization were sufficiently stringent so 
that the actin DNA could bind only to its homologous RNA 
sequence”. Therefore, the 1.6-kb actin sequence must be tran- 
scribed, and we presume that it is also translated, as it has a 
continuous open reading frame. 


p Glu Val Ala Ala Leu 
Ser [Asp Gln Gin Thr Cys} Val, Ile Asp Asn Gly Ser Gly [Val Valj Lys Ala Gly Phe 
‘ 10 
ASP rg His Gln 
ie Gly S Asp Ala Pro Arg Ala Val Phe Pza Ser Ile Val Gly àrg Pro s Asn Val 


ae Ile Met Val et Nat eer cee cia Gin Lys Asp sae Val 
Ser Ala Leu Ile} Gly |Val Asp Nat eer cee cia Ala Ser Gluj Tyr [Leuj Gly Asp Glu Ala Gln {Glnj Lys 
50 
i r Leu Arg Tyr Pro Ile Glu Gly Ile Val Thr Asn Trp Asp Asp 
Arg Gly 1) Leu [--- --- --- --- --- --— --- --- --- --- --- --- 228 --- --- = 


60 
ai ‘Wal ein Pro Asp 
--- --- Lys Ile Trp His Thr Phe Tyr [Val] Glu Leu Arg Val Pro 9 Glu His 
k 70 80 
al Met AS i 
Pro |Ile| Leu Leu Thr Glu Ala Pro |Leu Serj Pro Lys Thr Asn Arg Glu Lys Met Thr Gin 
a0 


100 








Ile Met Phe Glu Thr Phe Asn Val Pro Ala Tyr Val Ile Gln Ala Val Leu Ser 
120 


. 110 , 
; cys 
Leu Tyr Ser TA Gly Arg Thr Thr vend Tle Val Asp Alaj Gly Asp ely val Thr His 
140 
PRR eu u EE 
Val Pro Ile Tyr a Gly Phe ar rere Pro His Ala PRSE Ser i fe on Gin FR Ala 
BE che er 
Gly Arg Asp Leu Thr aed ai Leu his Lys Hae T TE Glu Arg Gly Weken Tae hr 
Ser a Ala rn Be Giu Ile Val Arg Asp Tle Lys Glu Lys Leu Cys Val Ala Leu 
190 200 
RN Gin ete ou tye Cicer Wie aco Gin Thr Ala Ala G Ser are Peed 
Asn Peet Slu Ber Ala Leu Lys Glin oor Eee ifa vento cic eee Wis nap Asp] Ser Ser (Gln ein Phe Glu Lys real a6 Glu 
ber a 
Leu Pre Asp ele tee Val Ile Thr oe Gly |Ser] Ciu Arg Phe eles oe Pro Glu nye Leu 
ser Val Teu a Hee E a a nay A eu Sn er Ala Giy Ile Asp Real --- 
She lave Pro jLeu a Hee Nan ocig a a nay A Met Asn G1 ard Glu Leu Asp Ser [lej Gln Rises Thr Rp SR 
tet Lys epee Glu Hates fet 
Ser Tle ln Giuj Cys Asp Val Asp Aap Arg REREN Asp Leu meu Asn Ile ee ou Ser 
Phe eee cia cay Ea Gl Dren St Leu 
Gly Gly Thr Thr Met r T Gi 4 nie [ery yy Glu Arg |Leu Seat Lys Glu Ile [Glu piu Asn arg arg 
eee ie Hate ide Ree oe aia Ser 
Ala Pro IL Ja Ser eee Ken Val _Lys val Ile Ala Si sak py Arg | Ree oe aia ala a Trp 
Ela eee G1 in 
kies Gly Ser fae Leu [tne Ser Leu Ber Thr’ Phe ieee Serj Met TER PR A Glu 
Glu 
Asp Tyr Asp renee aie Inia ser Ile Val "ARE qj LYS TAE 


Fig. 3 The amino acid sequence encoded by the cloned 1.6-kb O. fallax 

macronuclear actin gene. Regions differing in homology from the yeast 

actin sequence® are boxed, with the yeast residues given in the upper half 
of each box. Positions of deleted residues are indicated by broken lines. 
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Fig. 4 Hybridization of O. fallax RNA to 


kb pOfACT(1.6). The plasmid pOfACT(1.6) was 
digested to near completion with Pst], the frag- 
5.9- ments were separated by electrophoresis in a 
4 A~ 1.2% agarose gel and then blotted on to nitrocel- 
lulose. O. fallax 7~15S RNA was cleaved by brief 
alkaline hydrolysis and labelled with “P using 
polynucleotide kinase and **P-ATP. Hybridiz- 
1.5- Le ation was carried out for 42h at 65°C with 1M 


[Nat] in conditions described previously*. The 
filter was washed in 2xSSC, 0.1% SDS, 0.1% 
Na-pyrophosphate at 65°C. The input RNA was 
shown to be alkaline hydrolysable, thus ruling out 
DNA-DNA hybridization. a, DNA stained with 
ethidium bromide showin the O. faliax actin 
sequence at 1.5 kb, pBR322 at 4.4 kb and linear 
plasmid at 5.9 kb, 6, Hybridization of O. fallax 
RNA. 





The actins are a strongly conserved family of eukaryotic 
proteins. Actin isolated from the slime mold Physarum poly- 
cephalum, for example, differs from mammalian cytoplasmic 
actin in only 17 out of 375 amino acid residues—95.5% 
homology”. However, the O. fallax actin encoded by the 
1.6-kb long macronuclear DNA differs considerably in structure 
from these proteins. It is possible that the O. fallax actin has 
become highly specialized in function. Ciliated protozoans are 
complex cells having a highly ordered anatomical structure, 
including such features as ciliary rows, an oral apparatus and a 
cytoproct (cell anus)’. It would not be unusual for these 
organisms to have proteins modified for use in such specialized 
structures, 

Ciliate actin has not been well characterized. A protein that 
co-migrates with muscle actin has been isolated from Tetra- 
hymena thermophila” but is absent from Tetrahymena pyri- 
formis (N. E. Williams, personal communication). Recently, a 
fibre-forming protein (FFP-38) has been found in both Tetra- 
hymena species” that co-precipitates with muscle myosin and is 
found in contractile regions of the cell. However, FFP-38 is 
smaller than muscle actin and is biochemically and antigenically 
distinct. It is possible that FFP-38 may be homologous to the O. 
fallax sequence. 

A second O. fallax macronucleat DNA molecule has been 
detected that hybridizes to the yeast actin gene". This molecule 
is 1.4kb long and differs substantially in nucleotide sequence 
from pOfACT (1.6). However, the 1.4-kb molecule hybridizes 
no more readily to the yeast actin sequence than does the 1.6-kb 
molecule, and the melting temperatures of the hybrids produced 
are similar. It is unlikely that the 1.4-kb molecule is any more a 
true actin gene than the 1.6-kb molecule. Rather, we view the 
actin genes in O. fallax as a multigene family, as in most other 
eukaryotes”, 

The unusual O. fallax actin might also refiect a large evolu- 
tionary distance between the ciliates and other eukaryotes. Such 
an interpretation has been supported by other experimental 
evidence***’ and it has been suggested” that the ciliates formed 
a distinct phylogenetic group which may have been the first to 
separate from the main eukaryotic stem. Our results support this 
hypothesis. 

From the sequence of the O, fallax actin gene we conclude 
that, in hypotrichous ciliates, first, only a small amount of DNA 
is necessary to make up the noncoding regions of a complete 
genetic unit, which, in this case is only ~200 bp at each end. 
Second, the sequenced DNA molecule clearly contains only a 
single gene. Thus the earlier hypothesis of Prescott and Murti! 
that the macronucleus is a collection of single-gene DNA mole- 
cules lacking non-genic spacer sequences seems correct. 
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Agrobacterium rhizogenes, which induces hairy root disease of 
dicotyledonous plants’, is closely related to Agrobacterium 
tumefaciens, the causative agent of crown gall disease’. Viru- 
lence in both species is conferred by large plasmids*~’. Infected 
plant tissue synthesizes novel metabolites, opines*'', that are 
not found in normal plant tissues. The pattern of opines 
synthesized is determined by the type of virulence plasmid in the 
bacterium, and in general virulence plasmids confer on the host 
bacterium the ability to catabolize the same opines (refs 8, 12, 
13 and A.P. ef al., in preparation). Opine synthesis persists 
when the affected plant tissue is cultivated in vitro in the absence 
of the pathogenic bacterium™*™ 4'5, which in the case of crown 
gall tumours is a consequence of gene transfer from the 
pathogen to the plant cells. A small specific part of the tumour- 
inducing (Ti) plasmid of A. tumefaciens, termed T-DNA 
(transferred DNA), is incorporated into host plant nuclear 
DNA‘*”' and transcribed into mRNA" 25, A specific region 
of T-DNA confers the ability to synthesize the characteristic 
opine’***’, Synthesis of opines is thus a natural example of 
genetic engineering in which the agent is the Ti plasmid of,A. 
tumefaciens. The discovery of opines in roots induced by A. 
rhizogenes (ref. 11 and A.P. et al., in preparation) suggested 
that they too might contain T-DNA derived from the virulence 
plasmid of the pathogen. We report here DNA hybridization 
studies that confirm this hypothesis. 

A. rhizogenes strain 8196 (from Dr J. Lippincott) contains 
three plasmids, the intermediate-sized one being the virulence 
plasmid, isolated in transconjugant C58C1 (pRi 8196) (Fig. 1). 
Similar data have been reported by White and Nester’ for A. 
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Fig. 1 Eckhardt gel™ analysis of plasmids of A. rhizogenes 8196 and 
CS8C1 (pRi 8196). Transconjugant strain C58C1 (pRi 8196) was obtained 
by conjugation of A. rhizogenes 8196 with A. tumefaciens C58C1, a 
strain cured of its Ti plasmid“. The donor strain was grown overnight in 
AT medium* with N-(1-mannity!)-glutamic acid (2g°')'' as the sole 
carbon source; the recipient strain was grown overnight in AT medium with 
mannitol as sole carbon source. Recipient bacteria (10°) were spread on AT 
agar with N-(1-mannityl)-glutamic acid as sole carbon source, rifampicin 
(100 ug mi~’) and streptomycin (S00 ug ml~') (drugs to which only the 
recipient is resistant). Donor bacteria (5 x 10") were applied to the lawn as a 
drop of liquid culture. Transconjugant colonies were picked after 8 days at 
25°C, and cloned on selective medium. Plasmids were visualized by a 
modification*’ of the Eckhardt ge! technique. Strain 8196 contained three 
plasmids whose relative amounts varied between experiments. The two 
smaller plasmids (visible here) were sometimes impoverished and a larger 
plasmid (almost invisible here) predominant. We presume the larger plasmid 
to be a co-integrate of the smaller ones, analogous to the plasmids of A. 
rhizogenes strain 15824 (ref. 7). The transconjugant strain possesses the 
larger of the two small plasmids of the donor strain, and is virulent. It also 
contains the large cryptic plasmid of strain C58C1 (ref. 42). 
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8196) (‘8196TC root DNA’), and from normal carrot roots 
cultivated similarly. The DNA isolation procedure is described 
in Fig. 3 legend. Southern blot hybridization analysis was per- 
formed on these DNA samples to determine the presence of any 
fragments homologous to the virulence plasmid. Plant DNA 
samples digested with BamHI, as well as undigested samples, 
were electrophoresed in horizontal agarose gels. As controls, 
two parallel] lanes were run with a low concentration of pRi 8196 
digested to completion with BamHI; the concentration used was 
calculated to be the amount of plasmid DNA expected per 5 ug 
of carrot DNA if the transformed roots contained one or three 
copies of the virulence plasmid per diploid nucleus. A Southern 
blot of the resulting agarose gel was hybridized with pRi 8196 
DNA labelled in vitro by nick translation**. The autoradiogram 
of the blot (Fig. 3) shows hybridization bands in the lanes 
containing digests of transformed root DNA, but not in the lane 
containing normal carrot DNA. T-DNA was therefore present 
in the roots transformed by pRi 8196. 

Two prominent hybridization bands in the 8196TC root DNA 
digest co-migrated with bands 6 and 19 of the pRi 8196 digest 
and with hybridization bands in the 8196 root DNA digest. We 
interpret these T-DNA bands as ‘internal fragments” 
consisting entirely of pRi 8196 DNA. Six additional faint 
hybridization bands in 8196TC root DNA have no counterpart 
in 8196 root DNA, which in turn has four unique bands. We 


pRi 8196 


rhizogenes 15834. As expected, plasmid DNA isolated?’ from 
C58C1 (pRi 8196) exhibits only a subset of the BamHI frag- 
ments of plasmid from the parent 8196 strain (see Fig. 2). The 
giant cryptic plasmid of C58C1 (isolated in extremely poor yield 
because of its size) is present only as a trace contaminant in this 


Normal roots 


Barr | BIS6ETC roots 
8196 roots 
Normal roots 





preparation of pRi 8196. We propose the designation Ri for Uncut | BI96TC roots 

root-inducing virulence plasmids'', analogous to Ti for tumour- 8196 roots 

inducing plasmids*’*'. Contour length measurements by 

Constantino et al.™ have shown pRi 8196 to have a molecular 6 19 


weight (MW) of 137+2x 10°. 

In our experiments we used carrot disks inoculated with ~10° 
bacteria in 0.1 ml H:O. Roots appeared after 2-3 weeks. 
Terminal pieces 10-15 mm long were excised and planted on 
Monier medium’ without hormones, solidified with 1-1.5% 
agar. Explants were incubated in darkness at 25-27 °C and grew 
vigorously as roots. Those without visible bacterial contamina- 
tion were transferred every 2-3 weeks and subcultured in 
Monier liquid medium without hormones (80 ml per Petri dish). 
Sterility of the cultures was assessed by plating macerates of the 
cultures on rich medium''. The cultures studied here were 
derived from single root tips; such cultures could be either 
cellular clones or chimaeras. Normal root cultures used as 
controls were established from roots of axenic carrot seedlings. 

DNA was isolated from axenic root cultures previously 
induced by strains 8196 (‘8196 root DNA’) and C58C1 (pRi 


Fig. 3 Southern blot hybridization analysis of transformed root DNA 
demonstrating T-DNA. DNA was extracted from 40 g fresh weight of roots, 
collected from liquid culture during vigorous growth. Tissue was frozen in 
liquid nitrogen and pulverized in a coffee mill pre-cooled with dry ice chips. 
The powdered tissue was added to an emulsion of 40 ml equilibrated pheno! 
(distilled and shaken with 0.02 M Tris buffer pH 8.0), 10 mM Tris, 50 mM 
EDTA, 50 mM NaCl, 1 mM CaCl,, 400 ug ml~* ethidium bromide, 5 mM 
8-mercaptoethanol (40 ml) and 25% SDS (2.4ml). The emulsion was 
allowed to melt and was stirred at 22°C for 5 min before centrifugation 
(17,000g, 20 min), The supernatant was removed and again phenol-extrac- 
ted DNA was precipitated by addition of sodium acetate (0.3 M final 
concentration) and 0.75 vol isopropyl alcohol (—20 °C for 6 h or overnight). 
DNA was collected by centrifugation (17,000g, 30 min), re-dissolved in 
10 mM Tris, 5 mM EDTA pH 8.0, and was centrifuged to equilibrium in six 
CsCl-ethidium bromide step gradients in a Spinco SW50.1 rotor 
(35,000 r.p.m. at 15°C for 48 h). DNA bands were visualized using long- 
wavelength UV light and were removed by syringe. After repeated extrac- 
tions with isopropyl alcohol to remove dye, the DNA solution was diluted 
with an equal volume of water, adjusted to 0.3M sodium acetate and 
precipitated with 0.75 vol isopropyl alcohol. DNA was spooled on a rod, 
re-dissolved in 10 mM Tris, 1 mM EDTA pH 8, then dialysed briefly against 
the same buffer before restriction endonuclease cleavage. All glassware used 


` Hindlll for plant DNA isolation was either new or acid-cleaned and/or autoclaved to 
eliminate accidental contamination of the sample with native bacterial or 
8196 plasmid DNA. Plant DNA and pRi 8196 were digested to completion with 


BamHI (Boehringer-Mannheim). Plant DNA (5 yg per well), either diges- 
ted or undigested, and pRi 8196 plasmid DNA digest (1.6 or 0.5 x 107* ug) 
(equivalent to three or one copies, respectively, per diploid carrot DNA 
equivalent based on a genome of MW 1.210"? (ref. 43)) were elec- 
lab trophoresed in horizontal 0.8% agarose gels. DNA was blotted on to 
cellulose nitrate (Schleicher & Schuell)** and hybridized with pRi 8196 
DNA, labelled to a specific activity of 90 = 10° c.p.m. wg”! by nick with 
[a-**P]dCTP (Amersham) using a commercial kit (Amersham), Labelled 
DNA (1 pg) was incubated for 36h with the Southern blot in 3x SSC, 


C58CI (pRi8i96) 
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Fig.2 BamHI cleavage pattern of plasmids from A. rhizogenes 8196 and 
CS58C1 (pRi 8196). BamHI digests of plasmid DNA (2 ug samples) were 
electrophoresed in a horizontal agarose ge! (0.7%)*'. The line drawing 
indicates our assignment of fragment numbers, which was based in part on 
other studies in which digests were electrophoresed for longer. 


5 x Denhardt's solution at 68 °C as described by Thomashow er al.**. Blots 

were washed** to remove unhybridized probe and were subjected to 

autoradiography on Kodak RP X-omat film at —80°C for 8h with two 
intensifying screens. 
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interpret these bands as ‘border fragments’ analogous to those 
seen in T-DNA studies of crown gall tumour DNA, consis- 
ting of T-DNA covalently joined to host plant DNA. The six and 
four border fragments observed in these autoradiograms suggest 
that the transformed root cultures contained, respectively, three 
and two copies of T-DNA. The possibility of additional copies is 
not excluded. The various T-DNA copies may not be contained 
in the same cell, as the root cultures used here were not cloned 
from single cells. 

Uncleaved DNA from the transformed roots, but not that 
from normal carrot roots, hybridized to the labelled probe DNA 
at the position of the high molecular weight plant DNA in the 
original gel. T-DNA does not migrate as a sharp band on the gel, 
as expected for a free replicon of fixed size. A very large free 
replicon would, however, escape detection because of frag- 
mentation during DNA isolation. Our isolation method would 
certainly have broken covalently closed circular DNA mole- 
cules. 

When we used the mixture of plasmids from A. rhizogenes 
strain 8196 (Fig. 2) as probe in a similar hybridization to 
transformed root DNA digests, we detected the same T-DNA 
fragments (data not shown), which confirms that all T-DNA is 
situated on pRi 8196. 

Roots containing T-DNA can give rise to plantlets via callus 
and embryogenesis. Root tissue was transferred to Monier 
medium containing 2,4-D (0.36 uM) and kinetin (0.72 pM) 
solidified with agar (0.8%). After 4 weeks, the resulting callus 
tissue was transferred to liquid hormone-free Monier medium 
and incubated on an orbital shaker (150 r.p.m.) at 22~25 °C. The 
callus dissociated into suspension culture, and after 1 month 
embryos differentiated from these suspensions. Embryos were 
furthér incubated in Petri dishes containing hormone-free 
Monier medium where they developed into plantlets. Adven- 
titious embryogenesis was observed on the newly differentiated 
plantlets, which resulted in the formation of tufts but did not 
interfere with the development of the plantlets into vigorous 
plants of normal appearance. 

Of 20 plantlets examined, all contained high levels of the 
opine characteristic of transformed roots, N’-(1-mannityl)- 
glutamine (mannopine), which suggests that the transformed 
roots derived from single root tips may indeed be a cellular 
clone. Studies of T-DNA in the plants obtained will determine 
whether each contains the several T-DNA inserts found in the 
parental root culture. 

The results presented here demonstrate that a new family of 
pathogenic plasmids, the Ri plasmids that induce hairy root 
disease, share with the Ti plasmids (crown gall agent) the ability 
to insert T-DNA into the host plant genome. The Ri plasmids 
studied thus far share little DNA homology with the T-DNA of 
the Ti plasmids****; thus they seem to represent separate 
pathogenic agents. The similarity of the molecular mechanism of 
plant cell transformation by Ti and Ri plasmids thus extends the 
T-DNA concept and suggests that additional examples of 
foreign gene transfer may be found in plant pathogens. 

Because of their natural ability to insert T-DNA into plant 
cells, the Ti plasmids are being extensively investigated as 
vectors for use in plant genetic engineering*”*’. Regeneration of 
complete plants from crown gall tissue has proved extremely 
difficult®*. In contrast, the roots containing pRi 8196 T-DNA 
regenerate reproducibly into plants containing opines, and thus 
presumably containing T-DNA. The Ri plasmid is thus an 
attractive alternative to the Ti plasmid as a genetic engineering 
vector. 
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As keratinocytes move from the basal to the outer layers of a 
stratified squamous epithelium, they enlarge and terminally 
differentiate. Hence, the stage ef terminal differentiation is 
correlated with both cell size and position. To determine 
whether position is an important signal in differentiation, we 
have now grown human keratinocytes in conditions that pre- 
vented stratification but not cell enlargement. Involucrin, a 
marker of terminal differentiation, was synthesized in such a 
monolayer, but only by large cells, We conclude that the onset of 
involucrin synthesis, while normally restricted to cells in a 
non-basal position, does not depend on this position for an 
essential signal; however, a signal associated with increased cell 
size is not ruled out. When monolayer cultures were induced to 
stratify, the large involucrin-containing cells preferentially 
adopted a suprabasai position, indicating that terminal 
differentiation is associated with a decrease in substrate 
adhesiveness. Suprabasal cell position is therefore a 
consequence rather than a cause of terminal differentiation. 
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Fig. 1 Presence of involucrin in a b c d e 
keratinocyte monolayers grown in low 
calcium medium. Second to fourth 
subcultures of human epidermal cells 
isolated from newborn foreskin were 
cultured in the presence of irradiated 
3T3 feeder layers” in Dulbecco-Vogt 
medium supplemented with 10% fetal 


calf serum, 0.4 ugmi`* hydrocor- 
tisone, 10°°°M cholera toxin’”, 
5 ug ml™' transferrin, 5 ug mi”! 


insulin and 2x10 "M tri- 
iodothyronine’. Epidermal growth 
factor was added to 10 ng mi~’ begin- 
ning on the third day after subcul- 
ture’’. The calcium concentration of 
control medium, determined by flame 
photometry, was 19mM. When 
medium was prepared without cal- 
cium and supplemented with fetal calf 
serum that had either been dialysed 
against Ca-, Mg-free isotonic phos- 
phate buffer (PBS) or treated with 
Chelex-100 resin'*, the final con- 
centration of Ca’* in the medium was 
about 0.1 mM (low calcium medium), 
Cells were labelled before collection 
with ~15uCiml™' **S-methionine 
(Amersham, 600-1,300 Ci mmol™') 
for 24h in medium containing 
3 mg!~’ methionine. They were col- 
lected by scraping and sonicated in 
10mM EDTA, 50 mM Tris, pH 7.4. 
Insoluble material was removed by 
centrifugation for 2 min at 12,800g¢. 
a, Purified **S-involucrin marker. b, Extract of small cells selected by 
passage through a Nitex screen. Note the absence of involucrin. Small cells 
were plated out in control medium (c) or low calcium medium (d) and 
collected at confluence. e, Cells collected from the medium of a culture in 
low calcium by gentle aspiration | week after confluence. Only cells that 
were already detached or loosely attached to the monolayer were collected 
in this way. 





Fig.2 Identification by immunofluorescence of involucrin-containing cells 
in keratinocyte monolayers grown in low calcium medium. Keratinocytes 
grown to confluence in low calcium medium and fixed with 3.7% formalde- 
hyde in PBS (room temperature) for 8 min, in absolute methanol (—20 °C) 
for 4min and in absolute acetone (—20°C) for 2 min. The cells were 
incubated first with rabbit antiserum to involucrin (1:20 in PBS), then with 
fluorescein-conjugated goat anti-rabbit IgG (1:16 in PBS) (Miles). a, 
Immunofluorescence image. h, Phase image of the same field; scale bar 100 
um. Note mixture of involucrin-positive and -negative cells in the mono- 
layer. Positive cells also seem to have better defined nuclear borders. 
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Involucrin is a soluble keratinocyte protein that becomes 
incorporated into the cross-linked envelope during terminal 
differentiation’. It is found in all human stratified squamous 
epithelia and cell cultures derived from them’. We have pre- 
viously shown that the onset of involucrin synthesis is correlated 
with an increase in cell size? and with cell migration from the 
basal layer into the outer layers’. In culture, synthesis begins in 
the layers immediately suprabasal, while in intact tissues, cells 
migrate several layers beyond the basal layer before starting to 
make the protein’*. Hennings ef al.* have shown that cultivation 
of keratinocytes in medium containing a low concentration of 
Ca** prevents stratification by inhibiting desmosome formation, 
anc this allows the relationship between cell position and 
involucrin synthesis to be tested. 

Pre-confiluent cultures of human epidermal keratinocytes 
derived from newborn foreskin were collected and passed 
through a screen of Nitex nylon monofilament cloth (type 
HC-3-11, Tetko). Only cells <15 ym in diameter passed 
through the screen; these cells did not contain involucrin, as 
judged by immunofiuorescence and polyacrylamide gel elec- 
trophoresis (ref. 3 and Fig. 16). 

The small involucrin-free cells were collected in sterile con- 
ditions and plated in the presence of irradiated 3T3 cells in 
medium containing 0.1 mM Ca** (low calcium medium), grown 
into a confluent monolayer, then fixed and stained for indirect 
immunofiuorescence, using antiserum raised in rabbits against 
purified involucrin’. As Figs 2 and 3 show, even though the cells 





Fig. 3 Selective expulsion of involucrin-containing cells from the basal 
layer during stratification induced by returning the calcium ion concen- 
tration to 1.9mM. a, 6, Cultures grown to confluence in low calcium 
medium, then incubated in control medium for 2h, to allow junction 
formation without stratification, so that the cells could be detached as an 
intact sheet with the enzyme dispase’’. The sheet was fixed in 3.7% 
formaldehyde at room temperature for 1 h, embedded in paraffin, and 5 um 
sections were cut at right angles to the surface of the epithelial sheet. The 
sections were prepared for immunofluorescence as described in Fig. 2 
legend. Note that involucrin-positive and -negative cells are interspersed in 
the monolayer. c, Cells grown to confluence in low calcium medium, and 
transferred to control medium for 24h before fixation, to induce 
stratification. The section was prepared as in a and b. Note that all the 
involucrin-positive cells have left the basal layer. a, b, c Are all at the same 
magnification; scale bar, 50 pm. 


were confined to a monolayer, the proportion of involucrin- 
positive cells was 30-50%, similar to the proportion found in 
stratified colonies cultured in control medium’. The presence of 
involucrin was confirmed by polyacrylamide gel electrophoresis 
of *°S-methionine-labelled cell extracts (Fig. 1, compare c and 
d). Thus, terminal differentiation progressed to the stage of 
involucrin synthesis, even though stratification was prevented by 
the low Ca** concentration. 

In control] medium, the modal cell diameter was 12-13 um 
and virtually all cells of =17 wm synthesized involucrin’, Cells 
grown to confluence in low calcium medium tended to be larger, 
the modal diameter increasing by 1-2 um after 1 week in 
culture. In low calcium medium none of the involucrin-positive 
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Fig. 4 Selective expulsion of involucrin-containing cells from monolayers 

maintained in low calcium medium for 1 week after confluence. The cells 

were prepared as described in Fig 2 legend. a, b, c, Same field: a is the 

immunofiuorescence image, b is the phase image, focused on rounded cells 

above the plane of the monolayer, and c is the phase image focused on the 

plane of the monolayer. Note that all the cells lying above the plane of the 
monolayer contain involucrin. Scale bar, 100 um. 


cells was <17 um in diameter, and 66% of cells >18 um were 
positive. Although the absolute size at which involucrin 
synthesis began depended to some extent on the culture condi- 
tions, the onset of synthesis in both monolayer and stratified 
cultures was correlated with an increase in cell size. 

We also investigated the effect of returning the calcium 
concentration to 1.9 mM, thereby inducing stratification, to see 
whether the involucrin-positive and -negative cells would dis- 
tribute randomly between the basal and outer cell layers or 
whether they would sort out. Within 24 h of raising the calcium 
concentration, stratification occurred (Fig. 3c): all the differen- 
tiating, involucrin-positive cells were found in the outer cell 
layers and the involucrin-negative cells remained in the basal 
layer. Thus, although the newly stratified cultures were only two 
to three layers thick, the distribution of involucrin was the same 
as in cultures grown in control medium’. This demonstrates that 
the cells sufficiently differentiated to synthesize involucrin were 
selectively expelled from the basal layer. 

Monolayers of keratinocytes were also maintained in low 
calcium medium for 1-2 weeks after reaching confluence. Some 
cell division continued in the cultures and those cells forced out 
of the monolayer were rounded and either loosely attached to 
the surface of the monolayer, or detached into the medium. 
When such cultures were fixed and stained for immunofluores- 
cence with antiserum to involucrin, it was clear that involucrin 
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was present in all the rounded cells above the plane of the 
monolayer as well as in most cells detached and free in the 
medium (Fig. 4). Polyacrylamide gel electrophoresis confirmed 
that extracts of *°S-methionine-labelled cells detached from the 
surface of the monolayer by gentle aspiration contained 
involucrin (Fig. le). This suggests that the terminal differen- 
tiation of epidermal cells is accompanied by a decrease in 
substrate adhesiveness, which could account for the sorting out 
of involucrin-positive and -negative cells observed when 
stratification is induced. 

These observations show that cells need not achieve a 
suprabasal position in the stratified epithelium to synthesize 
involucrin, Rather, the ability of involucrin-containing cells to 
sort out shows that cell position in the epithelium depends on 
properties established by the process of terminal differentiation. 
Selective expulsion of the more differentiated cells from the 
basal layer has been postulated to explain the kinetics of thy- 
midine labelling in the superficial layers of intact epidermis’. 
Quantitative differences in adhesiveness are known to be 
sufficient to produce immiscibility between two cell popu- 
lations’. A continuing gradient of surface adhesiveness linked to 
terminal differentiation and extending outwards from the basal 
layer would serve to maintain homogeneity of cells along a given 
plane in the epithelium by preventing the mixing of cells at 
different stages of differentiation. This is probably the basis for 
the ability of mixed epidermal cells at different stages of 
differentiation to reassemble histotypic structure, either in 
culture’ or following their injection into animals’*. 

These investigations were aided by NCI grants. 
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Two compounds have recently been described which act as 
potent benzodiazepine (BDZ) antagonists in vivo and which, in 
vitro, show high affinity and selectivity for the BDZ receptor of 
the mammalian central nervous system (CNS). One, ethyl 8- 
carboline-3-carboxylate (8-CCE), was extracted from human 
urine and may be related to an endogenous ligand for the BDZ 
receptor’. It reverses the effects of BDZs in vivo** and in 
vitro’, but also has intrinsic activity, as it lowers the seizure 
threshold to drugs antagonistic to the action of y-aminobutyric 
acid (GABA)*’. The other compound, an imidazodiazepine 
(Ro 15-1788), which is also a potent and specific antagonist of 
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BDZ binding in vivo and in vitro*, blocked the sedative, 
hypnotic and anticonvulsant actions of conventional BDZs, 
without demonstrating any intrinsic activity’’°. Because of the 
different profiles of action of these two BDZ ‘antagonists’, we 
have here investigated their interactions in two well established 
systems for assessing BDZ activity: seizure thresholds in vivo"! 
and the action of GABA on cervical sympathetic ganglia in 
vitro”. We find that Ro 15-1788 not only opposes the actions of 
BDZs but also is an effective antagonist of B-CCE in both 
systems. At high doses it has BDZ.-like activity, suggesting that it 
may be a partial agonist at the BDZ receptor site. 
. Seizure thresholds in rats were determined by measuring the 
dose of drug, when infused at a constant rate through a tail vein, 
needed to elicit a seizure (see Table 1 legend), a method known 





Table 1 Effect of different doses of Ro 15-1788 on the seizure thresholds to PT Z, 
bicuculline and strychnine 


Dose of 
Ro 15-1788 Seizure thresholds {mg per kg) 

(mg per kg) PTZ Bicuculline Strychnine 
Vehicle alone 30+ 4 (5) 0.24 + 0.02 (4) 2.2+0.4 (5) 

i m 0.25 + 0.02 (4) ~= 

10 29+ 2 (6) 0.26 +0,03 (4) _ 
50 36+ 5 (6)* 0.29 + 0.06 (4)* 2.1+0.3 (6) 

100 405 (5)7 = eas 





Seizure thresholds are expressed as mean +s.d. with number of animals in 
parentheses. Rats were given either vehicle or Ro 15-1788 in a volume of 2 mg per 
kgi.p. and 15 min later convulsant was infused in a tail vein via a 25-gauge cannula, 
at a rate of 2.22 ml min™’, and the time taken to the first seizure activity was 
recorded. Using this time and the concentration of infused drug and weight of the 
animal, the seizure threshold was computed. The concentrations of convulsant 
solutions used were PTZ 10mg ml™', bicuculline 0.05 mg mi"! and strychnine 
i mg ml~*. PTZ and strychnine were dissolved in normal saline; bicuculline was 
dissolved in saline acidified to pH 3 with 0.1 M HCL Significance was determined 
by Student's t-test: * P< 0.05; + P< 0.01, as compared with vehicle controls. 


to provide a reliable guide to the activity of certain anticon- 
vulsant drugs'*. Ro 15-1788 was prepared as a suspension in 
distilled water (DW) with 1 drop of Tween 40 per 10 ml and was 
injected intraperitoneally (i.p.) 15 min before infusion. All 
animals received a volume of 2 ml per kg, controls being given 
the Tween/DW vehicle. 

When tested alone on seizure thresholds to the GABA 
antagonist drugs pentylenetetrazol (PTZ) and bicuculline, 
Ro 15-1788 showed anticonvulsant activity at a dose of 
250 mg per kg, with a potency about 1/50th that of diazepam 
(Table 1). However, even at 50 mg per kg, Ro 15-1788 gave no 
protection against the seizures produced by the glycine 
antagonist, strychnine, suggesting that Ro 15-1788's anticon- 
vulsant effect has a similar pharmacological specificity to that of 
the BDZs"*. 

To determine the effect of Ro 15-1788 on the anticonvulsant 
effect of diazepam, rats were injected with diazepam, 5 mg per 
kg, and 15 min later with Ro 15-1788, 10 mg per kg (this dose 
was devoid of agonist effects, see Table 1). When PTZ was 
infused a further 15 min later the pronounced elevation of 
seizure threshold produced by diazepam was substantially 
reduced in the Ro 15-1788-treated group (Table 2). 

The selectivity of this effect was determined by giving the 
same dose of Ro 15-1788 15 min after treatment with anticon- 
vulsants thought to act at sites other than the BDZ receptor. As 
Table 2 shows, the anticonvulsant activity of phenobarbitone 
(40 mg per kg, i.p.), sodium valproate (400 mg per kg, i.p.) and 
progabide (200 mg per kg, i.p.), which raise seizure thresholds 
to PTZ by mechanisms which may involve GABAergic 
systems'*'’, was unaffected by Ro 15-1788. 

The action of Ro 15-1788 on the previously reported pro- 
convulsant action of B-CCE was evaluated by administering 
Ro 15-1788, 10 mg per kg, or Tween followed 10 min later by 
intravenous (i.v.) B-CCE, 1 mg per kg (1 mg mI in propylene 
glycol/ethanol 2:1) and 5 min after this by PTZ infusion. The 
fall in seizure threshold produced by B-CCE was abolished by 
the Ro 15-1788 pretreatment (Table 2). 


In the seizure threshold model, therefore, Ro 15-1788 at a 
dose of 10 mg per kg i.p. antagonized both the anticonvulsant 
effects of 5 mg per kg diazepam and the proconvulsant effects of 
1 mg per kg B-CCE, without having any detectable effect of its 
own. This antagonistic effect seems to be selective for drugs 
acting at the BDZ receptor, as Ro 15-1788 did not reduce the 
anticonvulsant effects of phenobarbitone, sodium valproate or 
progabide. 

GABA perfusion of the isolated rat cervical sympathetic 
ganglion induces depolarization which may be blocked by the 
GABA receptor antagonist, bicuculline. In this preparation the 
conductance change produced by GABA (an increase in 
chloride conductance) has been shown to correspond with those 
produced by GABA in the CNS‘. Moreover, the binding 
characteristics of the ganglion and CNS GABA receptors are 
similar'”. Figure 1 shows that, in agreement with previous 
studies '* with BDZs, the water-soluble BDZ, chlordiazepoxide, 
increases the amplitude of the responses to GABA in the 
presence of bicuculline. Treatment of the ganglion with Ro 15- 
1788 (835 nm) abolished the effect of chlordiazepoxide (Fig. 1), 
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Fig. 1 The method used was that of Brown and Marsh’? and involves 
superfusion of the isolated ganglion (1 mi min”') with extracellular record- 
ing of the postsynaptic potential changes. Application of GABA to the 
perfusion fluid for 2 min every 15 min was found to give steady control 
responses without desensitization. Four steady control responses to GABA 
(38.8 pM) were obtained in each experiment before the above treatments 
were applied. This concentration préduces near-maximal responses to 
GABA in this preparation and the concentration of bicuculline used 
throughout (27.2 uM) reduced this to approximately half the maximum 
responses. These concentrations were similar to those used originally by 
Bowery and Dray’? and were chosen to demonstrate the optimum changes in 
response amplitude. The results give the amplitude of the depolarizations 
produced by application of GABA, expressed as percentages of the mean of 
the four control! values (n = 5 throughout). The compounds were added to 
the perfusion medium 15 min before GABA and were present throughout 
the treatment periods, Standard errors are included to give an indication of 
the variation. Analysis of variance performed on the original data showed 
that Ro 15-1788 (concentrations 835nM and 3.34 uM) significantly 
antagonized the effects of chlordiazepoxide (CDP, P< 0.01). When applied 
alone, Ro 15-1788 caused significant increases in amplitude of responses at 
167 pM and 334 uM (P< 0.01) but not at 3.34 uM. There was no further 
increase in response amplitude when the Ro 15-1788 concentration was 
raised to 835 pM. The mean amplitude of the control responses was 211+ 
i9uV. The drugs were made up in the following solutions: GABA and 
Ro 15-1788 in standard Krebs, chlordiazepoxide in distilled water, B~CCE 
in 0.03 M HCI, bicuculline in 0.1 M HCI titrated to pH 3. 
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Table 2 Effect of Ro 15-1788 on the changes in seizure threshold produced by 
diazepam, other anticonvulsants and 6-CCE 


Seizure threshold to PTZ 


(mg per kg) 
Vehicle Ro 15-1788 

Drug treatment {Tween} (10mgperkg) P value 
Saline 34+ 2 (5) 35 +3 (6) N/S 
B-CCE (1 mg per kg, iv.) 2643 (5) 35 +3 (6) <0.001 
Diazepam (5 mg per kg, ip.) 62+ 14 (7) 39+4 (5) <0.001 
Phenobarbitone (40 mg per kg, i.p.) §2+5 (6) 56+9 (6) N/S 
Valproate (400 mg per kg, i.p.) $7 + 14 (5) 53+ 10 (6) N/S 
Progabide (200 mg per kg, ip.) 50+6 (7) §$411(7) N/S 


Diazepam, phenobarbitone, sodium valproate and progabide were given in the 
doses shown. Concentrations of solutions were diazepam 5 mg ml™' in commercial 
vehicle (Roche), phenobarbitone 10 mg mi~’ and sodium valproate 100 mg ml™' 
in normal saline, and progabide 100 mg mi”! in Tween. Saline was given in a 
volume of 4 ml per kg. 15 min later Ro 15-1788, 10 mg per kg, was injected i.p. 
and a further 15 min later PTZ was infused (see Table 1 legend). With B-CCE, 
Ro 15-1788, 10 mg per kg in Tween, was given 10 min before an i.v, injection of 
1 mg per kg B-~CCE (1 mg ml“ solution), with PTZ infused 5 min later. Seizure 
thresholds were expressed as mean +s,d. with the number of animals given in 
parentheses. The P value refers to significance of differences between Ro 15-1788 
and Tween vehicle-treated animals. There were no differences in seizure threshold 
between animals pretreated with saline, Tween, 8-CCE vehicle or diazepam 
vehicle. Statistical analysis performed by Student's t-test. N/S, not significant. 


while higher concentrations of Ro 15-1788 (167-835 uM) 
showed intrinsic activity in that they increased the responses to 
GABA (Fig. 1). The ratio of agonist and antagonist doses of 
Ro 15-1788 in this system was similar to that displayed in the 
seizure threshold model. 

Barbiturates also increase the responses to GABA in the 
ganglion preparation’*, but as in the seizure threshold model, 
the effect of phenobarbitone (40% increase in the amplitude of 
GABA responses at 787 uM) was not antagonized by Ro 15- 
1788 at either 3.34 or 33.4 uM. These concentrations of Ro 15- 
1788 alone had no effect on the response to GABA. 

When applied to the GABA-bicuculline-pretreated ganglion, 
l uM B-CCE showed opposite actions to BDZs in that it 
significantly (P <0.01) decreased the depolarization produced 
by GABA, 38.8 uM (results, expressed as in Fig. 1, were 
85+3% at 15 min, 78+5% at 30 min, 85+6% at 45 min and 
83+ 7% at 60 min). This effect was antagonized by Ro 15-1788 
at the same concentration which blocked the effect of chlor- 
diazepoxide (3.34 uM). 

It thus seems that in two experimental systems in which 
specific BDZ activity may be assessed, B-CCE has the opposite 
effect to BDZs. Ro 15-1788 seems to be a selective and potent 
antagonist of both compounds in both systems. Investigations 
have failed to demonstrate specific binding of either B~CCE’ or 
Ro 15-1788 (ref. 8) to CNS sites other than the BDZ receptor. 
In view of the selective and high-affinity BDZ receptor binding 
of B-CCE and Ro 15-1788, and the parallels between their 
binding and pharmacological activity, it is likely that the phar- 
macological effects observed are due to interaction at the BDZ 
receptor site. 

We suggest three possible explanations for these findings. 
First, the partial agonist effect of Ro 15-1788 may be sufficient 
to account for its reversal of the actions of 8-CCE. This seems 
unlikely because the concentrations of Ro15-1788 that 
antagonized B-CCE had no agonist action when tested alone. 
However, it is possible that in the presence of B-CCE the BDZ 
receptor is altered so that Ro 15-1788 has a greater agonist 
effect. 

The second explanation is that the functional interaction of 
ligands with the BDZ receptor may be unusual in that specific 
high-affinity ligands may produce opposite pharmacological 
effects and yet have a common antagonist. The possible exis- 
tence of this type of receptor interaction has been predicted 
from receptor theory (see, for example, ref. 20). The allosteric 
models of receptor behaviour suggest that receptors exist in 
equilibrium between two states (which may be termed ‘active’ 
and ‘inactive’) and that this equilibrium is altered by ligand 
binding. If we apply this theory to our findings, BDZs would be 


considered to be agonists, binding to the active state, whereas 
Ro 15-1788 would be a conventional antagonist, binding to 
both forms without altering the equilibrium. If B-CCE bound 
preferentially to the receptors in the inactive state it would shift 
the equilibrium in the opposite direction. This form of 
antagonism has been predicted but not so far demonstrated. 

A third explanation derives from results of ligand binding 
studies suggesting the existence of subclasses of BDZ receptors. 
These have identical affinities for the BDZs, including Ro 15- 
1788 (ref. 8), but differ in their affinities for the B-carbolines””". 
The pharmacological actions of the BDZs and B-CCE may thus 
be exerted through different subpopulations of BDZ receptors, 
and it is conceivable that the unusual interactions we have 
described represent a functional consequence of this differential 
binding. 

We thank Dr B. Jones, Glaxo, and Dr Jan Martin, MRC 
Neurochemical Pharmacology Unit, Cambridge, for B-CCE, Dr 
W. Haefely, Roche, for Ro 15-1788, Synthelabo (Paris) for 
progabide, Professors Sir Wiliam Paton and D. G. Grahame- 
Smith and Dr A. R. Green for helpful advice and criticism and 
Mr C. Howard for technical assistance. 
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Errata 


In the Nature Directory of Biologicals 1982, on page vi James 
Manley of Columbia University is incorrectly listed as Michael 
Manley under the heading ‘Scientific Advisory Committees’. 


In the letter ‘Tree remains in a North York Moors peat 
profile’ by I. G. Simmons & J. B. Innes, Nature 294, 76-77 
(1981), Figs 1 and 2 are transposed. Thus Fig. 1 is the pollen 
diagram shown on page 78. 


In the article ‘Magma chamber profiles from the Bay of Islands 
ophiolite complex’ by J. F. Casey & J. A. Karson, Nature 
292, 295-301 (1981), NAM in Fig. 1 legend stands for North 
Arm Mountain. The received date for the article should read 
29 September 1980. 


Corrigendum 


In the letter ‘Mouse IgG3 antibodies are highly protective 
against infection with Streptococcus pneumoniae’ by D. E. Briles 
et al., Nature 294, 88-90 (1981), the dose of S. pneumoniae is 
given as 100 CFU in Table 2 and 150 in the text. This should 
read 100 CFU throughout. 
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Tomorrow, the world 


ANY writer who sits down to try to explain 
the public policy issues embedded in 
complicated technology has two 
contradictory censors inside his head. 
“Don’t get it wrong”, demands one. 
“Don’t make it boring’’, shouts the other. 
Because the dilemma is so common, a 
common solution has evolved: to be lofty. 
Cast the questions in terms of the survival 
of the race and the future of the planet; the 
technical experts will thus forgive you for 
skating over tedious details, while the lay 
reader will work extra hard and re-read 
tough pages rather than giving up. 

To be sure, Mr McPhail, who teaches 
mass communication and journalism at 
Carleton University in Ottawa, has set his 
chisel to the hardest stone: Unesco and the 
issue of the New World Information 
Order. For at least a decade, the countries 
of the developing world have been 
demanding a New World Information 
Order. This fuzzy concept expresses a 
legitimate grievance — that most of their 
communication with the developed world 
flows in one direction only: in. Little news 
about them of their own choice flows out 
toward the wider world, and even less 
entertainment. They fear eventual cultural 
swamping and, at the present, resent what 
is seen as constant misinterpretation by 
Western news agencies. 

To right this balance, these countries are 
using their numerical strength in the United 
Nations where each country has one vote. 
Their favourite battleground is Unesco. 
Unesco’s secretariat has so taken up the 
Third World’s campaign for a re-ordering 
of information (of news-gathering in 
particular), that it has come up with 
proposals which to Britain, the United 
States and other countries committed to a 
free (well, fairly free) press amount to 
nothing less than a Unesco endorsement of 
government control of the media. In 1980 
at Unesco’s general conference in Belgrade 
the West reluctantly, with many doubts 
and qualifications, allowed the barest 
acknowledgement that something like a 
New World Information Order may be 
needed. 

All this sets a very demanding exercise 
for a writer, especially as Unesco obscures 
its own activities behind dense screens of 
jargon. Earnestness so permeates Mr 
McPhail’s efforts that it is sad to have to 
declare that his book does not meet the 
challenge. For example, what did the West 
surrender in the way of press freedom at 
Unesco’s general conference in Belgrade 
in 1980? The Western press tried analysis 
(duly quoted in Mr McPhail’s text) and was 
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hampered by the differing views, even 
between Britain and the United States, as 
to what happened. For its part, the 
developing world is not sure what it has 
achieved in securing within Unesco the 
creation of the International Programme 
for the Development of Communications: 
a talking shop, a funnel for practical aid or 
its own power base inside the secretariat? 
And neither is Mr McPhail. All he can 
conclude is that the New World 
Information Order is not going to go away. 

For a book on the future of the media, 
Mr McPhail gets off to a disastrous start. In 
his very first two words, he spells a man’s 
name wrong — and not just any man, but 
the legendary Lord Copper, the archetypal 
Fleet Street press baron of Evelyn Waugh’s 
Scoop. Mr McPhail calls him Lord 
Cooper, somewhat spoiling Waugh’s 
point. He then gets others wrong 
(President Kekkonen of Finiand) but these 
could be the computer typesetting. 

Another device which Mr McPhail’s 

book would have been better without is the 
use of ponderous lists, with scarcely a verb 
at all: 
The questions of transnational data flows, 
computers, data processing, privacy, and 
computerization effects on the work place and 
labor are central to policy concerns of several 
industrialized nations. 

The third stylistic flaw which makes the 
book unreadable is the excessive use of long 
quotations, with little guide as to how the 
extracted material furthers the author’s 
argument. 

At the start of his book, Joseph Pelton 
looks like falling into the same traps. 
Global Talk, he declares, “‘is only my third 
book on science policy and applications”. 
But it was his hardest — because he says he 
has tried to be funny, and sophisticated 
too, without being as tedious as the New 
York Times. What a relief, therefore, to 
wade in and find that Mr Pelton, an 
executive of Intelsat, the International 
Telecommunications Satellite 
Organization, has assembled much hard- 
to-get and fascinating information — 
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studies of telecommunications plans and 
expenditure in developing countries: 
similar statistical profiles of ‘‘the 
information societies” and on the technical 
and economic outlook for satellites. 

Mr Peiton, too, dips into the slough of 
the UN conference — specifically the 
WARCs, the world radio conferences of 
the International Telecommunications 
Union. He knows, unlike Mr McPhail, that 
the “A?” in WARC stands for ‘‘admini- 
strative’’ and not ‘‘administration’’ and he 
is, moreover, unafraid to use his own 
words, instead of quoted material, to draw 
conclusions. In the case of the 1979 
WARC, his judgement is that, for their 
own purposes, more and more countries 
are willing to tax the ITU’s cumbersome 
regulatory mechanisms — such as the 
mammoth WARC conferences — to the 
maximum, yet he sees this as no cause for 
despair. In spite of their complexity, the 
issues of international management of 
technology are no harder than those which 
international institutions have dealt with 
successfully in the earlier part of the 
century. Not a bold conclusion, perhaps, 
but a clear one. 

Insum, Mr Pelton’s grasp of his subject 
triumphs over his whimsy (although, in 
some cases, just barely: an excellent 
chapter on the worsening problem of 
incompatible international technical 
standards contains an awful poem, 
“Electronice Gumbo Stew”), and has 
allowed him to produce an ambitious an 
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original work of reference. a 








Brenda Maddox is Home Affairs Editor af The 
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British Science Writers. She is author of Beyond 
Babel: New Directions in Communications 
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The Foundations of Ethology. By Konrad 
Z. Lorenz. Pp.380. ISBN 0-387-81623-2. 
(Springer-Verlag: 1981.) $21.95, 
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The Foundations of Ethology, a translat- 
ion of a book that appeared in German a 
few years ago, is a monograph of 
Lorenzian ethology. The text reads well, 
unlike most translations, although 
‘selfish’, which becomes egoistische m 
German, returns in ** ‘The egoistical gene’ 
has become the popular phrase. . .”*. Allin 
all there is not much about natural selection 
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in the book, for Lorenz founds ethology in 
the philosophy of Gestalt psychology, in 
physiology and in embryology. These three 
fill the main sections of the book: one on 
philosophy and methods, and two marked 
by Lorenz’s controversial distinction 
between innate and acquired information. 
He repeats once again his argument for a 
fundamental distinction between innate 
and acquired information, and, in the 
present environment of debates about 
‘genetic determinism’’, it is undoubtedly 
worth repeating. The fact that the 
behaviour of animals is adapted to their 
environments means that they must have 
‘‘information’’ about their environment; it 
is this information (not behaviour) which 
Lorenz dichotomizes into genetic and 
acquired. 

Lorenz could have written a book with 
the conceptual content of Foundations of 
Ethology 30 years ago. If it had been 
published then it would have become a 
classic alongside Tinbergen’s Study of 
Instinct (Clarendon, 1951). Coming out 
now it appears awkwardly antediluvian. In 
his foreword, T.H. Bullock says that the 
book is intended as a contribution to the 
history of ethology. But to write a period 
textbook is not to write the history of a 
period. Foundations of Ethology, 
however, is not even simply a period 
textbook, for Lorenz is far too concerned 
with defending his concepts against later 
criticism. The fault with the book can be 
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clarified by an analogy with historio- 
graphy. By tracing back the pedigree of 
ideas that are interesting now, it 1s easy to 
distort history, because isolated ancestral 
ideas are rarely representative of 
contemporary thinking. Lorenz, by tracing 
forward and defending his ideas, produces 
an extraordinary futuristic distortion. For 
example, in his discussion of motivation he 
defends himself against Robert Hinde’s 
criticisms and even presents an updated 
hydraulic analogy. But modern work on 
motivation is established on quite separate 
foundations, manifesting itself to most of 
us only as a fascinating and imposing 
castle, with sheer walls of solid algebra, 
surrounded by minefields of exegesis. 
Lorenz’s later books have tended to be 
increasingly concerned with human beings, 
but this one is almost entirely about animal 


Galactic sociology 
John D. Barrow 


Galactic Astronomy: Structure and 
Kinematics, 2nd Edn. By Dimitri Mihalas 
and James Binney. Pp.597. ISBN 
0-7167-1280-6. (W.H. Freeman: 1981.) 
$29,958, £20.70. 


THE story ts told of a lecturer beginning his 
address on the structure of stars with the 
words “‘Stars appear to be very simple 
objects’’, whereupon someone in the 
audience retorted ‘‘You’d look pretty 
simple too at a distance of a hundred light 
years!’’. Because they are a good deal 
farther away than stars, astronomers used 
to think that galaxies were even simpler. 
Until very recently elliptical galaxies were 
thought to be uncomplicated and under- 
stood — just isothermal ‘‘gases’’ of stars 
whose various degrees of ellipticity were 
merely reflections of their differing 
rotation rates. During the past six years this 
naive picture has been obliterated and 
replaced by that complexity, masquerading 
as simplicity, that is the hallmark of all 
natural phenomena. Ellipticals have been 
revealed as complicated systems with three- 
dimensional dynamics that are neither 
isothermal nor rotating to any significant 
degree. Their flattening is a consequence of 
much more subtle dynamical properties. 

Surprisingly, there has never been an 
authoritative advanced textbook on the 
structure of galaxies. There are indeed 
several good introductory texts and 
collections of review articles, either 
scattered around the literature or gathered 
into massive review volumes that send a 
shiver down your cheque book, but no 
single, detailed and up-to-date guide to all 
the relevant observational data and 
theoretical ideas —— until now. 

Mihalas and Binney have completed the 
first part of a two-volume treatise on the 
subject, this book being confined to obser- 
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behaviour. There is a typically noncon- 
ciliatory appendix on the uniqueness of 
markind and a stricture or two against the 
deadly sins of civilized man. Our ‘‘innate 
releasing mechanisms’’, we are told on 
p.166, give us an unhealthy liking for 
chocolate and “‘even the most complete 
insight into the workings of our IRMs does 
not make it easy to avoid suicide by 
overeating’. As a gastronomic experience, 
Foundations of Ethology is not so much 
suicidal as dry and unappetizing; it rather 
resembles three full courses of stale bread. 
Wel before I had reached p.166, I had 
found that it went down best when taken 
with religeuses and éclairs au chocolat. 


Mark Ridley is a Junior Research Fellow of 
Oriel College, and a member of the Animal 
Behaviour Research Group, University of 
Oxford, 





vations and kinematics. The second 
volume, to be written by Binney and 
Tremaine, will be devoted to dynamics. By 
any standards this first volume is out- 
standing. Although advertised as a second 
edition of Mihalas and Routly’s book of 
the same title, do not be misled, this is an 
entirely new book of more than double the 
length and considerably more depth than 
its prototype. After a brief history and 
introduction to astronomical concepts and 
vocabulary, it begins with a detailed 
overview of stellar evolution and the inter- 
stellar medium before describing the stellar 
content and kinematics of external galaxies 
and the Milky Way. The final chapters 
provide studies of the hydrogenic content 
of galaxies and their rotational properties. 
References to the original literature are 
always provided, although through a 
rather cumbersome system, and good 
tables and diagrams illuminate the text 
throughout. 

This book is essential for any graduate 
course on galaxies. It is too advanced for 
undergraduate courses although lecturers 
and more able students will want to refer to 
it. Most graduate courses on galaxies divide 
their time equally between the material 
covered in this volume and the dynamical 
theory that will appear in Vol. 2, and 
together the two books should provide 
everything such students require. Unfor- 
tunately, it is hard to believe that many of 
them will be willing or able to pay the con- 
siderable price of both volumes — one 
hopes that a paperback edition will soon be 
available, as all astronomers should own 
and read this book. Perhaps also the 
authors and publishers might consider a 
third volume which would be an abridged 
combination of the two earlier volumes, 
with a length and level comparable to the 
original edition written by Mihalas and 
Routly. j 


i ——— nn AA HANA inh RAA i ra ara A  A 


John Barrow is a Lecturer in Astronomy at the 
University of Sussex. 


araman veni 


Nature Vol. 295 4 February 1982 


441 





Everything e can do v can do better 


P.W. Hawkes 


Optical Information Processing: 
Fundamentals. Edited by S.H. Lee. 
Pp.308. ISBN 3-540-10522-0. (Springer- 
Verlag: 1981.) DM 99, $42.20. 





How is optical information processing 
getting on? For nearly two decades now, 
the advantages of light for manipulating 
data have been attracting more and more 
attention, although, as Casasent says in this 
book, ‘‘optical processors are somewhat 
like discrete transistors before the dawn of 
LSI; they are truly in their infancy’’. These 
advantages may be summarized as parallel 
processing, high throughput and the ability 
to perform such operations as cross-corre- 
lation virtually instantaneously. Such 
features clearly make optical processors 
serious potential competitors of digital 
systems, though, to quote Casasent again, 
“‘the shortcomings of one system are the 
advantages of the other. The two techno- 
logies (optical and digital) are actually 
complementary rather than similar’’. 

The present text, which should be 
regarded as a companion to an earlier 
volume in the same Springer series edited 
by Casasent (Optical Data Processing: 
Applications, 1978), gives an impressively 
complete account of the degree of sophisti- 
cation that such optical systems have 
reached. About a third of the book has 
been written by the editor, S.H. Lee, who 
first sets out the basic principles, covering 
essentially the Fourier transforming 
properties of lenses and their mathematical 
implications. His chapter on coherent 
optical processing then gives an account of 
filter design and synthesis, including 
optical feedback, and classifies the various 
thick and thin filters; a number of more 
elaborate processor designs are described 
and clearly illustrated, and the chapter 
ends with a few words on coherent noise 
suppression. 

The third chapter, by W.T. Rhodes and 
A.A. Sawchuk, deals with incoherent 
optical processing, where the advantages 


of easy input/output, tolerance towards 


dust and other common imperfections of 
laboratory equipment and the absence of 
phase problems is offset by the restriction 
to real, non-negative signals. This is 
followed by an extremely important con- 
tribution by G.R. Knight on interface 
devices and memory materials. If the 
progress described here is maintained, 
optical processors cannot fail to gain in 
importance even though an immense 
amount remains to be done. Some of the 
problems of purely optical processors can 
be circumvented by using hybrid systems, 
as D. Casasent explains in the next chapter. 
Here, the most powerful features of optical 
and digital systems are united so that the 
fast two-dimensional signal handling of the 
optical unit complements the flexibility of 
the digital computer. More space might 
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have been given to the achievements of 
Lohmann’s school in Erlangen, which has 
made many interesting contributions in 
this field. 

The penultimate chapter, by J.W. 
Goodman, deals with a difficult task on 
which comparatively little work has been 
done, linear space-variant optical data pro- 
cessing. Crudely speaking, here we are 
concerned with integrals that are not in the 
form of convolutions and hence do not 


separate conveniently under Fourier trans- ` 


formation. Goodman’s clear statement of 
the problems involved is particularly 
welcome. The book concludes with a 
further contribution by the editor, on 
nonlinear optical processing: ‘‘logarithm, 
exponentiation, intensity level slicing, 
thresholding, analog-to-digital con- 
version, logics and bistability’’, the last 
four of which are ‘“‘important toward 
developing a futuristic digital optical 
processor’’. 

Applications of these various techniques 
are only mentioned in passing, as we should 
expect in a book on ‘‘fundamentals’’, but 
many are explored in detail in Casasent’s 
earlier volume which contains chapters on 
optical transforms and systems, enhance- 
ment and restoration, synthetic aperture 
radar (one of the first triumphs of optical 
processing), photogrammetry, non- 
destructive testing and metrology, bio- 
medical applications and signal processing. 
Taken together, the two books give an 
excellent account of the present state of this 
field, still young but rapidly maturing. A 
minor criticism is the under-representation 
of European work in both works — 
perhaps this can be rectified in a future 
volume in the series. Even so, they give the 
best available account of a mass of new 
material, written by experts on the various 
topics. oO 


P.W. Hawkes is Maitre de Recherches at the 
Laboratoire d’Optique Electronique du CNRS, 
Toulouse. 


Myriapod carnivores 
John A. Wallwork 


The Biology of Centipedes. By J.G.E. 
Lewis. Pp.476. ISBN 0-521-23413-1. (Cam- 
bridge University Press: 1981.) £33, $69.95. 


Few students of the soil fauna can fail to be 
fascinated by centipedes, although these 
elusive predators are often overlooked 
because of their secretive habits. Accounts 
of their biology have hitherto been widely 
scattered in the literature, usually in a 
fragmentary fashion. There has long beena 
need to gather this information together, 


stemming from the recognition that these 
carnivores may regulate the prey 
populations on which they feed. The prey 
(mainly Collembola) are principally 
primary consumers of dead organic 
material, and predation by centipedes on 
these “‘key industry” detritivores may 
operate to control, indirectly, rates of 
organic decomposition. 

In this book, Dr Lewis does not concern 
himself with this latter theme to any great 
extent; indeed, by his own admission, his 
ecological survey is less than 
comprehensive. In this, however, he is a 
victim of circumstances since the 
integration of centipede ecology with that 
of the entire soil—litter system is only just 
beginning. What he has provided is a 
comprehensive account of centipede 
biology which soil ecologists will find most 
useful, and which forms a worthy 
complement to Eason’s earlier taxonomic 
treatise, Centipedes of the British Isles 
(Warne, 1964). Eason, however, dealt only 
with British centipedes, and Dr Lewis’s 
experience with temperate and tropical 
myriapods is reflected in a widely based 
survey of centipede anatomy, behaviour, 
physiology, reproduction, life histories, 
taxonomy and ecology. He devotes as 
much attention to the mainly tropical 
Scolopendromorpha as he does to the 
temperate Lithobiomorpha and the 
cosmopolitan Geophilomorpha. 

As the dust cover of the monograph 
reminds us, this is primarily a source-book 
and the way in which Dr Lewis organizes 
his information — into sections dealing 
with taxonomic groups — emphasizes the 
point. Although this device allows the 
reader easy access to the subject matter, 
since it is repeated chapter after chapter, 
the result makes for less than compelling 
reading; this is a book to inform rather 
than to be contemplated at leisure. The 
style is direct, as befits a rather clinical 
presentation of a catalogue of facts, and 
the illustrations are numerous but variable 
in quality, which may reflect the fact that 
they were taken directly from original 
sources rather than re-drawn. The 
reproduction of Manton’s (1965) figures 
are, for example, excellent as might be 
expected. At the other extreme, the figure 
of Lithobius forficatus eating a fly (Fig. 
126) is less than impressive and perhaps 
unnecessary. Some figures are 
inadequately labelled (for example, Figs 
162a, 203b, 204 and 206). The bibliography 
is extensive and up to date, and although 
there is no author index a detailed subject 
index is provided. 

My overall verdict is that the author has 
succeeded admirably in what he has set out 
to do. Despite its defects, many of which 
are unavoidable, the result is a valuable 
reference book which will be sought by 
undergraduates and research workers 
alike. g 


John A. Wallwork is Reader in Zoology at 
Westfield College, University of London. 
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Everything you wanted to know about protein phosphorylation | 


P.J. England 


Protein Phosphorylation. Cold Spring 
Harbor Conferences on Cell Proliferation, 
Vol.8. Edited by Ora M. Rosen and Edwin 
G. Krebs. Two-volume set, pp.1,421, 
ISBN 0-87969-140-9. (Cold Spring Harbor 
Laboratory: 1981.) $140 US, $168 
elsewhere. 


THE discovery that enzymes could be 
reversibly phosphorylated, with concomit- 
ant changes in activity, was made 25 years 
ago. For some time after that it appeared 
that only the enzymes of glycogen 
metabolism were so regulated, and that 
protein phosphorylation was a rather 
special and restricted form of control. 
However, during the past decade it has 
become apparent that almost every aspect 
of eukaryotic cell function is regulated in 
some way by phosphorylation, and the 
phenomenon is now known to have impli- 
cations in many areas of molecular 
biology. This rapid expansion has made it 
difficult even for specialists to keep in 
touch with all aspects of the subject. The 
publication of these impressive books is 
thus most welcome; details of almost all 
of the current research on protein 
phosphorylation are brought together, so 
that no one working in this or related areas 
now has any justification for ignorance. 

The books are the result of a five-day 
conference held in the summer of 1980. It 
was attended by about 200 people from all 
the major laboratories working on protein 
phosphorylation in North America, and a 
small number from elsewhere. Approxi- 
mately 100 talks were given, each one of 
which is represented by a chapter. These 
individual contributions are grouped into 
ten sections, the titles of which give a clear 
idea of the wide range of topics covered in 
the two volumes — cyclic AMP-dependent 
protein kinases: structural studies; cyclic 
nucleotide-dependent and independent 
protein kinases and protein phosphory- 
lation; glycogen synthetase/phospho- 
protein phosphatases; regulation of lipid 
and carbohydrate metabolism; insulin and 
growth factor-promoted protein 
phosphorylation; contractile proteins; 
protein synthesis; nuclear and cytoskeletal 
protein phosphorylation; viruses and cell 
transformation; neural and membrane 
protein phosphorylation. 

Each of the sections contains a wealth of 
recent results and interpretations from 
several laboratories. For example, one of 
the newest areas of interest is that of 
tyrosine phosphorylation coupled to viral 
transformation of cells. No less than six 











Textbook supplement 


Next week’s issue of Nature will include 
the Textbook Supplement, comprising 
reviews of over 100 recently published 
books for undergraduate students. 










chapters are either devoted exclusively to 
this topic or mention it in detail. There are, 
overall, some 17 chapters on the role of 
protein phosphorylation in the control of 
transcription, translation and cell 
transformation. However, it should not be 
thought that some of the more established 
areas have been neglected; about half of 
the contents deals with protein kinases, 
phosphoprotein phosphatases and carbo- 
hydrate metabolism. There is now 


considerable knowledge of the structure 


and catalytic mechanism of cyclic-AMP- 
dependent protein kinase, which is 
discussed at length in several articles. The 
detailed descriptions of this enzyme at the 
atomic level contrast strongly with the 
imperfectly understood role of protein 
phosphorylation in the imperfectly 
understood eukaryotic nucleus. The books 
give the clear impression of a subject with 
distinct, well-established origins now 
bursting out in many directions. 


Reading either whole sections or 
individual chapters I found much useful 
information and many stimulating ideas. 
Almost all of the chapters give an 
impression of current work being actively 
pursued, with little that is dated or 
incorrect. Excellently produced in the 
clear, uniform style typical of Cold Spring 
Harbor publications, the books will be 
equally useful to those new to protein 
phosphorylation who wish to discover how 
it relates to their current research interests, 
and to those already working in the area 
who need to be informed of new 
developments. This is undoubtedly a key 
reference work which should be in any 
laboratory working on protein 
phosphorylation, and in all medical and 
biological libraries. E 


P.J. England isa Lecturer in Biochemistry at the 
University of Bristol, 


What can be inferred from exciton lines? 


Dennis Dunn 


Excitons: Their Properties and Uses. By 
Donald C. Reynolds and Thomas C. 
Collins. Pp.291. ISBN 0-12-586580-5. 
(Academic: 1981.) $36, £33.80. 


THE optical absorption of most insulating 
crystals exhibits a series of sharp lines at 
frequencies just below the onset of the 
continuous absorption spectrum. These 
are the exciton lines. The non-interacting 
electron theory presented in most solid 
state physics texts readily accounts for the 
general features of the continuous 
absorption spectrum but fails to predict the 
existence of the exciton lines. These arise as 
a consequence of the electron-hole 
correlation induced by the Coulomb inter- 
action. 

The aim of Excitons is to provide a self- 


contained review of the theory and experi- - 


mental properties of excitons and of the 
information about electronic structure 
which can be determined by a study of the 
exciton lines. | 
The conventional effective-mass theory 
is presented in Chapter 2, which includes 
discussion of the effects of electric and 
magnetic fields (Stark and Zeeman 
splitting). The highlights of the book are 
the chapters on the experimental properties 
of intrinsic and bound excitons. These, of 
course, are just the areas where the authors 
have made significant contributions and 
their mastery of the subject is clearly 
demonstrated. Set in between — the 
chapters seem to be randomly ordered — is 
a brief review of the recent work on the 


electron-hole liquid, a condensed phase 
which occurs only if the optical excitation is 
intense enough to produce a high exciton 
density. 

There are a few surprising omissions 
from the text. There is no discussion of the 
theory or experimental properties of the 
line-shapes. The mass of research on 
excitons in alkali halides rates only one 
paragraph, and the rare-gas solids are not 
mentioned, This is a great pity because 
research on these materials, which have 
‘“‘deep’’ excitons, has demonstrated that 
the effective-mass theory has a far wider 
range of applicability than was previously 
thought. 

The low-point of the book is the first 
chapter which tries to lay down the theo- 
retical foundations of exciton theory. Here 
the authors have been too ambitious and 
have attempted to present the whole of 
many-body theory in one brief account: 
Green function formalism, Bethe- 
Saltpeter equations, spectral re- 
presentations all appear and disappear 
within the space of ten pages. 

Excitons is certain to become one of the 
standards in solid state literature. 
Physicists who want to initiate their 
research students into the mysteries of 
excitons can safely direct them to this book 
with just one piece of advice: start with 
Chapter 2. g 





Dennis Dunn is a Lecturer in Theoretical 
Physics at the University of Reading. 
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Test-tube babies pilloried again 


Physicians’ organizations in the United Kingdom are busying themselves with an examination 
of the ethics of in vitro fertilization and related developments. Why now? And to what end? 


The British medical establishment seems bent on making an 
unpalatable mess of its consideration of the ethical problems 
occasioned by recent developments in the treatment of human 
infertility. This week, the ethical committee of the British Medical 
Association will have held a private but much publicized meeting 
to brood about the ethical implications of in vitro fertilization and 
the possibility of setting up banks of frozen sperms, oocytes and 
even embryos. And the Royal College of Obstetricians and 
Gynaecologists is embarking on a joint exercise with the same 
objectives. Naturally enough, an army of pundits has joined in 
the fuss, announcing to an astonished world that a new revolution 
of technique has suddenly taken place and that a novel set of legal 
conundrums has been created overnight. Whether or not 
physicians are enlightened by the work of the committees now 
hard at work, it is certain that the public will be confused. 

The issues provoked by human embryology are by no means 
novel. For the past fifteen years, Mr Patrick Steptoe and Dr R.G. 
Edwards have made no secret of their ambitions to use in vitro 
fertilization of oocytes as a means of treating human infertility. 
The novelty is merely that their techniques are now reproducibly 
successful, in Britain but also in other places (see R.G. Edwards, 
Nature 293, 253; 1981). Although first thought of as a technique 
for treating female infertility, in vitro fertilization has also turned 
out to bea means of arranging for the conception of alive fetus by 
an oligospermic male partner to a marriage. 

Strictly speaking, however, these novel developments occasion 
no novel ethical or legal problems. So much was made clear in the 
report in 1974 of a committee of the British Association for the 
Advancement of Science (see Our future inheritance: Choice or 
chance by Walter Bodmer and Alun Jones, OUP). For it seems 
generally agreed that conception is preferable to childlessness 
within a marriage, and that in vitro fertilization using a husband’s 
sperm is preferable to fertilization (by artificial insemination) 
with male gametes from some sperm bank or donor. It may be 
appropriate (but can hardly be necessary) that physicians should 
have guidance in advising their patients when one form of 


- treatment or the other may be advisable; they are more likely 
themselves to be guided by specialists in the field. It is entirely | 


inappropriate that they should be given the false impression that 
entirely novel issues have been raised. 
One particular red herring, wrongly linked with the practice of 


Washington Editor, Nature 


Ms Deborah Shapley has been appointed Washington 
Editor of Nature in succession to Mr David Dickson, who is 
leaving the journal at the end of March, after four years in 
the post. Ms Shapley, a graduate of Harvard University, has 
worked for the MIT alumni journal Technology Review 
(1968-71) and Science (1971-79). She is at present Guest 
Scholar at Resources for the Future Inc. in Washington, DC 
after three years at the Carnegie Endowment for Inter- 
national Peace; she is completing a book on Antarctica on a 
project supported by the Carnegie Endowment. 

Nature is looking for a second member of staff to join the 
Washington office, primarily as a reporter and to com- 
mission various contributions to the journal. A formal 
advertisement will appear next week. 


















in vitro fertilization because of a recent wave of publicity in 
Britain, is the fear that there will emerge a new profession of 
surrogate mothers — people offering uterine hospitality to in 
vitro embryos. The chances of this happening more often now 
than hitherto are small, while legal precedent suggests that 
children born in such circumstances would be the children of their 
host — and that their later disposal would be governed by the law 
regulating adoption, including the customary strict interdiction 
against money changing hands. 

Superficially at least, sperm banks and-frozen embryos are 
different. That, however, is more illusion than reality. Given that 
many couples who at present cannot conceive children naturally 
are driven to AID, what is more natural than that they should seek 
to make good their disappointment by looking for some genetic 
authentication of the sperms they eventually use? Such a system 
would indeed be far preferable to the present amateurish ways of 
collecting sperms without pedigrees, but it would of course be 
unacceptable that sperms should be sold at outrageous profit and 
that the identity of their donors should be advertised or even 
disclosed. For such reasons, and also because genetic 
authentication requires supervision, legislation for the licensing 
of sperm banks is plainly necessary. It goes without saying, 
however, that sperm banks cannot offer those who use them more 
than a negative bill of good health; to say that some known genetic 
defects are absent is not the same as to promise that the particular 
combination of paternal genes that meiosis had provided in a 
sperm will be thoroughly welcome. 

Similar arguments limit the likely uses of frozen embryos. The 
bizarre uses of the technique to propagate an endless succession of 
children from the same parents, often long dead, will run foul of 
the unwillingness of women to give hospitality to other people’s 
children (and of the long-established unwillingness of physicians 
to assist them). But the technique might help to avoid maternally 
transmitted defects, and should for that reason be welcomed in 
the rare cases in which it is likely to be used. If ethical committees 
wish to brood about something tangible, they should worry about 
cloning — still some way off, but no longer out of sight. The 
trouble is that such a technique may seem to some to offer means 
of eugenic improvement justifying all kinds of clandestine 
stratagems — and which are likely, in the end, to be disappointed 
by the genetic defects well recognized in amphibian cloning. The 
best safeguard, for the time being at least, is to require that people 
engaged on such experiments should discuss the implications of 
their projects with a suitably independent laboratory committee. 


Down with airline cartel 
The collapse of Laker Airways should provoke 


an outcry against government interference. 

The benefits of a new technology cannot be assessed in the 
abstract, but only in the marketplace. This is the conventional 
wisdom, Whatever ingenuity is lavished on, say, the improvement 
of mousetraps, an innovation can be counted a success only if its 
performance and price command a sale among those seeking to 
rid themselves of mice. For mousetraps and similar products, the 
primacy of the marketplace is well-established. In other fields of 
technology, however, all governments choose to suspend the rules 
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in their own narrow and political interests. They habitually give 
national manufacturers preference in much of their own 
purchasing of technological products, from computers to power 
stations. The result is that the potential benefits of technological 
advance, and especially potential reductions of costs to ultimate 
consumers, are needlessly and often scandalously diluted. And 
scandal is nowhere more rampant than in the airline business, 
where the potential benefits of a beneficent aeronautical 
technology are watered down by the insistence of national 
governments that the places to which aircraft fly should be 
decided not by the marketplace but by negotiations among 
diplomats, and that airline fares should be decided by an 
international price-fixing cartel organized by the United Nations, 
the International Air Transport Association (IATA). 

The only comfort in the unfortunate financial collapse at the 
weekend of the independent British airline Laker Airways is that 
the folly of governments’ attempts to regulate the world’s airlines 
may now be more widely recognized. Laker Airways, not a 
member of IATA, has won its reputation in the past five years by 
offering cheap fares on various transatlantic routes from the 
United Kingdom. Its attempts to bust the international cartel on 
routes between Britain and the rest of Europe were, however, 
frustrated by the unwillingness of governments other than the 
British to expose their national airlines to competition. While the 
airline’s collapse is probably as much a consequence of 
commercial overoptimism as of unrealistic expectations that it 
would be allowed to continue to expand, the suspicion remains 
that it would not have run into trouble if the international airline 
business were, in the commercial sense, a business. 

The difficulty lies in the widespread assumption by 
governments that a soveriegn government without an airline is 
like a baseball team without a stadium — incomplete and 
unconvincing. For how would it seem, in the domestic 
newspapers, if a president or a prime minister were seen alighting 
in some foreign capital from an aircraft operated by some carrier 
other than the national airline? Worse still, how could those lined 
up to receive such a personage be expected to take the visit 
seriously if he or she were seen to be a mere fare-paying passenger? 
(The calculation that since many of these journeys are made with 
the objective of borrowing money, and that ostentatious 
extravagance might in the circumstances prudently be avoided, is 
usually overlooked.) One result is that most governments 
shoulder without too much complaint the direct subsidies their 
airlines cost (but the United States government provides hidden 
subsidies instead). Another is that, to ensure that their national 
airlines have something to do when not transporting dignitaries 
about the world, governments assume the right to negotiate 
strictly bilateral agreements with each other to regulate the 
numbers of flights by national airlines that there should be. Then, 
to limit the subsidies they must provide, governments agree that 
their national airlines should rig the prices that they charge. 

To be fair, both the British and the United States governments 
have recently been trying to break free from this pattern. Within 
the United States, the consequences of substantial deregulation of 
domestic flights in the past two years have been dramatic, both in 
providing cheaper fares and in showing which among the 
competing airlines are the weak and which the strong. In Britain, 
the government has allowed small and sometimes new 
independent airlines to operate new routes and has also 
encouraged independent carriers such as Laker to seek business 
abroad. Even if, however, a substantial part of the stock in British 
Airways is eventually sold to the public, the existing apparatus of 
horsetrading for routes and price-fixing for fares will remain. 
For, as things are, the restrictive practices now operated by 
governments and their national airlines serve one practical 
purpose — they protect governments from themselves and from 
each other. 

So long as most airlines are supported financially by some 
public and thus supposedly bottomless purse, price-fixing is 
defensible. Without it, there would be nothing to prevent airlines 
in collusion with their governments from openly selling airline 
tickets below the full cost of servicing them, decreasing its own 


financial loss by making fuller use of its aircraft and, in the 
process, transferring the loss to some other carrier. The snag, of 
course, is that those who rig the prices are the national airlines, 
with no conspicuous interest in competition. Bilateral agreements 
on which airlines should be allowed to fly which routes should in 
principle be unnecessary if fares have been fixed correctly, taking 
full account of the costs of servicing capital as well as of flying 
aircraft. 

Not least from nostalgia for the Laker enterprise (which may 
yet be rescued), the time has come when this bumbledom should 
be replaced. Regulations, unfortunately, cannot be entirely set 
aside, for international air transport is socially and commercially 
too important to be exposed to the risk of commercial 
cartelization, potentially as damaging as that now operated by 
governments. But the present regulation of air transport could 
and should be replaced by a system consisting of very little more 
than a set of common rules by which competition is permitted. 

The first essential ingredient of such a system is that 
competition on routes and fares should be freely allowed between 
airlines provided that they do not enjoy the support of 
governments, direct or indirect. Common standards of safety 
would be necessary (as at present), but an airline able to pay its 
pilots and other people less than its competitors should be entitled 
to charge lower fares. Arrangements would be necessary to ensure 
that airlines did not subsidize competitive routes or some 
categories of passengers at the expense of others, but such tasks 
are familiar and well within the competence of accountants. 

But how, if governments are wedded to the concept of a 
national airline, can sucha state of grace be reached? Fortunately, 
at least some governments seem now to be disenchanted with the 
need to hand out subventions every year. Why should they not 
club together to put the airline business on a rational footing, 
using the existing apparatus of restriction and pricerigging to 
regulate their dealings with the airlines of more backward states? 
Even if only Britain and the United States were able to makea deal 
along these lines, a telling example would be provided for the 
others. But the natural place for an agreement is within the 
European Community, which has been talking about the issue for 
a decade to no effect. 


New budget, no change 


Science does well, on paper, in the US budget 
for 1983. But the promise is paper-thin. 


President Ronald Reagan’s second budget (or is it his fifth?) is, 
as predicted, kind to science but, unexpectedly, beastly to the 
conservative aspirations of the President’s supporters. Although 
there will be many disappointments in the proposals published at 
the weekend, many of the obvious ways in which economies might 
have been sought have been avoided. The new (and much delayed) 
accelerator at Brookhaven is not permanently scrapped but put 
into suspended animation. The basic research programme 
supported by the budget of the National Aeronautics and Space 
Administration survives more robustly than seemed likely only a 
few months ago, marred only by the folly of the decision that 
there will be even less support for attempts to make sense of the 
data existing and new which spacecraft will collect. Similarly, the 
chief sources of support for research at United States universities 
— the National Science Foundation and the National Institutes of 
Health — are to be protected from the consequences of inflation. 
If only (but see page 449) the Department of Defense can spend 
some of its extra money in the universities, the research 
community will be in good shape. 

The snags are less easily defined. Cutting back on student 
support will put more severely to the test than in the past few 
months the unproven hope that students will, when pushed, work 
their way through every course of study — and may be disastrous. 
Even more seriously, the cavalier decision that budgets need not 
be balanced, with its inflationary and international consequences, 
may so undermine the economic well-being of the United States 
that the formal protection of research will count for nothing. 
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DNA panel has second thoughts 


Mandatory rules 
not yet to 
be abandoned 


Washington 

Bending to political realities, the 
Recombinant DNA Advisory Committee 
(RAC) to the US National Institutes of 
Health (NIH) has backed away from its 
support for a proposal that guidelines 
covering NIH-sponsored research using 
recombinant DNA techniques should be 
made voluntary, and that research 
institutions should no longer be formally 
required to establish safety committees to 
ensure that the guidelines are observed. 

At its last meeting in September, the 
members of RAC decided to support the 
publication for public comment of the 
proposals for major revisions to the 
guidelines that would essentially transform 
them into a voluntary code of conduct. 

However, in the light of the comments 
received — and in particular of warnings 
that if the guidelines become voluntary 
states such as California are likely to 
introduce their own more restrictive 
regulations — RAC on Monday adopted a 
compromise formula that would stream- 
line the containment requirements for 
different types of experiments, but retain 
their mandatory aspects. Two proposals 
had been put out for comment. One, a 
revision of amendments originally 
proposed by Dr Alan Campbell of 
Stanford University and Dr David 
Baltimore of Massachusetts Institute of 
Technology, would eliminate all the 
mandatory requirements of the guidelines, 
including the sanction that non- 
compliance could lead to a loss of NIH 
funds. 

The alternative proposal, submitted by 


“ RAC-member Dr Susan Gottesman of the 


National Cancer Institute, would retain the 
guidelines as a required procedure for 
those receiving NIH grants, including the 
requirement that certain experiments be 
reviewed either by RAC or by local 
Institutional Biosafety Committees 
(IBCs). The containment classifications, 
however, would be reorganized, and 
containment requirements for some classes 
of experiments would be made less 
stringent. 

The potential consequence of trans- 
forming the guidelines into a code of 
practice for community opinion at local 
and state levels dominated the discussions. 

Most informed scientists who had sent in 
written comments expressed strong sup- 
port for making guidelines voluntary, 
arguing that risks once thought plausible 
had now been shown to be either remote or 
non-existent. Dr Paul Berg of Stanford 
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University, for example, one of the three 
signatories of the original letter suggesting 
a moratorium on rDNA research, wrote 
that he believed the guidelines “fare now 
dispensable”. 

The institutional response, however, has 
been different. Many local IBCs, those in 
universities and in private industry, told 
NIH that they were not experiencing major 
difficulties in implementing the guidelines 
as they now stood. Several warned that the 
absence of mandatory federal guidelines 
would provide an opportunity for the 
introduction of a patchwork of individual 
laws. 

The Industrial Biotechnology Associa- 
tion, for example, which represents a 
number of small biotechnology companies 
such as Cetus and Genex, wrote that ‘‘one 
significant reason for adherence to a 
uniform system of federal guidance and 
overseeing is our belief that such an 
approach is more compatible with com- 
mercial development and the benefits it 
brings to society than would be a system of 
varying local requirements’’. 

If there was an unexpected consensus at 
Monday’s meeting that a strong federal 
presence in regulating rDNA research 


remains desirable, there was less agreement 
on whether the potential hazards of such 
research should be treated differently from 
related areas of biomedical research. 

Some members of the committee, 
arguing the lack of substantial evidence of 
additional hazard, suggested that this wasa 
reason for adopting uniform practices by 
making guidelines voluntary. Others, 
however, used the same data to urge that 
the experience of RAC should be used as a 
basis for encouraging a similar approach to 
research with other organisms. 

After hearing the arguments for both 
proposed revisions, the members of the 
committee voted by 17 to 3 to adopt those 
put forwards by Dr Gottesman as the basis 
for revising the guidelines, rather than 
those which had been informally endorsed 
at the September meeting. It also agreed to 
set up a small working group to revise the 
specific recommendations which she had 
put forward to change the current 
classifications, and to present its 
conclusions to the director of the National 
Institute for Allergic and Infectious 
Diseases, Dr Richard Krause, who will 
decide what changes to the guidelines will 
be introduced. David Dickson 


Budget protection for research 


Washington , 

The United States scientific community 
has done relatively well out of the budget 
proposals which President Ronald Reagan 
submitted to Congress on Monday for the 
fiscal year 1983, which begins on 1 
October. 

Overall, the President is requesting an 
increase of about 10 per cent in expenditure 
on research and development. With an 
officially-estimated inflation rate of 6.5 per 
cent, the Administration is claiming that 
this would represent a real growth in 
research and development of about 3.5 per 
cent. The same pattern of growth is being 
suggested for the basic research budget, 
scheduled to increase by 8.8 per cent to a 
total of $5,821 million. 


In both instances, the major con- 
tribution to this growth has been increased 
spending on military research, which rose 
25 per cent between 1981 and 1982, and is 
scheduled for a further growth of 18.9 per 
cent next year. 

Where these increases reflect Mr 
Reagan’s election campaign promises to 
boost United States military strength, 
another promise is reflected in moves to 
reduce substantially federal sponsorship of 
energy research, on the grounds that this 
should, where possible, be made the 
responsibility of the private sector. 

The most dramatic reductions are 
proposed in solar research and other 
renewable energy sources, such as hydro- 
power and geothermal, scheduled to come 


ee 


Recommended budget obligations for fiscal year 1983 


Research and development 


Total 
(million $) 

Department of Defense 24,469 
National Aeronautics and 

Space Administration 6,513 
Energy Research and Technology 

Administration* 3,917 
National Institutes of Health 3,533 
National Science Foundation 1,033 
US Department of Agriculture 838 
Environmental Protection Agency 230 
Other agencies 2,464 
Total 42,997 


Basic research 
Increase Total Increase 
1982-83(%) (million $) 1982-83(%) 


18.9 781 16.0 
12.1 682 17.6 
-13.3 741 14.5 
3.1 1,897 3.1 
7.5 984 7.9 
3.8 359 8.1 
- 27.4 10 - 50.0 
367 
10.7 5,821 8.81 


*Previously Department of Energy, intended to become part of the Department of Commerce. 
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down from $248 million in 1982 to $83 
million in 1983. Energy conservation 
research would be reduced even more 
drastically, from $144 million to $18 
million; both proposed cuts are expected to 
be challenged in Congress. 

Another agency which has been the 
target of criticism from the private sector 
and which would also see its research 
budget cut under Mr Reagan’s 1983 
proposals is the Environmental Protection 
Agency, down from $317 million to $230 
million. 

Other research agencies, however, have 
done quite well, reflecting a broadly-based 
acceptance within the Administration that 
strong federal support for research and 
development is a legitimate claim on the 
public purse. 

The National Science Foundation, for 
example, is listed for a budget increase of 
7.5 per cent, with considerable real growth 
in areas such as computer research (up 14 
per cent) to $29.3 million, earth sciences 
(up 17.8 per cent) and mechanical 
engineering (up 13.7 per cent). The 
Administration has relented slightly in its 
efforts to cut back support for the social 
and economic sciences, having initially 
requested $10 million in the 1982 budget, 
but now supporting a figure of $17.8 
million in 1983, the same level to which the 
1982 budget was raised by Congress. 
However, it is sticking to its previous 
determination to eliminate virtually all 
science education activities sponsored by 
the National Science Foundation, arguing 
that education at the school level should 
remain primarily a responsibility of the 
states and local school boards. 

The National Institutes of Health are 
scheduled for a modest 3.1 per cent 
increase in its research budget, slightly less 
than the anticipated rate of inflation. 
Unlike last year, the Administration is not 
seeking to eliminate institutional support 
for research training awards, a move which 
provoked a major outcry from biomedical 
research institutions. 

Inevitably, budgetary stringencies have 
caused disappointments. The National 
Aeronautics and Space Administration, 
for example, has for the moment 
abandoned plans to send an orbiting 
imaging radar to Venus; but the rumoured 
extinction of the Galileo mission to Jupiter 
failed to materialize, and space science is 
scheduled for a healthy increase of almost 


20 per cent, including full funding for the | 


gamma-ray observatory, as well as 
sustained support for the space shuttle. 
Dr George (Jay) Keyworth, the 
President’s Science Advisor, said on 
Monday that he was ‘‘delighted’’ with the 
budget increase for science. He said that 
the physical sciences, once in jeopardy, had 
been spared during the review process to 
enable increased utilization of existing 
particle accelerators. ‘‘Next year’’, he said, 


mediocre from the excellent in research.” 
David Dickson 
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‘‘there will be more effort to separate the | 


| reduce by about a third the number of so- 


Energy support 
aha Af PP | 

Not unexpectedly, the requested budget 
for the Energy Research and Technology 
Agency will contain strong support for the 
Clinch River liquid metal fast breeder 
reactor. The design and construction of the 
fast breeder are described as priorities and 
will receive $257 million for the initiation of 
site preparation and continued 
procurement of parts. 

However, work on both the Large 
Development Plant, started by the Carter 
Administration as an alternative to Clinch 
River, and the light water breeder reactor 
will be phased out, leading to an overall 
decrease of $108 million from 1982 in 
spending on breeder reactors. 

There will also be reduced support for 
fusion research, with the focus shifting 
from the construction of new facilities to 
what the Office of Management and 
Budget describes as “‘resolving key out- 
standing physics and technology issues”’. 
This will delay construction of the tandem 
mirror test facility at the Lawrence 
Livermore Laboratory, a decision which 
has contributed to the resignation of the 
head of the Department of Energy’s fusion 
programme, Dr Edward Kintner. 

Funds for inertial confinement fusion, 
until recently treated as a major alternative 
to the magnetic fusion programme, have 
also been reduced from $209 million in 
1982 to $119 million in 1983, again through 
shifting the focus from the completion of 
new facilities, such as Lawrence Liver- 
more’s Nova device, towards experiments 
on existing machines. 

In contrast to the continued — if slightly 
reduced — support for research into 
nuclear fusion and fission, only $315 
million is being requested to support 
research in fossil, solar, biomass and other 
renewable energy sources, compared with 
$814 million in 1982. 


Unrest on loans 


If US universities have been relieved at 
escaping the prospect of heavy cuts in 
research spending, there is less consolation 
in the Reagan Administration’s proposals 
to limit its assistance for students by 


_ reducing the support for the Guaranteed 


Student Loan (GSL) programme. 

First introduced in 1965, the programme 
provides loan guarantees and interest 
subsidies to states, private lending 
institutions and eligible students. Under 


| the present plans, federal support would 
, increase from $3,397 million in 1983 to 
| $3,768 by 1987. Tightening up on eligibility 


requirements and increasing the costs of 
obtaining a guaranteed loan will result in 
savings of $912 million in 1983, rising to 
$2,247 million by 1987. 

Loans to about 600,000 graduate 


students would disappear under plans to 


called Pell awards. Graduate students 
would be restricted to raising loans from 
the less-heavily subsidized GSL auxiliary 
loan programme, and lending institutions 
would be required to pay a higher insurance 
premium to the government. 

The Administration claims that the cuts 
are justified on the grounds that the 
primary beneficiaries of the guaranteed 
loans have been ‘‘middle and upper income 
families’*, which had as a result been able 
to put their own savings into investment 
schemes yielding far higher returns. The 
universities, however, are worried that 
tightening up the loan conditions could 
lead to a severe drop in student numbers. 


David Dickson 
ISABELLE 


Construction work on ISABELLE, the 
400 x 400 GeV proton-proton accelerator 
at Brookhaven Nationa! Laboratory on 
Long Island, New York, will be halted 
under budget plans for the Department of 
Energy for 1983. However, development 
work will continue as an accelerator 
research and development programme on 
superconducting magnets. 

In general, high-energy physics has done 
wellin the budget proposals. Mr Reagan is 
seeking an increase of 17.5 per cent in 
funding to $429 million, claiming this will 
allow increased use of existing research 
facilities, the completion of both the 
Energy Saver and the Tevatron I and I] at 
Fermilab, and further research and 
development at the linear collider being 
planned by Dr Burton Richter at the 
Stanford Linear Accelerator Center. 

Construction on ISABELLE, which 
started in 1978 and had been due for com- 
pletion in 1987, has been held up largely 
due to difficulties with the magnets. 
Although these now appear to have been 
solved, the delays have meant extra 
expense. Last November, a special panel 
set up by the Department of Energy’s 
High-Energy Physics Advisory Panel to 
look at the future of US high-energy 
physics concluded that ISABELLE was 
still important, but did not place its 
completion as a first priority in stringent 
budget conditions. 

According to the Office of Management 
and Budget, the accelerator research at 
Brookhaven will be related to a “future 
high-energy physics accelerator project’’, 
and ‘tany decision to proceed with this 
project will be based on overall scientific 
potential and budget considerations”, 


+ 

Space science 

The Venus Orbiting Imaging Radar 
(VOIR) has been dropped from the 
National Aeronautics and Space 
Administration (NASA)’s list of future 
planetary exploration missions. However, 
the agency is discussing with space 
scientists the possibility of launching a 
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cheaper version of the mission, using real | 
rather than synthetic aperture radar, which | 
could halve the estimated $500 million cost | 


and might still be launched by the end of 
the decade. 

VOIR was initially proposed by the 
Carter Administration two years ago for a 
launch from thespace shuttle in 1986, with 
the launch being merely postponed to 1988 
by the Reagan Administration last March. 
Tt is the major casualty in NASA’s space 
i seience budget, which otherwise is in a 

< much healthier state than had been widely 
feared. 

Both the Galileo mission to Jupiter and 





the gamma-ray observatory, which had | 
been threatened by the Office of 
Management and Budget, have survived. 


Efforts to cut back substantially on space 
science seem to have been frustrated by 
strong pressure from the space science 
community, and fears that the cuts could 
have a traumatic effect on NASA’s Jet 
Propulsion Laboratory in Pasadena, 
California. 

NASA will not be providing any money 
for the development of the Centaur rocket 
as an upper stage for the space shuttle, 
previously suggested as an alternative to 
the delayed Inertial Upper Stage. 

One area to be cut will be the analysis of 
data from other planetary missions, being 
reduced from $61.8 million in 1981 to a 
suggested $26.5 million in 1983. NASA 
officials say that although data will 
continue to be received and analysed from 
the Voyager spacecraft, now on their way 
to the outer planets, it may be necessary to 
stop tracking or taking data from the 
Pioneer spacecraft. 


Delay for Explorer 


The National Science Foundation has 
abandoned plans for a major deep-sea 
drilling programme aimed at investigating 
the margins of the continental shelf which 
was to have been conducted from the con- 
verted spy ship, Glomar Explorer. 

Dr John Slaughter, director of the foun- 
dation, announced last Saturday that the 
Reagan Administration would not be 
requesting any further funds for the so- 
called ocean margin drilling programme, 
which was to have been jointly funded with 
a number of private oil companies. 

According to Dr Slaughter there were 
two reasons for abandoning the project, 
first formally proposed by the Carter 
Administrtion two years ago: a lack of 
sufficient funding, given general pressures 
on the federal budget; and the lack of 
interest by companies in making the type of 
investment required to convert the 
Explorer and fully equip it. 

The proposal has also been a contro- 
versial one in the scientific community, 
since it would have meant curtailing funds 
for the Glomar Challenger. Dr Slaughter 
said that a decision will be made next 
summer on whether to refurbish the 
Explorer as a replacement for Glomar 
Challenger. David Dickson 
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US defence research 


Signs of doubt 


Washington 

The Reagan Administration is proposing 
in its latest budget recommendations to 
Congress {see p447) that there should 
be an increase in the amount of university- 
based research sponsored by the 
Department of Defense in the fiscal year 
1983 beginning on 1 October. But the 
universities themselves are ambivalent 
about this promise. 

Many universities view Defense 
Department support as a necessary sub- 
stitute for other federal funds whose 
sources are rapidly drying up. However, 
increased military spending on campuses is 
beginning to act as a catalyst for protest 
groups opposed to the Administration’s 
policies. 

University administrators seem to have 
fallen in with recent moves by the 
Department of Defense to increase support 
for basic research, while fearing some of 
the restrictions that this money may bring 
with it. Although many universities still 
insist that no classified research is carried 
out on campus, academic leaders have been 
quick to reassure Congress that little 
remains of the anti-military sentiment of 
the 1960s. 

Dr Alan Bromley, for example, 
professor of physics at Yale University and 
president of the American Association for 
the Advancement of Science, told the 
House of Representatives science and tech- 
nology subcommittee last week that the 
time to rebuild bridges between the 
Pentagon and the university research 
community was ‘‘long overdue’’. 

Yet the enthusiasm for increased 
military support of university research is 
far from unanimous and there have already 
been rumblings of protest: 

@ 170 people from the University of 
California were arrested last Monday after 
demonstrating outside the Lawrence 
Livermore National Laboratory — run by 
the university on behalf of the Department 
of Energy — in protest at the laboratory's 
research on the design of nuclear weapons. 
@ At the University of Michigan, the 
students’ union has hired a historian to 
analyse the Defense Department’s support 
of research in the university and in local 
companies, 

© A demonstration was held last summer 
at the University of Wisconsin’s Madison 
campus over a visit by army scientists to the 
university's Mathematics Research Center, 
sponsored by the Department of Defense, 
to talk about military needs in mathe- 
matics. A group has since been formed to 
study the university’s links with the 
Department of Defense, and a small orga- 
nization has been set up to stimulate and 
coordinate efforts by similar groups 
elsewhere. 

@ At the Massachusetts Institute of 
Technology, about 1,000 people held a 
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demonstration when Vice-President 
George Bush spoke to the institute’s board 
of trustees. Several study groups have since 
been holding regular meetings on military 
topics, and 30 faculty members have just 
launched a disarmament project for the 
spring term. 

@ There have been protests at Rutgers 
over a statement by its president, Dr 
Edward J. Bloustein at a congressional 
hearing last year that he would be prepared 
to consider lifting the current ban on 
classified research on the campus. 

@ Last November, ‘‘teach-ins’’ were held 
at 148 colleges and universities across the 
country on the arms race. The meetings 
were coordinated by the Boston-based 
Union of Concerned Scientists, which 
claimed that they had been the largest anti- 
war demonstrations since the Vietnam era. 
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Nobody suggests that these isolated 
protests represent a significant national 
movement -— at least not yet. Several 
factors have produced a less fertile environ- 
ment for protest than the 1960s, ranging 
from the more conservative outlook of 
most undergraduates to tight research 
budgets that can lead to a muting of criticism 
of the sources of research support. 

At the same time, some see as significant 
the fact that each individual incident has 
taken place on campuses where there were 
fierce clashes over military research in the 
1960s and early 1970s. 

University representatives lobbying the 
Pentagon for more research funds in 
Washington tend to play down the poten- 
tial campus disruption. Even the protesters 
agree that, although anti-military feeling 
on campuses has grown rapidly over the 
past two years, it has yet to coalesce into a 
major source of opposition. | 

But the military is still treading warily. 
When the Defense Communications 
Agency agreed to sponsor a National 
Science Center for Communications and 
Electronics — largely sponsored by the 
private sector — to stimulate science and 
engineering education, it chose to con- 
centrate its initial efforts on high schools 
rather than universities. 

Building links with the academic 
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community ‘‘could be a very delicate 
issue” the agency’s director and the 
principal sponsor of the centre, Lt Gen. 
William Hilsman, said in a recent inter- 
view, stating that the schools had been 
chosen because they were less likely than 
universities to view the military interest in 
education as a threat to academic freedom. 

Meanwhile the universities themselves 
are hoping to receive some guidance froma 
report recently completed by the Defense 
Science Board for the Department of 
Defense. The report is expected to recommend 
the development of clear guidelines to 
separate basic research from that 
which may be of a more practical nature — 
and hence require special protection 
and treatment. David Dickson 


British university crisis 


Cuts with tears 


British universities, still in chaos over 
how to meet cuts in government income 
over the next three years, were relieved last 
week to learn that they are to be compen- 
sated for payments made to academics who 
must lose their jobs. A letter from the 
University Grants Committee set out the 
terms under which they will be reimbursed 
for payments made to redundant staff. 
Essentially, the compensation scheme is 
that devised by the Committee of Vice- 
Chancellors and Principals and blessed by 
the Secretary of State for Education and 
Science a week earlier. 

The approved scheme allows redundant 
academic staff below 50 years of age to 
claim one month’s pay for each year of 
service plus one month’s pay for every year 
of service in excess of five years or after 
their 30th birthday, whichever is the later. 
Staff over 50 will be entitled to compen- 
sation under the universities’ scheme for 
premature retirement introduced a year 
ago. The grants committee says that it will 
not meet claims for compensation that are 
more generous than those now approved, 
which begs the question of who will pay if 
the courts decide that higher awards are 
just. 


The universities’ relief will also be 


tempered by other provisos spelled out in 
the committee’s letter. Full reimbursement 
willl be made only where universities 
convince the grants committee that redun- 
interests of 


dancies are made in the 















Correction 

in the note in News and Views by Dr 
R.J. Wilson in last week’s Nature (4 
February, page 369), the third para- 
graph should, except for a misunder- 
standing in the Nature office, have 
referred to the work of Professor 
David Weatherall and his colleagues 
in the Nuffield Department of Clinical 
Medicine at the University of Oxford; 
the article describing this work will be 
published in Nature shortly. 


economy and that resulting vacancies will 
not be refilled. Redundancies should also 
be “consistent with academic planning’’, a 
vague phrase thought to give the committee 
some come-back if universities fail to 
comply with its advice on general policy. 

In the meantime, the end of January 
deadline by which all universities were to 
have submitted outlines of how they plan 
to adapt has passed. Most have sent the 
numbers of staff they plan to lose by the 
end of the next academic year, on which 
basis the grants committee will allocate the 
£70 million already set aside for helping 
with restructuring. It seems to be accepted 
that the sum will be inadequate to settle all 
claims, although the grants committee has 
not yet totted up those so far submitted. It 
is hoped, however, that the government 
will make more money available by the 
beginning of the following year. 

Only about half the universities have 
managed to submit returns on how they 
plan to restructure operations. The grants 
committee will be looking at the returns 
later this month, when it will decide 
whether to reallocate money to those uni- 
versities that have asked to be recon- 
sidered. The committee is unwilling to say 
whether the returns suggest that the uni- 
versities are following its advice, except 
that one or two of them look ‘‘a bit odd’’. 

Some universities seem to have managed 
to get away with fewer compulsory redun- 
dancies than was originally expected. The 
University of Leicester, for example, plans 
to make none. The Association of Univer- 
sity Teachers claims that success in mini- 
mizing compulsory redundancies may 
reflect the efforts of its members in putting 
forward alternative strategies for coping 
with the cuts. Judy Redfearn 


Soviet dissidents 


Helpers divided 


Scientists campagning for academic 
freedom and civil and human rights for 
their less fortunate colleagues cannot 
confine themselves to a single cause or 
campaign. This was the consensus of 
opinion at a one-day seminar at University 
College, Oxford, on 7 February, organized 
by the Scientific and Medical Committee 
for Soviet Jewry. 

The main guest was Dr Mark Azbel, 
from the University of Tel Aviv, 
himself a former refusnik and convenor of 
the Moscow Sunday Scientific Seminars 
for Refusniks, Dar Azbel, like most Soviet 
Jewish activists believes that a clear 
distinction should be made between the 
Jewish emigration movement and the 
dissident movement in the USSR. Any 
confusion between the Jews, whose only 
wish is to leave the Soviet Union, and the 
dissidents who would prefer to stay there 
and reform the system from within, is, he 
believes, dangerous to both movements, 
allowing the Soviet authorities to accuse 
the Jews of subversion and dissidents of 
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fund PTAS 
established by — Ry 
the Association e 
for Research in- 
to Restricted 
Growth as a 
memorial to 
| Mary Lindley, 
an assistant 
editor of Nature who died in May 1981, 
has now reached £700. The group in- 
tends to use the money to help young 
people suffering from restricted growth 
in problems arising during their early 
education. Further donations should be 
sent to the Treasurer, Pam Worsfold, 
8 Cotswold Avenue, Chelmsford, 
Essex. 
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being agents of international Zionism. 

The other participants, however, felt 
obliged to disagree with him. Professor 
Paul Kessler from the Collége de France, 
who spoke on ‘‘Visiting Refusniks in the 
Soviet Union’’, said that he could not in 
conscience, while on a vist to Moscow, visit 
refusniks and refuse to visit dissident 
scientists who had also, though for other 
reasons, been expelled from their jobs. Dr 
Louis Cohen, executive secretary of the 
Institute of Physics, speaking on ‘‘Trans- 
national science as an influence on Soviet 
science policy”, talked not only of the 
work of his own institute which in 1978 
had sponsored the parallel trial in defence 
of Dr Yurii Orlov, but also the valuable 
work of the American Association for the 
Advancement of Science, primarily on 
behalf of victims of oppression in South 
America and also for other human rights 
causes, including the refusniks. Dr Gary 
Low Beer, who is both head of the 
Scientific and Medical Committee for 
Soviet Jewry, and a prominent campaigner 
against the political misuse of psychiatry, 
put the point bluntly and pragmatically. 
One cannot expect one’s colleagues to 
campaign for a human rights cause in 
which one feels a special interest, if one is 
unwilling to reciprocate for the causes they 
favour. 

In reply, Dr Azbel explained that he did 
not want to discourage scientists who 
wished to campaign for dissidents. 
Everyone, he said, must choose his own 
cause. But it was better to campaign for 
only one person at a time, rather than 
several in parallel. 

His support of this line of action seemed 
inspired not only by practical con- 
siderations but by the Yiddish proverb that 
to save one life is equivalent to saving all 
humanity. The seminar particpants, 
however, applauded him warmly, but 
clearly still favoured a unified stand by the 
scientific community as a whole, on all 
abuses of human rights and academic 
freedom, wherever they occur. 

Vera Rich 
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Polish universities 


On hold again 

Student protest continues in Poland, in 
spite of the stern controls on university life 
imposed by General Jaruzelski’s Military 
Council for National Salvation Plans for 
the opening of undergraduate courses at 
the University of Warsaw were shelved 
again last week, following the widespread 
distribution of an underground leaflet 
appealing to students elsewhere to support 
the Poles’ right to academic freedom and 
the restoration of the banned Independent 
Students’ Association (NZS) 

NZS, the leaflet pointed out, was legally 
recognised by the Lodz accords which 
concluded five weeks of student protest last 
spring Almost all the students who held 
office or played an active part ın this legal 
organization are now, the leaflet said, 
interned 

In Gdansk, the already severe restrict- 
ions on student life have apparently been 
tightened after a 3,000-strong demon- 
stration on 30 January was broken up by 
riot police The local newspaper, which 
was only allowed to report the event several 
days later, said that out of the 205 persons 
detained, 40 were students and 56 were 
schoolchildren According to the 
government’s press spokesman, Jerzy 
Urban, stricter controls have also had to be 
imposed at Wroclaw Technical University 
following a student protest march 

Wroclaw ıs a sensitive area, last autumn, 
when a young mathematics lecturer and 
Solidarity activist, Kornel Morawieck1, 
was charged with including provocative 
and anti-state material in internal union 
publications, the rector and academic 
council spoke out strongly in his defence 
Another Wroclaw mathematician, 68-year 
old Dr Tadeusz Koszeck1, ıs reported to 
have died of a heart attack while 
attempting to protect students during a 
police raid on 23 December 

Expulsions of students and the dismissal 
of academics unwilling to take the oath 
imposed by the political ‘‘verification’’ 
process are reported across the country 
Unconfirmed reports state that the 
expulsion rate at the Academy of Mining 
and Metallurgy in Krakow 1s as high as 35 
per cent — which bodes 111 for the future of 
Poland’s two major industries, for which 
the academy 1s intended to supply experts 
and research consultants Vera Rich 


Euratom treaty 


Call for change 


Brussels 

The Euratom treaty, signed by the 
European Economic Community’s six 
founder members in 1958, 1s in urgent need 
of revision, asserted European 
Commissioner for Industry and Energy, 
Vicomte Etienne Davignon, at a press con- 
ference on 4 February The Euratom treaty 
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1s an instrument setting up a common 
market for nuclear energy It 1s intended to 
guarantee common safety standards and 
safeguards and to ensure that all nuclear 
energy users obtain a regular supply of 
nuclear materials Under the treaty, the 
European Commission has the exclusive 
right to conclude supply contracts 

The economic advantages of nuclear 
power are once again argued ın this pro- 
vision policy paper The present 16 percent 
of EEC’s total electricity production 
created by nuclear power equalled 56 
million tonnes of oil equivalent in 1981 
With the planned capacity increase of 69 
megawatts by 1990, nuclear energy could 
supply as much electricity as coal and save 
imports of 150 million tonnes of oil 
equivalent 

The Commission estimates that elec- 
tricity from nuclear energy is between 30 
and 90 per cent cheaper than that from 
coal, and compared with petrol nuclear 
power is 100-150 per cent cheaper 
Although the investment costs are high, 
nuclear fuel costs are negligible compared 
with coal and oll And Davignon considers 
the nuclear option to have other advan- 
tages supplying a bonus ın jobs and a high 
level of technology More detailed 
economic studies are awaited 

In order to boost investment, the Com- 
mission wants Euratom loans doubled 
Credit worth 800 millon European 
currency units (approximately $800 
million) has so far been taken up out of the 
ceiling of 1,000 million fixed ın 1977 The 
new ceiling would then be 2,000 million 

More common efforts are called for 
from the member states ın the storage and 
reprocessing of irradiated waste This 
could involve the establishment of EEC 
reprocessing companies In addition, 
Davignon proposes an end to electricity 
subsidies, which distort competition 
among power supplies 

The essential element ın the new strategy 
relates to the supply of nuclear materials 
Here judicial changes to the Euratom 
treaty are envisaged which might mean dis- 
mantling the Commiussion’s exclusive 
trading rights and leaving Brussels with the 
task of ensuring that there 1s discrimination 
towards purchasing countries By this 
means, Davignon hopes to stimulate 
competition among suppliers such as the 
United States, Canada and Australa with 
which supply contracts already exist The 
Community would then only guarantee 
that the fission materials would be used 
exclusively for peaceful purposes 

To reassure public opinion on nuclear 
safety, the Commission’s proposals pro- 
vide for a more open policy and more 
information The system of technical 
controls and safeguards needs to be up- 
dated together with a ‘‘concentration of 
powers? Much the same was recom- 
mended ın a report by the Belgian Member 
of the European Parliament, Anne-Marie 
Lizin (see Nature 21 January, p 179) 

Jasper Becker 


Laboratory animals 


Culture sought 


A multi-laboratory research programme 
organized by FRAME (Fund for the 
Replacement of Animals in Medical 
Experiments) to investigate alternatives to 
animal toxicity tests 1s being backed by 
several established drugs and cosmetics 
manufacturers Of the £240,000 needed to 
support the programme, £180,000 has 
already been guaranteed The programme 
involves the collaboration of four labora- 
tories the Huntingdon Research Centre 
and centres at the University of Surrey, the 
University of Nottingham and St George’s 
Hospital Medical School in London 

Although there have been isolated 
projects on toxicity testing, this 1s the first 
in the United Kingdom to link the work of 
several laboratories The aim ıs to 
scrutinize a common hst of chemicals, 
some toxic, using tissue cultures rather 
than animals 

The programme ts the product of a two- 
year study by FRAME’s Toxicity 
Committee who will assess the feasibility of 
non-animal methods of toxicity testing and 
report in November 1982 

FRAME’s board of trustees numbers 
only four, of whom two are scientists Dr 
Michael Balls of the University of 
Nottingham and Dr Peter Hodges, a senior 
scientist with Pfizer Although still a small 
organization, FRAME seems to have 
acquired some influence since its inception 
in 1969 A group of 40 Members of 
Parliament, led by Joan Lester, has 
pledged itself to promote alternatives to 
animals in experiments Industrial 
sponsors for FRAME’s research pro- 
gramme include Avon Cosmetics, Rimmel 
International, Bristol-Myers and Pfizer 

FRAME ’s objectives superficially con- 
flict with the interests of the companies, 
which at present market their products 
with a degree of confidence in protection 
from legal proceedings for negligence 
because of tests using animals Their 
support for the new research programme 
seems to have been stimulated by the cost 
of animal screening tests and the growth in 
public concern for the welfare of 
laboratory animals 

Thus Avon Cosmetics, which 1s suppor- 
ting one of the four research groups says 
that 1ts interest ın alternative methods of 
toxicity testing ıs based on ethical 
considerations Pfizer says that it has 
incurred ‘‘significant expense” in making 
senior staff available for mternal studies of 
alternatives to animal laboratory tests, and 
describes FRAME as its chief British 
channel for this kind of work 

The Royal Society was urged at a recent 
meeting to set up an ‘‘ethical committee”? 
Its ad hoc Committee on Animal 
Experiments 1s likely to decide on the terms 
of reference and chairmanship of such a 
working party later this month 

Jane Wynn 
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Original life 
Sır — David Dickson has quoted (Nature 14 
January, p 87) from Judge Overton’s ruling 
against the creationists in Arkansas Among 
these we find ‘‘Although the subject of origins 
of life ıs within the province of biology, the 
scientific community does not consider origins 
of life a part of evolutionary theory” “The 
theory of evolution assumes the existence of 
hfe and ts directed to an explanation of how 
life evolved Evolution does not presuppose 
the absence of a creator or God ’”’ Now, 
these statements show that much of the 
creationist attack on the synthetic theory of 
evolution 1s irrelevant It would be a pity if 
that short-term goal contributed towards a 
long-term predisposition ın the minds of the 
scientific community to continue excluding the 
origin of life from evolutionary theory That 
would not be ın line with the views of some 
important evolutionists who contributed to 
both disciplines Nevertheless, a bias against 
considering origins exists ın the minds of many 
evolutionary biologists — I discovered for 
example tnat my textbook Evolutionary 
Biology (Holt, Rinehart & Winston, New 
York, 1972) was not favoured by some 
teachers because ıt has a prominent chapter on 
the origin of life 

The evolutionary process 1s represented at 
the molecular level on the one hand and 
encompasses cosmogony on the other At 
some poini a theoretical framework covering 
the entire range of that process will become 
necessary Presumably the evolution of 
molecular systems leads to the origin of life 
just as the evolution of living systems leads to 
the origin of ecological systems Individuals 
need not become proficient students of all these 
subjects, but ıt is quite another argument for an 
important legal document to declare that part 
of this subject matter 1s not considered proper 
by important exponents of the study of 
evolution, when that 1s only the provincial bias 
of some Such statements are potentially 
stultifying and to be regretted by those who 
otherwise rejoice in Judge Overton’s document 

STANLEY N SALTHE 

Brooklyn College, New York, USA 


All in the Book 


Sir — That anyone writing from the 
evolutionists’ standpoint 1s willing to expose 
such crass ignorance of the creationists’ case 
as does Jon Marks! 1s almost beyond belief It 
1s much to be hoped that the tone, let alone the 
substance, from any creationist writing about 
evolution would not expose such hostility 

May I answer only the three biblical points 
raised? Leviticus 11 v 191s not taxonomic but 
gastronomic, (and very prudent at that) ıt does 
not attempt a classification of mammalia 
Luke 23 v 43 has the comma incorrectly 
placed, a point of punctuation well understood 
over the past four hundred years Genesis, 1n 
respect of the fourth day, as taken up by 
Origen and later by Voltaire, 1s explained by 
Wiseman? It 1s, I regret, open to both sides of 
this argument to accuse the other of fraud and 
obscurantism, but nothing useful 1s served 


thereby FRANK W COUSINS 
Westminster, London SW1, UK 


I Marks, J Nature 295, 276 (1982) 
2 Wiseman, P J Creation Revealed in Six Days The Evidence 
of Scripture Confirmed by Archaeology, p 128 (London, 1948) 


Workers’ union 


SIR — The letter from ten Russian scientists 
(Nature 24/31 December, p 688) is in part an 
approach to the WFSW The federation 1s 
indeed concerned with the difficulties that can 
afflict scientific workers in any country We 
have been able, ın various circumstances, to 
resolve or prevent serious problems 

We have been aware for several months that 
certain requests for exit visas from the Soviet 
Union have remained unanswered On 3 
November 1981 I wrote to the president of the 
‘Educational and Scientific Workers’ Union 
of the USSR” ın Moscow, ın conformance 
with the policy of the federation first to 
contact our affiliated organization in the 
country concerned I asked to be informed of 
the nature of the difficulties relating to these 
scientists I feel certain that Mme 
Yanoushkovskaya 1s making the necessary 
Investigation and that she will soon be able to 
furnish an explanation 

The list of signatories ın the letter published 
by Nature ıs not identical to that ın a letter I 
had earlier received, two names have been 
dropped and four added I infer that the 
situation has evolved since last year 


World Federation of JM Lecay 
Scientific Workers, Lyon, France 


Waah A 


CEE Da ’ 

Reagan’s right ~. 
Sir — The editorial ‘“Reagan’s mistake on ~ 
Soviet sanctions” (Nature 7 January, plis `” 
disturbing, Science 19 not now (as 1t may have 
been in Davy’s time) merely a pastime for 
scientists It has powerful consequences for 
humanity in both peacefu] and war-like. |. 
activities, If all hufif¢nRind were one big 
happy fathulypthén free inferchange of science 
would be both desirable and inevitable But 
humanity ıs divided into groups whose, a" 
objective ıs not to have cheery little wdrs with 
“sweetness and light”’ in view dgwWni the road, 
but to destroy each other Ther®fore, free 
exchange of science cannot be allowed 
Nature’s reasoning resembles that of 
‘‘racifists’’ in the last two Great Wars who 
helped the enemy and hindered our own war 
effort because they hated war We all hate 
war, and we're all for scientific freedom and 
exchange But that 1s no reason to give science 
that we’ve worked or paid for — our science 
— to people who will use ıt directly (in 
weapons) or indirectly, by improving their 
efficiency, to destroy other people Poles, 
Afghanistanis, or us 

RGS BIDWELL 


Dalhousie Unversity, 
Halifax, Nova Scotia, Canada 





An SOS from a Polish scientist 


from a correspondent in Poland 


SIR — It was not an eruption of anger as in 
Hungary, nor was 1t the movement of a rather 
narrow group of politically mature 
intelligentsia as in the Czechoslovakian spring 
It was a vast popular movement, ın which men 
of the arts, literature and science found their 
usual role as articulaters of popular demands 

This cleansing process began a few years 
ago In 1978 the group Doswiadczente 1 
Przysclosc (DiP, Experience and Future) was 
formed This small group of scientists and 
journalists published a number of important 
reports, their main message being that the 
country was on the edge of catastrophe and 
that the very last opportunity of avoiding ıt by 
the introduction of essential social reforms 
had arrived The authors expected that if their 
voice was not heard the economy of the 
country would collapse, leading to social 
turmoil and possibly bloodshed 

The wave of strikes before August 1980 
proved the accuracy of these predictions, but 
the decline was halted — or, as we see ıt now, 
postponed — by the ‘‘social contract” signed 
in the Gdansk shipyard 

Some of those involved ın D1P formed an 
openly acting Komitet Porozumiewawczy 
Stowarzyszen Tworczych i Naukowych 
(Coordination Committee of Cultural and 
Scientific Associations) headed by the 
philosopher Klemens Szaniawski This 
committee played a leading role ın the cultural 
life of the country, especially in preparing and 
promoting the new law concerning 
publications, the law aimed at moderating the 
omnipotent power of censors 

The most spectacular event organized by the 
committee was the Congress of Culture 
chaired by the art historian Jan Bialostocki 
The congress was planned for three days 


Starting 11 December 1981 Martial law was 
introduced at midnight December 12 and the 
last session could not be held 

Among many important speeches delivered 
during this meeting the most prophetic was the 
opening address by the president of the 
Association of Polish Writers, Jan Jozef 
Szczepanski1 He compared the congress to the 
orchestra on board the Tifanic This prophecy 
was soon verified — several of the participants 
of the congress met during the night 1n the 
corridors af Warsaw prisons, and many are 
there still 

Ai the end of 1980 the process of revival of 
all scientific establishments began with a few 
fundamental demands freedom of scientific n 
Inquiry, promotion of scientists according to ? 
merit, the nght of a university to decide on 1ts 
curricula and a significant role for scientists ın 
formulating the scientific and educational 
policies of the country The autonomy of 
universities and of the academy, including 
election of their officers, was seen as a 
necessary institutional guarantee of the 
promonion of these demands and the 
Improvement of scientific activities 
Autonomy decame the keynote of the whole 
process of change 

Of course none of these demands 1s very 
clever But ıt 1s also not very innovative for 
citizens to demand to be able to influence the 
fate of their own country, or to require 
history, records and information to be truthful a 
and not selected according to the needs of y 
authorities However, these demands coming 
after many years of the opposite policy 
sounded heretical And behind this policy 
there were people still possessing considerable ' 
power and by no means ready to resign from ıt 

Continued on page 540 
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Tachkaclogy 


ANOTHER milestone has been reached mm 
the interferon story with the publication m 
this week’s issue of Nature of a report by 
David Goeddel and his colleagues at 
Genentech and NIH of the first successful 
identification of an interferon-gamma 
(IFN-y) gene and the expression of a cloned 
cDNA sequence for human JFN-y in 
bacterial and monkey cells! Since the 
discovery in 1965 of an ‘interferon-like 
substance’ ın the supernatants of human 
leukocyte cultures stimulated with phyto- 
haemagglutinin?, much progress has been 
made in defining its cellular origin, range of 
inducers, physical and chemical properties, 
actions and methods of punfication? This 
substance, originally called type II or 
immune interferon, 1s now called IFN-y to 
distinguish it from IPN-a@ and IFN-8 which 
were discovered earlier, and are now 
known to have different cellular origins, 
physical properties and antigenic 
determinants 

Lymphocytes produce IFN-y 1n response 
to numerous mitogens, bacterial and viral 
antigens, allogeneic cells and antisera 
directed against lymphocyte surface deter- 
minants Although the purification of 
JFN-y was imially hampered by the rela- 
tively low levels induced and considerable 
loss of activity during the purification pro- 
cedure, numerous laboratories throughout 
the world persisted in their efforts To date, 
preparations having a specific activity of 
greater than 107 umts per mg have been 
attained**, but microsequencing 
information 1s not yet available Although 
at first IFN-y was thought to be Jarger than 
the other interferons with a molecular 
weight of 35,000-70,000, the most recent 
report mdicates that it can exist in 20,000 
and 25,000 molecular weight forms’ 

Initial efforts to define the range of 
actions of IFN-y were hampered by the lack 
of abundant or partially purified material 
Many investigators were forced to use 
crude preparations which contained 
numerous other lymphokines and factors 
that affected cell function independently of 
the action of theinterferon However, with 





Low B Epstein is a Professor in the Department 
of Pediatrics and Research Associate m the 
Cancer Research Institute at the University of 
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from Lois B Epstein 


the development of better methods of 
purification and the preparation of 
antisera to [FN-y®? specific activities could 
be assigned to IFN-y ın a more rigorous 
manner It became clear that although 
{FN-y differs from IFN-a and IFN-# in its 
response to low pH, antigenic 
determinants, host range and cellular 
origin, it still induces the same enzymes!? 
and the same peptides! !!2, and shares their 
ultimate antiviral!!, immunoregulatory? 
and antitumour!? actions To date no 
ungue function which would distinguish 
IFN-y as a separate functional entity from 
the other interferons has been found 

Recently, four laboratories have isolated 
and translated mRNA for IFN-y ın 
oocytes!4-!7,, thus paving the way for 
future production of IFN-y by 
recombinant DNA techniques The latest 
achievement by Goeddel and his colleagues 
gives testimony to the tremendous accom- 
plishments now possible with recombinant 
DNA technology when multiple resources 
are integrated into an attack on a specific 
problem If one considers the many 
methodologies and types of expertise 
required to accomplish this work ıt 1s clear 
that it could only have been achiéved in a 
large industrial research centre 

The cloning of the IFN-y gene now 
makes it possible to produce IFN-y in 
unlimited quantities and should lead to 
profound insights into the evolutionary 
history of JFN-y, its tertiary structure, the 
relationship of its primary structure to its 
function and physical properties, and ifs 
genetic contro! In the report by Goeddel et 
al 11s suggested that the gene which codes for 
IFN-y contains an intron This is in 
contrast to the genes which code for IFN-a 
and IFN-8 which contain no introns 
Conclusive proof of this must await future 
studies when the genomic sequence of the 
IFN-y gene ıs determined and compared 


1 41 42 49 65 68 72 78 


IFN-y Cys Glu Siu Gln Asp Ser Ser Glu 


} 
Gin { Asn Ser Ser 


i 
1 66 69 7 79 


IFN-a Cys Glu Glu Glu 


L 41 42 49 


Phe Asp Asp 


interferon-gamma: 
;, Structure and speculation 


with the present cDNA sequence The 
results also demonstrate that IFN-y has a 
molecular weight of 17,100, consistent 
with another recent report based on 
physical measurements’, and suggest that 
higher molecular weights observed by 
other investigators might have been due to 
multimeric forms of IFN-y or to the fact 
that IFN-y 1s glycosylated im vivo 

If the primary amino acid sequences of 
the various interferons are compared, 1t 15 
apparent that 80 per cent homology exists 
within members of the IFN-a@ family and 30 
per cent between IFN-a and IFN-f 
Goeddel and his colleagues report that 
their cDNA sequence codes for a polypep- 
tide of 166 amino acids, of which 20 could 
constitute a signal peptide The authors 
have looked for sequence homologies 
between their [FN-y and IFN-a and JFN-8 
and indicate that the only homology noted 
covering more than three consecutive 
amino acids occurs at amino acids 15~181n 
IFN-y, and these are found 1n positions 
121-124 in two recombinant forms of IFN- 
a 1 find it intriguing but strange that 
although IFN-a, -§ and -y have a common 
range of biological actions such little 
apparent homology exists However, inmy 
own comparative examination of the 
sequence of Goeddel’s IFN-y with that of 
several recombimant forms of IFN-a I find 
a definitive pattern of single amino acid 
homology throughout the entire sequence 
(see the figure) If one postulates a 
difference of one amino acid ın the length 
of the IFN-y sequence between residues 49 
and 65 and of the recombinant IFN-a 
sequence between residues 49 and 66, then 
14 positions have identical amino acids and 
4 more differ by only the most conservative 
replacement (Asp for Asn, Leu for Ile, le 
for Leu) Thus there are 12 per cent 
identical amino acids or most conservative 
replacements in precise sequence order 
103 119 131 133 


84 93 94 96 116 117 


Glu Val Leu Ile Val Lys Lys 


Phe Asn Asp Glu Val Tle Leu Val Lys Lys 


85 94 95 97 104 117 118 120 132 134 


Fig 1 Sequence homology of recombinant IFN-y and IFN-a The information is derived from 
published amino acid sequences for IFN-y! and IFN-a?2 
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Even more intriguing 1s the fact that 1f one 
examines the model for the tertiary 
structure of IFN-a and IFN-f proposed by 
Sternberg and Cohen!® virtually all the 
conserved areas shown ın the 
accompanying figure are clustered in the 
exposed f sheets linking the four roughly 
parallel postulated a-helical segments of 
the molecule or on the exposed surface of 
one qa-helical region 

Although chromosome 21 has been 
shown to control the response to all the 
interferons!9, recent evidence suggests that 
the receptors for IFN-y and the other inter- 
ferons may be different2?2! Without 
knowing how any interferon interacts with 
its receptor or what part of the molecule 
induces its subsequent effects, ıt 1s not clear 
where these conserved amino acids fit into 
the picture of interferon-receptor binding 
and interferon function I would expect, 
however, given the probable existence of 
different receptors, that the various 
mterferons would differ ın regions that 
bind, and that the conserved regions would 
be important determinants of effector 
function, in analogy to regulatory and 
catalytic sites on allosteric enzymes 

There ıs tremendous interest, 
enthusiasm and expectation for the future 
of IFN-y as an antiviral, antitumour, or 
immune response modifier The issue that 
has attracted the greatest attention 1s its 
potency relative to that of the other inter- 
ferons In some cases IFN-y has been 
shown to be more potent than the other 
interferons, but there are an equal number 
of cases which do not substantiate such a 
difference Resolution of the question of 
relative potency of IFN-y depends on its 
purification to homogeneity so that ıt can 
be compared mole for mole with the other 
interferons with regard to all their known 
biological effects At present all units used 
to describe IFN-y are peculiar to a given 
laboratory, and as such are arbitrary It ıs 
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hoped that an international standard for 
IFN-y will be available in the near future, 
which will permit all the IFN-y 
preparations to be compared on a common 
basis 

Not only is IFN-y of considerable 
intellectual and scientific interest but also 
of tremendous commercial interest as well 
This 1s demonstrated by the large number 
of commercial, private, or university- 
based laboratories now devoted to its 
production in large quantities by con- 
ventional or recombinant DNA techniques 
The object of many such ventures 1s to 
prepare enough IFN-y for future clinical 
trials on patients with malignant or 
infectious diseases or with immunological 
defects However at present the amount of 
information available on which these trials 
would be based 1s very limited 

Thus there 1s much still to be learned about 


IFN-y The primary, secondary and 
tertiary structures of IFN-y induced by 


various inducers must be determined-to see~ «7, 


whether they are the same or different The 
chromosome- which controls the 
production of IFN-y,-and the nucleotide 
sequence of the gene on chromosome 21 


™d 


which controls the response toIFN-y, must 4 


be determined The biochemistry of the 
action of IFN-y and its: method of 
induction at the cellular and ‘genetic levels 
must be defined Abnormalities in IFN-y 
production or action in various diseases 
must be sought, and the range of viruses 
susceptible to its antiviral, activity 
determined. Finally, concertéd efforts 
must be made to determine the manner and 
degree to which the growth of various 
human tumours 1s affected by IFN-y so that 
its maximum therapeutic potential may be 
realized o 


Stem cell regulation in erythropoiesis 


from P R Harrison 


EVER since ıt was demonstrated using 
genetically marked cells that all types of 
golood cells derive from a common pro- 
genitor, the haematopoietic stem cell, 
interest has been focused on trying to 
define what controls the differentiation 
of the stem cell into one type of blood cell 
rather than another and how the relative 
numbers of blood cells are regulated 
Although ıt has long been known that 
the tissue environment has an important ın- 
fluence on the differentiation of a stem cell, 
the way ın which ıt exerts this influence 1s 
highly controversial The various mature 
functional blood cells are all derived from 
relatively small numbers of stem cells by 
way of a series of intermediate precursor 
cells which become progressively more res- 
tricted (or committed) ın the types of blood 
cells they can produce, large numbers of 
mature blood cells are then produced by 
proliferation and maturation of the ap- 
propriate committed precursor cells (see 
the figure) Oneview of stem cell differenti- 
ation sees the microenvironment as having 
an imstructive or determinative role in 
causing a Stem cell to become committed to 
one blood cell lineage rather than 
another! ? through mechanisms such as 
cell-cell interactions or short-range 
‘inducers’ But critics of this hypothesis 
have shown that the way 1n which a stem 
cell proliferates or becomes committed can 
be explained ın terms of a purely random 
genetic process**, perhaps involving some 
form of DNA rearrangement or movement 
of transposons Other strong evidence 
against an instructive role of the tissue 
microenvironment at the commitment 
stage 1s the finding that 1n spleen colonies 
formed after inoculation of bone marrow 
cells into irradiated mice the relative 


numbers of the various types of the earliest 
granulocyte and erythroid committed pre- 
cursors (CFU-C, BFU-E) are strongly cor- 
related, irrespective of colony size (or 
morphology)5 Thus it 1s argued that the 
various haematopoietic tissue environ- 
ments influence the types of blood cells 
produced purely by facilitating the pro- 
liferation of particular kinds of committed 
precursor cells 

The ‘instructive microenvironment’ 
hypothesis now seems to have taken 
another knock with new experiments 
reported by Magli, Iscove and 
Odartchenko in this issue of Nature 
(p 527) They used the classic spleen colony 
assay for stem cells devised by Till and 
McCulloch®, where cells of interest are 
injected into lethally irradiated mice and 
the presence of haematopoietic stem cells 1s 
quantified by counting the number of 
macroscopic colonies formed on the 
surface of the spleen After 7 days the 
spleen colonies consist mainly of erythro- 
blasts, whereas spleen colonies present 
after 11 days comprise a variety of 
haematopoietic cell types, including granu- 
locytes and megakaryocytes as well as 
erythroblasts It has previously been 
assumed that, since each colony 1s derived 
from a single cell, the changes 1n the local 
environment as the colony grows and 
comes into contact with different parts of 
the spleen are responsible for changes 1n the 
differentiation pattern What Magli and 
her co-workers have now shown 1s simply 
that the mixed colonies present after 11 
days are not ın the same positions as the 
early erythroid colonies, and that only the 
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Haema toporetic 
stem cell 


Simplified ontogeny of blood cells 


L, lymphocytes, G, 
granulocytes, M, macrophages, Mg, megakaryocytes/platelets, E, 
erythroblasts/red blood cells, GF, growth factor, Epo, erythro- 
poietin CFU-C, precursor cell giving rise only to granuldcytes and 


me mm m m y ee ee oe oe e y 


macrophages, BFU-E and CFU-E, early and late erythroid pre- 


cursors respectively, the CFU-E 1s responsive to erythropoietin 
Some scientists believe that the B lymphocytes and the myeloid stem 


cell are derived from a common precursor whereas the T lympho- 
cytes derive from the haematopoietic stem cell dependently Others 


believe T and B lymphocytes derive from a common lymphoid 
precursor independently of the myeloid stem cell (see ref 7) There 
is also evidence for a common precursor of erythroid and mega- 


karyocyte lineages 


late colontes contam precursors capable of 
proliferating ın culture to form colonies 
having mixed differentiation patterns (that 
is, early precursor cells of some kind, 
although not necessarily haematopoietic 
stem cells per se) This result rather under- 
mines the argument for an influence of the 
splenic microenvironment on differen- 
tiation pattern during colony growth 
Furthermore, smce stem cell assays have 
traditionally been based on early colony 
counts, 1t also means that certain conclu- 
sions about stem cells will need to be 
reassessed 

But the question of how the haemato- 
portic tissue environment facilitates the 
proliferation and/or differentiation of 
particular types of commutted precursor 
cells remains open Much of the progress in 
this direction has resulted from the devel- 
opment of in vitro systems capable of 
supporting the growth of stem cells on 
bone marrow feeder layers by Dexter and 
his colleagues in Manchester and of assays 
for committed precursor cells of various 
kinds by Metcalf, Johnson, Iscove, 
Axelrad and others It seems that, in 
general, both the earliest precursor cells 
and the various intermediate committed 
cell precursors require growth factors to 
sustain thew proliferation and differen- 
tiation (see the figure, and ref 7 for a recent 
review) As such factors are often pro- 
duced by other haematopotetic cells or 
stromal cells in the tissue environment, 
then clearly the regulation of haemato- 
poiesis involves complex interacting cell 
networks 

Does the production of these growth 
factors explain the effects of the tissue 
macroenvironment on the differentiation 
of haematopoietic stem cells? The answer ts 
probably not, according to Dexter? It 
appears, for example, that purified growth 
factors cannot mimic the local effects of 
the microenvironment if the stem cells are 
separated from the stromal cells by a thin 
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layer of agar or if they are cultured in 
diffusion chambers where direct cell-cell 
contact is prevented So either cellular 
contacts are involved as well as the 


The nature of immune 


from Ronald H Schwartz 


A NUMBER of recent experiments on 
immune responses im vitro have suggested 
what will seem to some a revolutionary 
solution to the conundrum of the antigen- 
specific genetic defects in ummunity that 
are controlled by the immune response (Ir) 
genes These genes were discovered in the 
early 1960s, in the course of experiments on 
inbred guinea pig and mouse strains 
immunized with simple synthetic polypep- 
tides! The experiments showed that some 
Strains (known as nonresponders) are 
unable to respond to specific antigens, and 
that this blind spot is due to a single 
dominant genetic locus in the major histo- 
compatibility complex (MHC) It 1s now 
clear2> that the Ir genes code for Ia 
molecules — polymorphic two-chain poly- 
peptides expressed, like the other major 
histocompatibility antigens, on the cell 
surface The first real clue to how the Ja 
molecules might influence the immune 
response lies in the phenomenon of MHC 
restriction® T cells can recognize foreign 
antigens only m association with products 
of the MHC — the particular product 
recognized being dependent on the subset 
of T cells involved in the response The T 
cell subset that recognizes la molecules 1s 
the amphfier T cell subset’, which among 
other things cooperates with B cells in the 
production of antibodies These T cells are 
believed to be activated by foreign antigens 
presented in the context of an [a molecule 
on the surface of a macrophage 

Thus it is clear how ın principle an Ja 
molecule could influence an immune 
response, but it is not obvious how a 
particular Ia molecule leads to non- 
responsiveness only to certain antigens 
Two solutions to this problem have been 
proposed One, the so-called determinant 
selection model, is that different Ia mole- 
cules possess different abilities to bind 
antigens, and that non-responsiveness 
arises from the failure of the macrophage 
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circulating growth factors, or the essential 
factors produced by the stromal cells are 
extremely labile and therefore act over only 
very short distances o 


response gene defects 


bearing the nonresponder Ia molecule to 
bind the antigen for presentation to the T 
celh? The alternative is that the T cells 
specific for a particular combination of 
antigen and Ia molecule are missing ın 
nonresponder strains? !2 This could be 
because of the absence of a gene encoding a 
T cell receptor with the relevant specificity, 
or it could be secondary to somatic selec- 
tion of the T cell repertoire Two kinds of 
selection have been envisaged One 1s nega- 
tive selection, in which T cell clones 
responding to self determinants are deleted 
during the generation of tolerance The 
immune deficiency would then arise 
because a particular combination of Ja 
molecule and foreign antigen mimicked a 
self determinant!’ Alternatively, T cells 
may be positively selected to produce a 
repertoire in which antigen recognition 1s 
restricted to self MHC In this case, the 
immune defect would be due toa failure to 
select for those clones recognizing the non- 
responder la molecule in association with a 
specific foreign antigen!!!2 Jt is to this 
theoretical controversy that the 
experiments reported by Ishn and his 
colleagues in this week’s Nature (p 531) are 
addressed 

Their experiments were designed to 
eliminate an ambiguity inherent ım the 
results of earher experiments on the cellular 
basis of non-response The usual 
procedure has been to immunize a hybrid 
(responder x nonresponder) F, animal, and 
then test its T cells for prohferation in 
response to antigen plus either responder 
or nonresponder macrophages im vitro In 
such experiments, the F, T cells always 
respond to the antigen in combination with 
the responder macrophages, but not in 
combination with the nonresponder 
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macrophages!3_ This has been taken to 
mean that it is the macrophage and not the 
T cell that ıs defective But if the defect 
were ın fact due to the absence of certain T 
cell clones as a result of somatic selection, 
then one would expect the F, to be unable 
to respond to antigens presented on 
nonresponder macrophages Thus the only 
way to test unambiguously whether tne 
defect ıs ın the macrophage or the T cell 
repertoire would be by using fully 
allogeneic nonresponder macrophages to 
present the antigen 

In order to do this, Ishu ef al had to 
overcome a technical difficulty normally, 
T cells would be expected to mount an 
Immune response to the allogeneic macro- 
phages alone, and this would obscure any 
proliferative response to the combination 
of allogeneic Ia and antigen They there- 
fore had first to remove any T cells reactive 
to the macrophage alloantigens This was 
accomplished by stimulating the T cell 
population with the macrophages ın the 
absence of antigen and killing the pro- 
liferating alloreactive T cells by exposure to 
bromodeoxyuridine and hght The remain- 
ing T cell population was then restrmulated 
with the same nonresponder macrophages, 
but now in the presence of antigen The 
interesting result which they obtained was 
that these T cells could respond to the 
antigen in association with the non- 
responder macrophages Even if the T cells 
were obtained from one nonresponder 
Strain and thus could not see the antigen in 
association with their own macrophages, 
they could respond to the same antigen in 
association with the macrophages from 
another nonresponder strain These results 
Suggest that a nonresponder T cell 
population 1s only blind to the antigen in 
the context of its own syngeneic macro- 
phages This in turn argues strongly against 
several of the theoretical models discussed 
above First, 1f T cells exist which can 
recognize the antigen and nonresponder Ia 
molecules, then genes must exist ın the 
species which encode for these receptors 
either as direct products or as somatic 
variants Second, if T cells can respond to 
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the antigen and nonresponder Ia 
molecules, then the Ia molecules 
themselves cannot be defective in binding 
and presenting the antigen Therefore, 
these experiments can be interpreted as 
arguing against determinant selection 
models and by default supporting the 
somatic T cell selection models for 
generating Ir gene defects 

This 1s not the first report of non- 
responder macrophages presenting antigen 
to responder T cells In 1973 Kapp et al '4 
demonstrated that nonresponder 
macrophages could stimulate a helper T 
cell-supported antibody response from 
responder spleen cell populations 
However, these experiments were criticized 
because the investigators did not deplete 
the responding population in alloreactive 
cells, which might have produced false 
positive results through complex 
interactions between lymphocyte subsets 
and the release of soluble recruitment 
molecules (so-called positive allogeneic 
effects)'5 Even in the experiments 
reported by Ishu ef al one has to ask 
whether the authors have sufficiently 
depleted the T cell population in 
alloreactive cells to eliminate all such 
effects They demonstrate that the non- 
responder macrophages alone do not 
induce a proliferative response, suggesting 
by the criterion of cell division that allo- 
reactivity has been removed However, 
given the fact that all the strain comb1- 
nations reported on ın the paper produced 
a response, one has to worry whether 
residual alloreactivity, such as the release 
of recruitment factors, still remains The 
authors state that they have some negative 
results using strain combinations with only 
partial histocompatibility differences, but 
these combinations might also generate 
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100 years ago 


THE MOVEMENTS OF JUPITER’S 
ATMOSPHERE 
Mr Darwin describes the bands on Jupiter as 
“‘due to the trades and anti-trades’’ set in 
motion by the action of solar radiation on the 
solid body of the planet as are the trade-winds 
of theearth Many other eminent astronomers 
still appear to accept this time-honoured 
explanation of the phenomena 
Have they reflected on the revelations 
supplied by the low specific gravity of Jupiter? 
There ıs no form of matter with which we are 
acquainted that could exist at a mean density 
of about one-fourth of that of the earth, while 
subject to the enormous pressure due to the 
mass of Jupiter, unless it were sufficiently 
hot to render the formation of a solid crust on 
its surface quite impossible In order to 
attribute terrestrial solidity to either Jupiter, 
Saturn, or Neptune we must invent a new kind 
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reduced allogeneic effects 

Nonetheless, the implications of the 
findings reported in this paper have been 
supported by recent results from other 
laboratories Pierce et al !6 reported that 
responder T cell populations contain cells 
capable of helping B cells from non- 
responders to make antibody, whereas 
(responder x nonresponder) F, popu- 
lations lacked such T cells Even more 
striking have been the data obtained with 
cloned T cell populations Clark and 
Shevach!” have isolated several clones 
from a responder strain of guinea pigs that 
respond to antigen presented on 
nonresponder macrophages from a 
different strain, but not to nonresponder 
macrophages alone, or to the same antigen 
presented on responder macrophages This 
last result 1s analogous to that of the Ishu 
experiments The beauty of the cloning 
experiments 1s that they totally eliminate 
the possibility of a false positive allogeneic 
effect since alloreactive T cells have been 
entirely removed On the other hand, the 
problem with the cloning results published 
so far is that they only describe a few 
examples These could represent rare 
phenotypes and thus might not be 
sufficient to explain Ir gene effects, which 
require the absence or lack of stimulation 
of whole families of T cells with similar 
specificities’ Overall, however, the data 
from both types of experiments would 
seem to complement one another, the 
clones addressing the doubts about 
alloreactivity and the Ishu experiments 
addressing the doubts about population 
sıze Thus ıt would appear that these 
collective experiments represent a strong 
challenge to determinant selection models 
It remains to be seen how and if this 
challenge will be met o 





of matter as infusible as platinum, and far 
lighter than hydrogen, or endow it with 
absolute incompressibility 

These planets, if composed of any of the 
chemical elements or compounds known to us, 
can only retain their low density under the 
enormous pressure of their masses by the 
agency of proportionately counteracting heat- 
repulsion At and about their centres this may 
be so far overcome by the superincumbent 
pressure as to produce solid nuclei 

Assuming the existence of such a central 
nucleus of Jupiter surrounded by a great fluid 
envelope, how will it be affected by the 
gravitating reaction of the satellite, supposing 
the compression to give it a specific gravity 
exceeding the mean specific gravity of its 
envelope? 

It will obviously perform an eccentric 
rotation, or reeling, within the envelope This 
motion must be very irregular and complex, 
owing to the different periods and the varying 
relative positions of the satellites Theeffect of 
such internal reeling upon the surrounding 
gaseous mass explains far more efficiently 
than any possibility of solar radiation, the 
disturbances indicated by the ever-changing 
belts and spots of this planet 

W Martieu WILLIAMS 
From Nature 25, 9 February, 338, 1882 
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Making muonium in vacuum 


from CJ Batty and G Marshall 


MUONIUM 1s the name given to the simple 
atomic state consisting of a positively 
charged muon and anelectron For atomic 
and chemical purposes ıt 1s aptly described 
as a light 1sotope of hydrogen with only 
about one-ninth the hydrogen mass 
However the properties of its ‘nucleus’ 
make muonium both interesting and useful 
in physics and chemistry Two recent 
papers describe a novel way of forming 
muonium which will extend its use to 
measurements ın vacuum 

The muon, identified ın 1936 ın cosmic 
ray studies, was one of the earliest of the 
elementary particles to be discovered But 
despite an enormous amount of study and 
a considerable knowledge of 1ts properties, 
its existence remains an enigma Like the 
electron and the positron, negative and 
positive muons are weakly interacting 
point-like leptons and are not influenced 
by the strong interaction felt by hadrons 
The muon differs from the electron 
essentially only ın its mass, which 1s 207 
times that of the electron 

It is relatively simple to produce intense, 
high-quality muon beams from the decay 
of pions obtained at some particle 
accelerators So ıt has been possible to 
make a thorough study of the properties of 
the muon, and then with this knowledge, to 
use the muon as a tool for measurements 1n 
other fields Thus the spin and magnetic 
moment of the muon, together with the 
fact that 1ts weak decay (with a mean 
lifetime of 2 2 us) into an electron plus two 
neutrinos 1s asymmetric or parity violating, 
have been used to give information on the 
magnetic fields inside a variety of 
materials This technique of muon spin 
rotation, or SR ın analogy with NMR and 
ESR, ıs a subject of intense interest at 
several laboratories throughout the world 
Another application involves the 
formation of muonic atoms, in which a 
negative muon 1s captured in an atomic 
orbital, effectively replacing one of the 
electrons Measurements of the radiation 
emitted in the subsequent atomic cascade 
can determine the distribution of charge in 
the nucleus 

The formation of muomum 1s fun- 
damental to expermments with muons in 
fields as diverse as quantum electro- 
dynamics, particle physics, solid-state and 
surface physics, and chemistry For most 
applications muonium can be formed by 
arresting a beam of energetic positive 
muons ın a suitable solid, liquid, or gas 
target, in the same way that hydrogen 
atoms can be formed by stopping proton 
beams Near the end of its range, the 
positive particle loses energy by 1onization, 
and in the low-velocity regime (cor- 
responding to less than about 20 keV for 
muons) there 1s a high probability that it 
will form a neutral muonium atom In 
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general the muon will capture and lose an 
electron many times before it reaches 
thermal energies, and if the likelihood for 
the capture process 1s large compared with 
that for electron loss as thermalization 
becomes complete, muonium will] be 
formed In most chemical and solid-state 
applications the interaction of muonium 
with the target material 1s studied, but this 
interaction can be a hindrance when 
studying certain other phenomena It is 
therefore of interest to develop an 
alternative method of muonium pro- 
duction so that measurements can be made 
on the atom 1n vacuum 

A group working at the LAMPE ac- 
celerator facility ın New Mexico has 
recently reported the observation of fast 
(+10 keV) muonmum in vacuum (PR 
Bolton et al Phys Rev Lett. 47, 1441, 
1981) The authors allowed an intense low- 
energy (4 MeV) muon beam to slow down 
in a polyethylene degrader before ıt passed 
through a thin foil target in vacuum It 1s 
predicted, on the basis of proton 
measurements, that a significant fraction 
of the muons emerging with energies less 
than 20 keV will be ın the form of 
muonium 

In order to separate the small neutral 
muonium component from the charged 
remainder of the beam, a 5 kG magnetic 
sweeping field ıs used immediately after the 
target foil The neutral particles travel 160 
cm from the target through the magnetic 
field to a beam stop The positrons 
expected from the decay of the muon are 
detected ın an array of scintillation 
counters and a Nal detector If the e+ are 
from the decay of y+ then they should have 
a characteristic energy spectrum with an 
endpoint energy of 53 MeV 

This characteristic energy spectrum, 
superimposed on a flat background of 
events due to cosmic rays and dominated at 
energies below 30 MeV by counts due to the 
electron contamination in the incident 
beam, has been observed 1n the experiment 
reported The introduction ofa few Torr of 
helium gas into the normally evacuated 
(< 5x10-5 Torr) apparatus causes the 
muonium signal to disappear due to the 
ionizing collisions pte~ + He>ut +e + 
He, the u+ are then swept away by the 
magnet, and the background spectrum can 
be measured The results show that, for the 
particular muon beam used, the pro- 
duction rate for muonium ıs about 3 x 10+ 
per incident pt regardless of which of 
several target foilsis used The conclusions 
are consistent with proton beam data and 
with models of the neutralization process 
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Estimates of the energies of the muonlum 
atoms indicate that 50 per cent have 
energies of less than 5 keV and 95 per cent 
of less than 20 keV 

There are two measurements in 
particular which would benefit from 
copious quantities of muonium in vacuum 
One 1s a sensitive search for the conversion 
of muonium to antimuonium (pet ) which 
can be accommodated ın some versions of 
the electroweak theory The interaction of 
muonium with matter drastically reduces 
the expected conversion rate, so that 
current limits on the process are not 
particularly restrictive The other 1s the 
Lamb shift ın muonium, the energy 
difference between the 2s 1⁄2 and 2p % states 
of the n=2 atomic level Since both the 
muon and the electron are leptons and thus 
have no structure, quantum elec- 
trodynamics can predict the Lamb shift 
very accurately, in contrast to the case for 
atomic hydrogen The fast muonium 
emerging from the foil in the LAMPF 
experiment should contain a 2s component 
of about one-eighth the total muonium 
intensity 

This component was also shown to exist 
in another recent experiment performed by 
a group from the TRIUMF meson facility 
in Vancouver, Canada(C J Orametal J 
Phys B14, L789, 1981) using a similar 
muon beam and thin foil target Muonium 
produced 1n the skin of the foil emerged to 
pass through two successive sets of parallel 
plates, used to produce high electric fields 
at right angles to the direction of motion of 
the atoms The electric fields will introduce 
through the Stark effect a2p component to 
any 2s state which may be present Decay 
can then proceed from the 2p to the 1s state 
by emission of UV light with a lifetime of 
about 3 ns The light can be detected by a 
wavelength shifter and photomultiplier 
system mounted close to the second set of 
plates A clock is started when a muon 1s 
incident on the thin foil and 1s stopped 
when an event ıs recorded by the UV 
detection system 

If voltage 1s applied only to the second 
set of plates the time spectrum should show 
three muon components an exponential 
decay due to muon-decay positrons 
incident on the photomultiplier system; a 
flat background due to uncorrelated 
events, and a foreground peak, about 150 
ns wide, due to muonium in the 2s state 
decaying ın the region of high electric field 
The foreground peak should largely 
disappear when an electric field 1s applied 
to the first set of plates, as this would cause 
the 2s state muonium atoms emerging from 
the foil to decay rapidly to the Is ground 
state before they reach the second set of 
plates and photon detector system 

Further experiments are planned to 
improve the production of muonium in 
vacuum In this way, the goals of an 
accurate determination of the Lamb shift 
and a sensitive search for the conversion of 
muonium to antimuonium should be 
achieved o 
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Is amorphous silicon played out? 


from JIB Wilson 


IN spite of enthusiasm for amorphous 
silicon as a means of making cheap photo- 
voltaic diodes, the improvement of the per- 
formance of these diodes has recently been 
slow and difficult So ıs amorphous silicon 
destined to bea false trailin the search fora 
cheap solar cell? Although some Japanese 
companies (principally Sanyo Electric Co ) 
have set up production lines for these solar 
cells, chiefly for use ın consumer products 
such as calculators, large-scale power con- 
version requires a better efficiency than the 
present about 7 per cent The main barrier 
to further improvement ıs the poor photo- 
current, caused by the high concentration 
of imperfections in the material These trap 
the free charges produced by hght and 
inhibit their collection by the metal 
contacts 

Scepticism about the potential of 
amorphous silicon cells 1s easily justified It 
has always been suspected that an 
amorphous semiconductor will have un- 
avoidably poor electrical characteristics, 
even when it 1s passivated with hydrogen 
produced by the plasma decomposition of 
silane gas (SiH,) So ıs ıt possible to 
improve the electrical conductivity of this 
hydrogenated amorphous silicon (a-Si H) 
only by sacrificing the high optical absorp- 
tion of the amorphous structure? Although 
the hydrogen will reduce strain in the 
structure and reduce the number of un- 
satisfied silicon bonds, ıt will not neces- 
sarily control the concentration of defects, 
so that hydrogen content 1s not ın itself a 
measure of the structural disorder 

Indeed, recent papers!-? suggest that in 
a-S1 H the structural disorder rather than 
the hydrogen content controls the optical 
absorption, especially below the 
‘bandgap’, even though the removal of 
hydrogen by heating leads to both a 
deterioration 1n semiconducting behaviour 
and an increase 1n optical absorption This 
suggests that ıf the optical absorption is to 
remain high, then the electrical behaviour 
of devices made with a-Si H may always be 
limited by intrinsic structural disorder even 
if the structure 1s modified with hydrogen 
or fluorine This conflict 1s already 
accepted in efforts to develop solar cells, 
and more complicated structures than a 
simple metallurgical junction have been 
suggested as ways of increasing the photo- 
current without abandoning the simplicity 
of the plasma technique of depositing sem1- 
conductors 

In spite of theoretical estimates of the 
position in the energy level scheme of 
particular defects, such as unsatisfied 
silicon ‘dangling’ bonds and those 
produced by silicon-hydrogen groups, the 
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Inverse process of identifying bandgap 
energy levels with the physical entities to 
which they correspond has been unsuccess- 
ful, largely because of disagreement about 
the actual distribution of these energy 
levels within the bandgap (Only ın a pure 
crystalline semiconductor 1s this bandgap 
completely disallowed ) 

Since the bandgap levels are those 
responsible for photoluminescence and 
photoconductivity, as well as for the 
control of electrical conduction, it 1s sur- 
prising that there should still be so many 
uncertainties One difficulty in the inter- 
pretation of experimentally determined 
distributions ıs that the surface of the sem1- 
conductor (or its interface with an elec- 
trical contact) may contribute a substantial 
number of additional energy levels, 
perhaps with an energy distribution dif- 
ferent from that in the semiconductor 
bulk Another ıs that some expermmental 
techniques are insensitive to any structure 
in the distribution Thus field effect measure- 
ments (using a metal oxtde-semiconductor 
transistor) give a mid-bandgap density of 
energy levels of ~ 1017 cm~? eV-', whereas 
a transient capacitance technique (deep- 
level transient spectroscopy), which 1s said 
to distinguish between bulk and surface 
effects, has given a surprisingly low value 
of ~ 10° cm~? eV-! There ıs, however, 
disagreement about the interpretation of 
this data3 

Moreover, there is one intriguing elec- 
trical conductance phenomenon for which 
the simple one-electron model of the 
energy levels due to defects appears to be 
inadequate — the ‘Staebler-Wronski 
effect? This consists of photostructural 
changes when a-S: H ıs illuminated with a 
high flux of visible wavelength photons‘ 
the electrical conductivity gradually 
decreases by a small factor, but the sub- 
sequent dark conductivity decreases by up 
to 10,000 trmes These changes can be 
reversed by annealing the sample at ~ 
150°C for some minutes, but there 1s no 
distinct temperature threshold Although 
similar effects can be produced by adsorp- 
tion on the surface, this 1s definitely a bulk 
effect and 1s ascribed to a movement of the 
Fermi level towards the middle of the 
bandgap The phenomenon does not occur 
in heavily doped p- or n-type samples 

An explanation invoking self-trapped 
excitons has been proposed by Elliot, 
while a more elaborate model due to Adler 
successfully explains variations of the 
effect in lightly doped samples as well as 
other experimental observations Adler 
proposes that two adjacent neutral 
dangling bonds (T,°) ın the predominantly 
tetrahedral lattice (for not all dangling 
bonds are removed by hydrogen) are de- 
hybridized from their usual sp? character 
to the (trigonal) sp?-p, form The transfer 
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of an electron creates a pair of charged 
centres, an acceptor (T,*+) and a donor 
(T,-), but their energy levels within the 
bandgap are thought to be inverted 
compared with those of the usual substi- 
tutional impurity donors and acceptors 

On Adler’s model, interconversion 1s 
prevented by a potential energy barrier, for 
the charge centres have different bond 
angles within the lattice On this view, the 
decrease ın photoconductivity and the shift 
in Fermi level observed in the Staebler- 
Wronski effect are produced by the asym- 
metric trapping of free charges at these 
energy levels, with a consequent con- 
version of neutral donors to acceptors The 
increased concentration of acceptors 
causes the Fermi level to move downwards, 
giving a lower dark conductivity Thermal 
annealing helps the potential barrier to be 
overcome, assisting a gradual return to the 
orginal T;° states (An inverse effect occurs 
when the initial position of the Fermi level 
favours the conversion of neutral acceptors 
to donors ) 

Althougn the Staebler—Wronski effect 1s 
of little importance for the operation of 
solar cells (because the photoconductivity 
changes are too small to have much effect 
on the cell resistance), 1t does demonstrate 
the complexity of the defects in this 
disordered solid These must be better 
understood before ıt can be told whether 
their presence 1s unavoidable And even as 
things are, useful solar cells can be made 
from plasma-deposited amorphous silicon 
of existing quality, while other devices are 
not far behind. Further improvements ın 
the material, ether during production or 
by treatment afterwards, should still be 
possible O 
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Corrigendum from B T Pickering 

In commenting ın these columns on the 
sequence of the common precursor to 
vasopressin and its neurophysin I stated 
that ıt held no surprises (Nature 295, 280, 
1982) However I also stated that the 
signal sequence ıs separated from that of 


vasopressin by a pair of basic residues 
which re-examination of Fig 4 in the 
paper by Land et al (Nature 295, 299, 
1982) shows to be incorrect Indeed, had 
it been so, this would have been a 
surprise, since the membrane-associated 
cleavage of prepeptides 1s not thought to 
involve basic residues 
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What makes a good textbook? 


The most warmly welcomed textbooks are new editions of standard works. 


What lessons should publishers draw? 


THAT there 1s unlikely to be an immediate shortage of new 
textbooks 1s well attested by the pages that follow In spite of the 
way in which most university systems are at present short of 
funds, publishers are still prepared to launch new products on 
student bookshops, while teachers of all kinds appear to have the 
time to put them together On the face of things, at least one part 
of the academic industry ıs in good shape Moreover, on the 
showing of this year’s crop of books, there 1s no reason to suppose 
that the creationists’ complaints about the compilation of 
textbooks for high schools ın the United States, or even the hidden 
threat engendered by the recent trial ın Arkansas, have their 
counterpart in higher education Textbooks remain what they 
have always been — honest attempts to put between two covers 
(or, sometimes, four) an account of some field of knowledge and, 
frequently, some means of helping students to be sure that they 
have come to grips with it Moreover, some of the fashions of the 
past few years seem now to be on the decline The programmed- 
learning book, for example, seems far less common than a decade 
ago, partly no doubt because of the high cost usually involved but 
chiefly because students have apparently voted with their pocket 
books, and have thus told publishers that they do not like to be so 
tightly constrained It 1s good to have this demonstration that the 
market functions 

So does it follow that the present offering of textbooks 1s 
precisely what the community of students needs? Unfortunately 
not Even when it ıs accepted (as ıt should be) that students’ 
reading 1s not confined to the textbooks on their recommended 
reading lists, even a cursory reading of the reviews that follow 
will show that the textbooks now available are not uniformly 
satisfactory, even by the objectives stated by the authors in the 
introduction Why should this be? And how does it come about 
that the three new books on which reviewers have lavished 
something akin to affection are in their different ways 
idiosyncratic books? J Z Young’s The Life of Vertebrates is now 
a classic, read by people other than students, and has managed to 
survive more than a decade out of print Dirac’s The Principles of 
Quantum Mechanics, now put into paperback ın its fourth 
edition, has exactly the same status ın a very different field and 1s 
as much an historical document as a textbook (Indeed, students 
should be warned not to trust their conclusions 1f their arguments 
are as economical as Dirac’s ) Sir Arthur Holmes’s Principles of 
Physical Geology (long out of print) was, 1n its time, in the same 
mould — it was a robust and almost personal statement of the 
structure of the Earth which did not, for example, shrink from 
remarks about the plausibility of continental drift Textbook 
writers (and their publishers) should prudently consider why these 
three volumes, and others like them, have been such great 
successes, intellectual and no doubt commercial 

The common properties of such volumes are easily listed First, 
their authors were practising and enthusiastic teachers (Though 
when Dirac’s book first appeared, more than half a century ago, 
he was by no means an experienced teacher ) Second, the 
enthusiasm has been transferred from the classroom to the page 
Third, perhaps as a consequence, the selection of topics and the 
distribution of emphasis is not what would be recommended by a 
solemn academic committee brooding about the exact balance of 
some students’ course Fourth, the sweep of all these books 1s 


grand, the reader ıs left ın no doubt that the essence of the field 
concerned has been fully described, even if a great many details 
have been omitted, which 1s most probably why they have all 
appeared in one edition after another Finally, the language in 
which the text 1s written has an interest of 1ts own These three 
books are more than merely literate Each also has a distinctive 
and even memorable style that somehow impresses on the reader’s 
mind a sense that he ıs acquiring not merely information but an 
imaginative assessment of ıt 

For publishers, these reflections are no doubt discouraging If 
textbooks of distinction require of their authors such a blend of 
uncommon qualities, the chances of outstanding success must be 
very small Fortunately, the prospects are not so gloomy Often, a 
group of people may be found collectively to show the qualities of 
a single talented author One interesting example among this 
year’s textbooks 1s The Principles of Neural Science, edited by 
ER Kandel and J L Schwartz but ın reality an apparently 
accurate reflection of the interests and enthusiasms of the strong 
research group at Columbia University As the reviewer remarks, 
readers may learn less about the chemistry of the central nervous 
system than (at this level) they need to know — and they may also 
learn more about the motor system than they want to know But 
the book, bulky though it 1s, makes good reading and has a 
character of 1ts own 

The consequences, for the textbook trade, are straightforward 
The principles that apply elsewhere ın book publishing are still 
applicable The first test that should be satisfied by a textbook 
proposal is that it should be organized around a clear intellectual 
objective — and not too much encumbered by extraneous 
chapters whose function 1s chiefly to satisfy course requirements 
in this or that department Self-conscious attempts to define the 
content of textbooks by means of curriculum development, which 
have been valuable and successful ın the schools, have not so far 
been of great value in higher education The chief but obvious 
difficulty 1s that even undergraduate courses are these days bound 
to be evolving rapidly, while the committees that superintend 
curriculum projects are bound to dilute the vision of their most 
ymaginative members By the same test, there are also limits to 
what can be done, in advance of publication, to ensure that 
textbooks for use in higher education can be tested by 
representative groups of the intended users For the outstanding 
textbooks are those which, by being available, influence the 
pattern of what 1s taught As elsewhere in the book trade, 
publishers cannot hope to know ın advance whether they have 
published an outstanding book or a mere potboiler 

Thus the charitable view of the continuing spate of textbooks 1s 
that 1t represents the efforts of publishers and their authors to 
produce books that will endure, influencing the pattern of teaching 
inthe process There1s, unfortunately, more to be said The num- 
bers of apparently simular titles, especially ın fields in which the 
scale of teaching 1s quickly growing, are too great to be explained 
simply by people’s earnest wish to put a potentially worthwhile 
book to'the test of tıme and the student market Too often, new 
textbooks uncannily resemble well-established works Too often, 
they reflect the narrow idiosyncracies of individual teachers or 
departments And, too often, they leave their student users with 
the false impression that science 1s, after all, a dull business 
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In Dirac’s shadow 


IT IS a malicious fate that sends a new book 
on quantum mechanics to be reviewed 
beside that of Dirac It places an mhuman 
burden of restraint on the reviewer, whose 
first thoughts of Decline and Fall seem to 
require the pen of Gibbon or perhaps 
rather Evelyn Waugh Dhurac’s classic 
textbook, The Principles of Quantum 
Mechanics, first appeared ın 1930 but ıt 
remains incomparably the best book on the 
fundamentals of quantum theory Here it 
is freshly reprinted as a paperback from its 
hardbound fourth edition, incorporating 
the revisions of 1967 on quantum field 
theory 

For those not yet familiar with ıt, let me 
say briefly that starting from the clearest of 
all accounts of the linear structure of 
quantum mechanics ıt proceeds to cover all 
the standard non-relativistic aspects of 
quantum mechanics other than variational 
techniques In addition, the relativistic 
single electron and the quantum field 
theory of photons, electrons and positrons 
are described with masterly clarity and 
economy Only the section on field theory 
may be regarded as provisional or seriously 
incomplete, since there 1s no hint of the rich 
development of quantum field theories 
since 1967 for the description of leptons 
and hadrons All serious students should 
read this book but 1t demands unflagging 
intellectual courage Moreover, it seems to 
get better and to yield more insights with 
Increasing experience on the part of the 
reader For these reasons almost no 
lecturer dares to use it as a standard 
textbook 

It ıs doubtless for similar reasons that we 
have, year after year, yet another crop of 
new books on quantum mechanics for 
irascible reviewers to condemn John 
Martin’s Basic Quantum Mechanics 1s 
meant as an introductory book for 
physicists His approach ıs modern and 
non-historical, and from the beginning he 
banishes classical thinking ın favour of the 
calculus of probability amplitudes This 
approach ıs shown to good effect 1n his use 
of the Stern—Gerlach experiment to set up 
the two-component description of electron 
spin He treats the standard solvable 
problems and then covers tıme- 
independent and _ time-dependent 
perturbation theory through the golden 
rule and the resonance approximation 
There 1s a short account of dipole radiation 
and finally an introduction to the 
variational principle Many familiar 
topics, however, are missing There ıs very 
little discussion of the uncertainty principle 


R.B. Jones 


The Principles of Quantum Mechanics, 4th 
Edn ByP AM Dirac Pp 314 Pbk ISBN 
0-19-852011-5 (Oxford University Press 
1981 ) £795, $2950 Basic Quantum 
Mechanics By J L Martin Pp 241 Hbk 
ISBN 0-19-851815-3, pbk ISBN 0-19- 
851816-1 (Oxford University Press 1981 ) 
Hbk £17 50, $39 50, pbk £7 95, $17 95 
Quantum Mechanics By Hendnk E 
Hameka Pp 387 ISBN 0-471-09223-1 
(Wiley 1981) £24, $4325 Quantum 
Mechanics For Applied Physics and 
Engineering By Albert Thomas 
Fromhold, Jr Pp 430 ISBNO-12-26915-4 
(Academic 1981 ) £22 60, $34 
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and no mention of the geometrical shape of 
wave functions or of the lnk between 
nodes and quantum numbers There 1s no 
commutation rule treatment of orbital 
angular momentum eigenvalues, no three- 
dimensional scattering, no exclusion 
principle In spite of many such omissions, 
this 1s a good, well-written introductory 
book with a distinctive pomt of view to 
justify its existence 

Quantum Mechanics by Hendnk F 
Hameka ıs a book written for chemists His 
approach 1s historical and primarily wave 
mechanical, he has made the book self- 
contained ın its mathematical techniques to 
a degree not necessary for physics students 
but perhaps helpful to chemists In this 
respect he over-emphasizes the role of 
special functions at the expense of matrix 
mechanics aspects of the subject His 
treatment of the standard solvable 
examples is undistinctive and for me the 
book only came to life with the treatment 
of approximation methods There 1s a nice 
combination of time-independent pert- 
urbation theory with variational 
techniques to include perturbations about 


approximate etgenfunctions Time- 
dependent perturbation theory includes an 
introduction to line widths and lifetimes 
There ıs both a semi-classical and a second 
quantized treatment of atomic radiation 
Spin and the exclusion principles are 
discussed, with a clear introduction to 
Slater determinants and Slater orbitals in 
the Hartree-Fock treatment of many- 
electron atoms There 1s very little on 
angular momentum addition and no three- 
dimensional scattering theory This ıs a 
reasonable textbook for a course biased 
towards atomic structure but, while 
perhaps an attractive book for chemistry 
students, 1t will not be a text of first choice 
for physicists 

Albert Thomas Fromhold, Jr, calls his 
book Quantum Mechanics for Applied 
Physics and Engineering and intends ıt as a 
two-year course for technologists working 
with solid state devices such as tunnel 
diodes or Josephson junctions It 1s, in 
fact, three books in one for he covers 
elementary quantum mechanics, statistical 
mechanics of ideal quantum gases and solid 
state physics — an ambitious venture 
which does not succeed to my mind because 
these three subjects appear ın unbalanced 
and piecemeal form Thus ın the section on 
quantum mecnanics the simple harmonic 
oscillator and the hydrogen atom are 
omitted, apart from quoting their energy 
levels, while endless pages are devoted to 
one-dimensional tunnelling probabilities 
for square and trapezoidal barriersin WKB 
approximation One learns about the 
almost free electron model of metals but 
nothing serious about phonons or magnetic 
properties of solids The book ıs well 
produced and copiously supplied with 
problems and illustrations, but I do not 
think this approach will produce- broadly 
based or coherent understanding It would 
not take so much longer to learn these 
subjects as a physicist would by using the 
excellent textbooks already available and, 
incidentally, obtaining a much broader 
understanding 

One last stone remains to be hurled at 
each of the three books just considered 
The authors treat mathematics as a subject 
which will terrify or confound their 
readers It isin fact the natural language of 
quantum mechanics, and should be used 
without comment rather than segregated 
into separate sections marked 
“Dangerous”? O 
Ss E 


R B Jones ıs a Lecturer in Physics at Queen 
Mary College, University of London 
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Variations on cosmology and astrophysics 


Joseph Silk 


The Physics-Astronomy Frontier By Fred 
Hoyle and Jayant Narlıkar Pp 483 ISBN 
Q-7167-1160-5 (WH Freeman 1981 ) 
£16 60, $2395 Relativistic Cosmology 
An Introduction By Jean Heidmann 
Pp 168 ISBN 0-387-10138-1 (Springer- 
Verlag 1980 ) DM48, $28 30 Cosmology, 
2nd Edn By Michael Rowan-Robinson 
Pp 152 Hbk ISBN 0-19-851857-9, pbk 
ISBN 0-19-851858-9 (Oxford University 
Press/Clarendon 1981) Hbk £12 50, 
$44 50, pbk £5 95, $17 95 


IN ANY rapidly developing area of science, 
the textbook writer should do more than 
prepare a guide, no matter how thorough, 
to past accomplishments ın hus field He 
must capture some of the excitement of 
developments ın research, of new and 
tentative discoveries, of competing claims 
and counterclaims An up-to-date 
treatment 1s especially crucial ın the field of 
astrophysics, where the student 1s con- 
fronted in the datly press with a barrage of 
half-digested reports of new advances 

The texts by Jean Heidmann and by Fred 
Hoyle and Jayant Narhkar are faures by 
this measure This defect 1s unfortunate 
since both books possess refreshingly novel] 
features Heidmann’s text 1s a translation 
from French, originally published in 1973 
Few revisions were made for the English 
edition, affecting only about five per cent 
of the text The field of cosmology has 
developed enormously in the past decade, 
little of this ıs reflected in Relativistic 
Cosmology However an unusual featureis 
the attempt, on the whole successful, to 
make esoteric topics in differential 
geometry accessible to the non-specialist 

The book begins with a discussion of 
topics in extragalactic astronomy that are 
of interest to the aspiring cosmologist, 
including clustering of galaxies, the 
expansion of the Universe, and inter- 
galactic matter The text, though, suffers 
from a lack of modern results Although 
the intent ıs for the reader to fill in details 
by reference to the bibhographies, this will 
be difficult, since the references, almost 
without exception, stop at 1978 The 
section on the differential geometry of 
curved spaces ıs lucid and interesting 
My only quibble is that it 1s almost irre- 
levant to the rest of the book The remain- 
Ing sections consist of a discussion of the 
Friedmann-Lemaitre cosmological models 
and of rudimentary observational 
cosmology Whule the level of this book 1s 
appropriate for a first-year course for an 
undergraduate with a mathematics and 
physics background, ıt ıs difficult to 
imagine any course being based on this text 
without an enormous amount of supple- 
mentary material 

By way of contrast, The Physics— 
Astronomy Frontier does provide a self- 
contained account of astrophysics Its ar 


is to describe astronomy from the per- 
spective of a physicist Consequently, each 
section begins with a discussion of one of 
the fundamental forces of nature (electro- 
Magnetic, nuclear weak and strong, and 
gravitational) before moving on to the 
astronomical phenomena This book 1s 
especially interesting on historical develop- 
ments and anecdotes — such as when 
Hoyle reminisces about how Walter Baade 
almost discovered the pulsar in the Crab 
nebula — and the early years of radio and 
X-ray astronomy are well covered 
However, the authors do not mention any 
observational discoveries of the past five 
years Consequently, the explosive growth 
in radio and X-ray astronomy and other 
fields 1s ignored This is especially unfor- 
tunate in a book that purports to be 
probing the frontiers of astronomy and 
physics One notable omission is any 
discussion of particle physics in the very 
early stages of the big bang Instead, the 
reader ıs offered an exotic cosmological 
theory, developed, and possibly only taken 
seriously, by the authors themselves 

The Physics-Astronomy Frontier 1s 
written for students who possess a strong 
secondary school science background The 
text 1s mostly non-mathematical Does ıt 
succeed, as the authors hope, by focusing 


Life of cosmic rays 
G.T. Bath 


High Energy Astrophysics By MS 
Longair Pp 412 Hbk ISBN 
0-521-23513-8, pbk ISBN 0-521-28013-3 
(Cambridge University Press 1982 ) Hbk 
£24, $49 95, pbk £8 95, $19 95 


IT 1s a considerable task of synthesis to 
show the connections between the main 
fields of astronomy which have flourished 
in recent years and at the same tıme convey 
the drama of research at the frontiers It 
must range from the solar wind to clusters 
of galaxies, from radiation processes 1n the 
presence of strong magnetic fields to the 
space-time structure of black holes This 1s 
the ambitious aim or this introductory 
textbook — to show how astronomers 
work, how they think and how the subject 
has developed — by introducing the reader 
to many of the discoveries of the past 20 
years, and by explaining some of the 
theoretical interpretation that has survived 
the rigours of criticism and discussion 

But this book 1s not simply an exposition 
of modern astrophysics The author adopts 
a quite original approach Taking as his 
central theme the subject of cosmic rays, 
their detection and the physics of their 
interaction with the environment, the 
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on the fundamental forces of nature in 
enabling the reader to actually acquire a 
physical understanding of astronomical 
phenomena? Certainly ıt 1s far superior in 
this regard to other astronomy texts at a 
comparable level However, the astrono- 
mical contents are deficient and dated, at 
best, one might use the Hoyle-Narhkar 
book to complement a more conventional 
astronomy text assigned for an under- 
graduate course for non-specialists 
Michael Rowan-Robinson’s second 
edition of Cosmology is an updated version 
of a text originally published in 1975 for 
first-year mathematics and physics 
undergraduates It provides a self- 
contained description of the visible 
Universe, including both galactic and 
extragalactic phenomena of interest to the 
observational cosmologist There are 
minor omissions, such as any discussion of 
chemical evolution, but a reasonably 
thorough basis ıs established for cos- 
mological theory The meat of the book hes 
1n its discussion of the big bang models and 
of therr observational implications This 1s 
a well-written summary of cosmology, 
which aspires (not without good reason) to 
be a successor to Hermann Bond1’s text of 
the same title that had such a profound 
influence on undergraduates two or three 
decades ago O 





Joseph Silk is Professor of Astronomy at the 
University of California, Berkeley 


presentation derives the- necessary basic 
physics to trace the cosmic ray propagation 
path through the atmosphere, the 
magnetosphere, the solar wind, and the 
interstellar and intergalactic medium, back 
to the production of high energy particles 
In galactic and extra-galactic objects The 
high energy astrophysics of the title refers 
to these ultimate sources of cosmic rays in 
the Universe, which are introduced as their 
peregrinations through the hazards of 
space are traced back to their birth 

The author makes no apology for 
presenting the material, and referring toit, 
as a lecture course Indeed his personality 
and enthusiasm shine through the informal 
and stimulating style of the writing The 
depth of discussion vanes from subject to 
subject Ina book which introduces cosmic 
ray physics and detectors, basic astronomy 
at all wavelengths, stellar evolution and 
stellar death, the properties of galaxies and 
clusters of galaxies, and high energy 
astrophysics, this is not surprising As a 
stimulating undergraduate introduction to 
particle propagation at high energies, and 
the astrophysical environment ın which ıt 
all takes place, this book gives a broad 
background without losing contact with 
the dynamism that created the subject 
GT Bath ts a Research Fellow in the 


Department of Astrophysics, University of 
Oxford 
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Blinded with theory 
J.S.A. Green 


An Introduction to Atmospheric Physics, 
2nd Edn By Robert G Fleagle and Joost 
A Businger Pp 432 ISBN 0-12-260355-9 
(Academic 1980) $2950, £1960 An 
Introduction to Atmospheric Radiation 
By Kuo-Nan Liou Pp 392 ISBN 0-12- 
451450-2 (Academic 1980) $34 50, 
£22 80 


WE LIVE 1n a world where physics students 
seem to believe that 1f a process can be 
visualized, ıt must be trivial Thus the really 
important things to study are theoretical 
physics, quantum mechanics and nuclear 
physics A subject such as biophysics 
becomes more respectable if the object of 
study 1s first reduced to a molecular soup, 
less so 1f an actual tangible biological entity 
is involved Meteorology comes some- 
where 1n the middle because, though we 
have our share of specialized incommun- 
cable topics, the essential feature of the 
subject 1s the bringing together of many 
branches of physics ın a way that can lead 
to understanding the very tangible pheno- 
mena presented by the weather 

Fleagle and Businger cover aspects of 
cloud microphysics, scattering and 
absorption of electromagnetic radiation, 
fluid dynamics and photochemistry at a 
level acceptable to a graduate student of 
physics or mathematics The text ıs clear, 
but as 1n any such collection of work from 
different specializations notation ıs a 
problem and the authors’ suffix notation 
gets out of hand at times Worked prob- 
lems are used to extend the students’ 
appreciation, though ıt takes a lot of will 
power not to cheat and look at the solution 
Straight away Definite improvements to 
the 1963 edition are the addition of a useful 
chapter on dynamics and more modern 
theory of turbulence, with the rather 
isolated chapter on geomagnetic effects 
now being omitted 

Liou deals with the transfer and 
detection of solar and terrestrial radiation, 
aimed perhaps at the student anxious to 
study data provided by the earth-satellite 
programme Recommendation 1s difficult 
because the book 1s so carelessly written 
The text 1s distinctly oriental at times — cgs 
and calories are dominant units, rainbows 
are a consequence of scattering and 
lcm =30 GHz A more conventional ex- 
planation of the rainbow 1s given later and 
the chapters on Mie theory and multiple 
scattering are extensive 

Something, however, 1s missing from 
both books and finally I concluded that it 
was that there isn’t actually any 
meteorology in them Never do the authors 
dig you in the ribs and mutter 
conspiratorially ‘“‘there — you have seen 
that phenomenon before, and never 
realized the beauty of the physics behind 
it’’ Thus both books suffer because they 
do not make use of the students’ (or the 


authors’) prior knowledge of what the 
atmospheres like For judgement, context 
and excitement the student would too often 
have io refer to the original texts, and so, he 
might as well study quantum mechanics 
Most telling to me 1s that the authors do 
not use their eyes Liou’s three-dimensional 
diagrams (pp 130 and 222, for example) 


look as though they were drawn by Escher 
for purposes other than conveying 
information about physics Fleagle and 
Businger’s are not much better go 


John Green ts Reader in Physical Climatology at 
Imperial College, University of London, and 
runs a course in atmospheric physics 


Mixed diet for students of climatology 


J.P. Palutikof & T.M.L. Wigley 


An Introduction to Climate, Sth Edn By 
Glenn T Trewartha and Lyle H Horn 
Pp 416 ISBN 0-07-065152-3 (McGraw- 
Hill 1980 ) £18 25, $32 95 Chmatology: 
Selected Applications By John E Oliver 
Pp.260 ISBN 0-7131-6303-8 (Edward 
Arnold/Halsted 1981) £1495, $34 95 
Mountain Weather and Climate By Roger 
G Barry Pp 313 ISBN 0-416-73730-7 
(Methuen 1981 ) £17 50, $33 25 


IF climatology were breakfast, these three 
books would be eggs Benedict (Barry), 
Spanish omelette (Oliver) and rather old 
porridge (Trewartha and Horn) Barry’s 
book ıs :maginative and nourishing, but 
perhaps a little esoteric for everyday tastes, 
Oliver’s, original in concept although not 
totally successful in execution, 1S 
nevertheless full of good things As for 
Trewartha and Horn, while the book still 
has some nutritional value, the average 
breakfast eater would probably choose to 
eat out 

An Introduction to Climate is the fifth 
edition of a book which was first published 
in 1937 The style is still reminiscent of the 
pre-War approach to climatology, 
although ın this edition some effort has 
been made to give the book a ‘‘more 
modern cast’? Unfortunately ıt needs a 
completely new script as well as a new cast 
Much of the book ıs devoted to the Koppen 
classification of climates, and little 
attention is paid to modern developments 
in climatology One hopes that few 
lecturers or teachers today would structure 
an introductory course on climate with this 
sort of emphasis As an illustration of the 
old-fashioned approach, the data given ın 
the form of maps, diagrams and tables 
rarely have any indication of the period 
represented, the reliability or the source 
This denies two key issues in modern 
climatology — the facts that climate does 
change, on all time-scales, and that our 
knowledge of global climate 1s very 
meagre The book 1s at best misleading, at 
worst wrong; it provides a salutary lesson 
that a time must come when updating 
(even if ıt 1s done well, which ıt 1s not here) 
is no longer a useful exercise 

The stated aim of Climatology Selected 
Applications is to ‘‘supply appropriate 
real-world applications’’ for basic 
university courses in climatology The 


author takes in turn each of the themes 
which form the content of such courses, 
summarizes ıt, and then proceeds to 
provide case studies of the incidence and 
impact of the climatological features 
involved To take one example, Chapter 7 
begins with a general description of global 
circulation patterns, then examines in 
detail the synoptic patterns of the severe 
winter of 1976-1977 ın the United States 
and finally considers the impact of this 
unusual climatic event This is followed by 
a complementary analysis of the 
contrasting summers of 1975 (wet) and 
1976 (dry) in the US midwest The ap- 
proach ıs a new and valuable one, which 
for many teachers will supply a long-felt 
need For others, awareness of this text 
may well provide a new dimension to 
teaching 

The book 1s likely, therefore, to be 
widely read and have considerable 
influence As a first attempt, ıt must be 
praised Criticism may be levelled at ıt for 
being somewhat shallow, although this can 
be rectified ın subsequent editions when the 
concept ıs better established British 
readers will perhaps think that the 
concentration on examples from the 
United States 1s disappointing, others will 
find the system of blocking the data 
analysis sections into separate boxes 
disrupting to the flow of the text Perhaps 
the greatest compliment one can give any 
textbook ıs that it makes learning 
interesting and dare wesayit, fun In this, 
Oliver’s book certainly succeeds 

Barry’s Mountain Weather and Climate 
is a Unique volume on a special subject He 
discusses all aspects of the weather and 





The 
coverage is global and the framework very 
general, but the material presented 1s 
invariably most detailed and specific Asan 
example of a specialist work it 1s excellent 


chmates of mountainous regions 
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ideal as the basis for an upper-level 
undergraduate or graduate course, and 
sufficiently detailed and authoritative that 
it can act as a comprehensive and up-to- 
date reference work Since no other 
publication covers this field, and because 
the author perceives well the far-reaching 
implications of the subject matter, ıt 
succeeds also as a basic source book for 
botanists, foresters, glaciologists and 
hydrologists The bibliography ıs most 
impressive, but unfortunately there is no 
author index This is a mere token 
criticism, however Although a specialist 
work, this book should be on the shelf of alll 
chmatologists and all those interested in the 
mountain environment 

Comparing three such different books is 
an invidious task, one which we shall not 
attempt The fact that, in a ‘‘small’’ 
discipline like climatology, such diversity 1s 
possible illustrates the mushrooming 
growth of the subject in recent years The 
different approaches of Trewartha and 
Horn on the one hand and Oliver on the 
other are an indication of the extent to 
which the subject has developed Both 
Ohver’s and Barry’s books show how 
much climatology impinges on many other 
disciplines, and are harbingers of future 
developments O 





JP Palutikof and TML Wigley are in the 
Clımatıc Research Unit at the University of East 
Anglia 


Earthly delights... 
Keith Bell 


Essentials of Earth History An Intro- 
duction to Historical Geology, 4thEdn By 
W Lee Stokes Pp577 ISBN 0-13- 
285890-8 (Prentice-Hall 1982) $25 95, 
£1945 Evolution of the Earth, 3rd Edn 
By Robert H Dott and Roger L Batten 
Pp 573 ISBN 0-07-017625-6 (McGraw- 
Hill 1981 ) $31 50, £17 50 





TO WRITE a well-balanced, comprehensive 
textbook at the introductory level about 
the history of the Earth, palatable to both 
arts and science students alike, offers 
something of a challenge, particularly at 
the present time Results of space 
exploration, as well as new findings 1n plate 
tectonics and evolution (dare I mention the 
word?) must be fitted into one compact 
volume along with at least some of the basic 
principles of stratigraphy 

Exciting introductory textbooks are 
rare My own favourite used to be the 
second edition of Arthur Holmes’s 
Principles of Physical Geology (Ronald 
Press, 1965), a book written in a bold, 
masterly style, brimful of ideas and still 
retaining a freshness some 20 years later 
But what of present-day texts? 

Under review are new editions of two 


Textbook Supplement 


books that have been popular ın North 
American universities for some years Both 
are well-written, profusely illustrated, 
accurate and surprisingly similar both in 
scopeandincontent Diverse topics such as 
the evolution of the Solar System, the 
origin of hfe and palaeomagnetism are 
included, along with a generous serving of 
historical geology Both books retain 
Jayouts similar to the earlier editions 
Stokes’s text, however, has been 
extensively rewritten and many new 
illustrations either supplement or replace 
those of the previous work 

Stokes’s approach 1s the more cautious 
and circumspect of the two Although 
Essentials of Earth History tends to be 
written inadry, somewhat formal style, the 
book ıs by no means dull The well- 
illustrated volume contains a number of 
excellent photographs, including some 
from the recent Pioneer and Viking 
missions Most chapters are self-contained 
(Chapter 7, ‘‘Cosmic Beginnings’’, was 
particularly enjoyable) And, under the 
heading ‘‘Search for an Ethic” ın the final 
chapter, ıt was interesting to see at least a 
token attempt to reconcile present 
evolutionary theory with religious beliefs 
Stokes, throughout most of the book, 
seems to have the knack of anticipating 
students’ questions and needs, rather than 
evading contentious issues, the author 
confronts most of them head on 

The book by Dott and Batten ts generally 
more direct and the reader ıs led at a fairly 
brisk pace from start to finish The 
diagrams are superb and are among the 
clearest that can be seen in any 
introductory textbook Topics such as 
geochronology, plate tectonics and the 
early evolution of the Earth are handled 
with a minimum of jargon and in a 
straightforward, concise style However, I 
suspect that those chapters dealing with 
historical geology, mainly of North 
America, may overwhelm most students, 
each of them contains too much detail and 
too many disjointed topics Although the 
introduction of many concepts within each 
chapter was probably meant to challenge, 
the overall effect may be to daunt all but 
the most enthusiastic students Chapter 14, 
for example, includes discussions about 
sedimentary cycles, the red-bed problem, 
the Appalachian Orogeny, the significance 
of thrust-faulting and Palaeozoic land 
floras! 

Nevertheless, either book would make a 
good introductory text, though less 
Stratigraphy and a little more about 
igneous and metamorphic rocks (men- 
tioned but briefly) would certainly extend 
the scope of both of them An interesting 
feature of each book 18 a glossary of 
geological terms — to any student just 
coming ito the earth sciences this 1s 
particularly useful O 





Keith Bell is Professor of Geology at Carleton 
University, Ottawa 
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... heavenly bodies 
L. Wilson 


Earthiike Planets Surfaces of Mercury, 
Venus, Earth, Moon, Mars By Bruce 
Murray ef al Pp 387 Hbk ISBN 
O-7167-1148-6, pbk ISBN 0-7167-1149-4 
(WH Freeman 1981) Hbk $27 50, 
£20 40, pbk $15 95, £10 95 





THE constant development of the planetary 
sciences presents problems for the writers 
of textbooks, since such works are ın real 
danger of being significantly out of date, at 
least ın parts, by the tyme they are pub- 
lished This problem ıs avoided by the 
authors of Earthhke Planets by omitting all 
mention of the gas giants, Jupiter and 
Saturn, and their satellites (targets of the 
most recent planetary probe missions), and 
confining attention to the more truly 
Earth-like inner planets — Mercury, 
Venus, the Moon and Mars Many aspects 
of the major stages of evolution of these 
bodies are now well understood and ıt is 
becoming possible to make useful com- 
parisons between these planets and the 
Earth, both 1n terms of the histones of their 
interiors and .of the geological, physical 
and chemical] processes which have 
moulded their surfaces 

Indeed, this book 1s explicitly committed 
to the concept of comparative planetology 
and the first four chapters deal with various 
aspects of the study of all the inner planets 
taken as a group a summary of changing 
ideas on the ways in which these bodies 
were formed, a global description of the 
surfaces and atmospheres, a review of pro- 
cesses modifying planetary surfaces 
(impact by meteoroids and asteroids, mass 
movement under gravity and, where 
appropriate, wind erosion and fluvial 
action), and a survey of the volcanic and 
tectonic processes which renew planetary 
crusts The next three chapters are explicit 
attempts to synthesize the planetary history 
for each of the Moon, Mercury and Mars 
Finally, emphasis returns again to com- 
parisons, with a review of those processes 
which appear to have influenced all of the 
inner planets to varying degrees — impact 
modification of the earliest-forming crust, 
magmatic and tectonic evolution of the 
interior and, on the planets with 
atmospheres, climatic change 

Each chapter ends with a well-chosen list 
of books and papers for further reading, 
and an excellent guide to sources of planet- 
ary photography 1s included as an appendix 
before the index Farthlike Planets 1s 
probably the best general introduction to 
planetology available at the moment and 
will find a place ın undergraduate courses 
at all levels It 1s equally suitable as a 
Starting point for a postgraduate student 
entering the planetary science field oO 





L Wuson is a Lecturer in the Environmental 
Sciences Department at Lancaster University 
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Tectonics as theory, tectonics as history 


B.C. Burchfiel 


Geology of the Continental Margins ByG 
Boillot Pp115 1SBN 0-582-30036-3 

(Longman 1981) £495, $11 95 

Geotectonics By V V Beloussov Pp 330 
ISBN 0-387-09173-4 (Springer-Verlag 

1980) DM48, $2840 Tectonics and 
Landforms By Chiff Olier Pp 324 Hbk 
ISBN 0-582-30032-0, pbk ISBN 0-582- 
30033-9 (Longman 1981 ) Hbk £20, $55, 
pbk £9 95, $24 





WITH our rapidly increasing understanding 
of global tectonics, books published on the 
subject are commonly outdated within a 
few years of publication Two of the books 
reviewed here (Geology of Continental 
Margins and Geotectonics) are translations 
of previously published works, which 
orginally appeared several years ago and 






contain material which 1s already 
somewhat out of date Tectonics and 
Landforms, ın contrast, promises an inter- 
esting approach and im some instances 
makes excellent use of recent tectonic 
concepts and their relationship to geomor- 
phology However, books on such broad 
topics often cannot adequately cover each 
subject within their scope, and this one Is 
no exception 

Geology of Continental Margins 1s 2 
translation of a book first published m 
French ın 1978 No subject in the earth 
sciences has evolved more rapidly ın the 
past five years, which renders the book 
introductory at best and outdated at worst 
While some of the material presented 1s still 
generally valid, recently developed details 
of continental margin evolution, particu- 
larly passive margin evolution, are 
obviously missing 

Instead of focusing on the great wealth 
of information which now exists about the 
geology of the continental margins of the 
world, the book concentrates on plate 
tectonic models of continental margins and 
presents little real data, if readers are 
looking for factual information on par- 
ticular continental margins, they won’t 
find 1t in this book I was also surprised to 
find lengthy discussions of subduction, the 
deep seismic structure of subduction zones, 


paired metamorphic belts, geosynclines 
and collisional tectonics 

Although advertisements for the book 
suggest that some updating has been done 
for the English edition, ıt seems to have 
been minor Some articles published in 
1979 have been added to the ‘‘further 
reading’’ section, but httle new data 
appears in the written part of the text In 
my view this 1s a model-orientated, highly 
simplified presentation of continental 
margins The emphasis ıs on the plate 
tectonic development of continental 
margins, rather than on what they are 
really like 

Geotectonics 1s a shghtly-updated trans- 
lation of a book pubhshed ın Russian in 
1976 Some of the data presented were pub- 
lished as recently as 1978 Even so, the 
book presents a view of the geotectonics of 
the Earth ın the well-known and unique 
conceptual framework developed by 
Beloussov himself In the preface it 1s 
suggested that the reader should be familiar 
with the principles of tectonophysics 
developed in Beloussov’s Structural 
Geology (published in 1978, in French) I 
think this would be advisable, as much of 
‘the terminology and some of the concep- 
tual ideas in this work need such a back- 
ground 

Most of the geological examples and 
figures presented are either from older 
works — 1960s or earlier — or are 
Beloussov’s reinterpretations of work by 
other scientists The examples cited, as well 
as those not presented for the same area, 
were apparently selected to develop the 
author’s particular view of geotectonics 
Vertical movement of material ın the crust, 
mantle and core remain the dominant 
principle of Beloussov’s view of the evo- 
lution of the Earth, horizontal movements 
of rocks are considered to be of limited 
importance Basification of continental 
crust leads to the formation of ocean crust 
These and other concepts developed by the 
author are generally not acceptable to 
many of us, but deserve publication If we 
cannot explain more adequately the geo- 
tectonic evolution of the Earth, and do not 
continue to test all reasonable hypotheses, 
earth science will stagnate 

Except fora five-page discussion of plate 
tectonics near the end of the book and 
another seven pages of critique, the book ts 
all Beloussovian tectonics and will be of 
interest to only avid scientists interested in 
the subject 

The purpose of Tectonics and Land- 
forms 1s to relate tectonics and structure to 
landforms on a scale which ranges from 
continents and oceans to local surficial 
features Thisis truly an admirable purpose 
and potentially very exciting and inter- 
esting With such a broad purpose but 
abbreviated length, the presentation has 
some successes, but imevitably some 
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subjects are treated superficially Much of 
Olher’s presentation focuses on large-scale 
tectonics, developing the concepts of plate 
tectomcs and its resultant geomorphic 
features From this basis, a great variety of 
subjects, such as flow of ice and rock, 
planation surfaces and drainage patterns 
are covered ın very short sections Not only 
are modern concepts developed in the 
book, but reviews of older, historical, and 
in many cases obsolete, theories are also 
presented 

I was particularly pleased to see that 
many of the pioneering ideas on tectonics 
by S W Carey are discussed, but I doubt 
whether a chapter on the expanding Earth 
was necessary, particularly when most of 
the book is devoted to the development of 
plate tectomics In several places the author 
gives plate tectonic explanations for 
various features followed by a disclaimer 
that other explanations which are 
incompatible with plate tectonics, such as 
mterpretations based on expanding Earth 
models, should not be discounted 

Tectonics and Landforms is well written, 
well organized and well illustrated 
Although the author clams to aim at senior 
undergraduates, in my opinion the book 1s 
too superficial for students at that level 
Rather, it would be better suited to an 
introductory audience, but even then 
offers a rather uneven overview of a great 
vanety of earth science subjects O 





BC Burchfiel is a Professor in the Department 
of Earth and Planetary Sciences at the 
Massachusetts Institute of Technology 


Crystal growth 
R.A. Howie 


Crystallography An Introduction for 
Earth Science (and Other Solid State) 
Students By EJ W Whittaker Pp 254 
Hbk ISBN 0-08-023805-X, pbk ISBN 
C-08-023804-1 (Pergamon 1981) Hbk 
£13 50, $32 50, pbk £8 35, $1995 
Mineralogy for Students, 2nd Edn By 
MH Battey Pp 355 ISBN 0-582-44005- 
X (Longman 1981 ) £8 95, $19 95 





Crystallography is presented ın two evenly- 
divided parts the first deals with 
morphological crystallography, symmetry 
and systems, stereographic projections, 
and derivation of symmetry and forms in 
all 32 crystal classes, while Part II covers 
the fundamental features of X-ray crys- 
tallography, the 14 Bravais lattices, the 
interpretation of powder photographs, 
X-ray diffraction by single crystals and 
symmetry in repeating patterns Part I thus 
somewhat overlaps in coverage with An 
Introduction to Crystallography (4th Edn, 
Longman, 1971) by FC Phillips and 
AC Bishop’s An Outline of Crystal 
Morphology (Hutchinson, 1967) though, 
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like the former, 1t aims to be of use not only 
to geologists and mineralogists but to other 
students of the solid state 

Although both of these older texts (and 
Mineralogy for Students) give relatively 
brief treatment to X-ray crystallography, 
Part II of Whittaker’s book covers this 
expanding field ın considerable detail and 
develops a number of novel features m 
response to the difficulties and attitudes of 
students who are unlikely to havea primary 
interest in morphological crystallography 
There are brief but useful chapters on 
electron diffraction, the determination of 
crystal structures and on irregularities in 
crystals (though here twinning 1s touched 
on rather too bnefly whether or not we 
understand why and how twins form they 
are frequently to be seen under the 
microscope and may be of considerable 
relevance) The book concludes with a 
brief essay on the relationship between 
morphology and crystal structure 
Altogether this elegant text should be a 
worthy successor to that of F C Phillips 
As Whittaker states in his introduction, 
mineralogy 1s merely the first branch of 
solid state science to be developed, and 
structural crystallography is equally 
relevant to all students of the solid state 

The format and most of the text of the 
new edition of Mineralogy for Students are 
identical with that of the first The only 
fresh feature 1s the inclusion of a new Series 
of optical orientation diagrams for most of 
the common rock-forming minerals, but 
whether this justifies the whole work being 
labelled as a second edition 1s, In my 
opinion, doubtful Nevertheless this was a 
useful, well-written text when it first 
appeared ın 1972 and ıs improved by the 
additional diagrams — though ıt 1s a pity 
that these are not presented at the 
appropriate places in the section on 
descriptive mineralogy 

The book has some things in common 
with Crystallography in that it deals with 
the principles of crystal structure, crystal 
morphology and X-ray diffraction ın some 
85 pages, a reasonable proportion for an 
elementary mineralogy course It has the 
advantage for students of including both 
the principles and methods in Part I 
(comprising just under half of the book) 
and descriptions of minerals in Part Il, 
compared, for example, with the rather 
more detailed descriptive mineralogy (but 
without any descriptions of techniques) 
provided by Deer, Howie and Zussman’s 
An Introduction to the Rock-Forming 
Minerals (Longman, 1966) Dr Battey’s 
text 1s well illustrated and presented, 
though surely the formula of chloritoid 
could be given ın a rather simpler fashion 
than one involving four consecutive 
brackets, the book will nevertheless 
continue to be deservedly popular with 
students 





RA Howie is Professor of Mineralogy at 
King’s College, Untversity of London, and 
Principal Editor of Mineralogical Abstracts 
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Mixed sediments 
R.C. Selley 


Sedimentary Petrology An Introduction 
By ME Tucker Pp 252 ISBN 0-632- 
00074-0 (Blackwell Scientific/Halsted 
1981 ) £8 50, $2495 Sedimentology of 
Shale Study Guide and Reference Source 
By PaulE Potter, J Barry Maynard and 
Wayne A Pryor Pp 303 ISBN 0-387- 
90430-1 (Springer-Verlag 1980 } 
DMS59 90, $32 80 Depositional 
Sedimentary Environments With 
Reference to Terrigenous Clastics, 2nd 
Edn By H -E Reineck and IB Singh 
Pp 549 ISBN 0-387-10189-6 (Springer- 
Verlag 1981 ) DM59, $34 90 


THE three books considered in this review 


all deal with the study of sedimentary rocks 
but differ widely in subject area, level of 
assumed knowledge and approach 

Tucker’s Sedimentary Petrology 1s an 
excellent textbook for second-year geology 
students An introduction 1s followed by 
chapters dealing with sandstones, shales, 
carbonates, evaporites, 1ronstones, 
phosphates, coal, chert and volcaniclastic 
sediments, each concluding with a selective 
reading list There are many clear line 
drawings and photographs, though some 
of the latter have suffered from over- 
reduction 

The chapter on sandstones (con- 
glomerates and breccias) also briefly 
describes sedimentary structures and 
processes, the textural properties of grains 
and sediments, and the concept of facies 
That on limestones (including dolomites) 
deals adequately with the complex genesis 
of the various carbonate grains and 
presents a synthesis of the horrors of 
carbonate diagenesis 

These two chapters meke up nearly half 
of the volume and it 1s by them that the 
work as a whole will be largely judged 
Basically they are excellent introductions 
which lay the foundation for later, more 
advanced study Even the concept of 
porosity 1s introduced, and there are short 
sections on the porosity of sandstones and 
carbonates 

The book as a whole ıs most nearly 
comparable with Greensmith’s Petrology 
of the Sedimentary Rocks (Thomas 
Murby, 1975) Both deal with sedimentary 
rocks largely from the microscopic as 
opposed to the megascopic aspects 
Tucker’s book, however, lacks a chapter 
on weathering so students may not be too 
clear on where on Earth all this sediment 
actually comes from 

Sedimentology of Shele ıs a very 
different book Until recent years, shale 
had long played Cinderella to the ugly 
sisters of sandstone and limestone The 
advent of modern analytical techniques, 
however, coupled with the quest for oil 
shales and oil source rocks, has stimulated 
interest ın the mud rocks The book ıs 
subtitled Study Guide and Reference 
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New Text Books from 


An Introduction'to Atomic 
Absorption Spectrometry: ` 
A'Self-Teaching Approach 

L. Ebdon, Plymouth Polytechnic, 
UK. 


Based on the author’s well-validated 
teaching programme, this self-study 
text will equip the newcomer with 
a thorough theoretical and practical 
understanding of the technique 
Self-assessment questions and rev- 
sion exercises are provided, key- 
words are highlighted throughout, 
and numerous instructional dia- 
grams Illustrate the theory 

ISBN 0 85501 7147 138pp 1982 
Softcover £900 $1950 DM43 00 






































The Structure and Properties 
of Solids:. An Introduction to 
_ Materials Science , 


Bruce Chalmers, Harvard University, . 
USA l i : 


A clear introduction, using non- 
mathematical terms, to the funda- 
mental themes of matertals science 
The book describes thecharacteristic 
structures of the four major classes 
of man-made materials - ceramics, 
metals, polymers, and semiconduc- 
tors - in terms of the role played by 
electrons in bonding atoms together § 
a to form solids 

ISBN 0 85501 721 X 1982 
Casebound £9 00 $19 50 DM43 00 


introduction to Electronic 
Control Engineering - 
F. Frohr and F. Orttenburger 


| Only a basic knowledge of mathe- 
matics ıs required to understand 
this excellent introductory hand- 
book 

ISBN 0 85501 2900 344pp 1981 
Casebound £18 00 $39 00 DM85 00 


A Ssemens/Heyden Co—Publication § 






Practical Reliability 
- Engineering 
© P.D.T. O'Connor, British Aerospace 
UK i 
a most comprehensive 
review of the state-of-the-art in 
reliability “ 

Microelectronics and Reliability 
ISBN 0 85501 496 300pp 1982 
Casebound £16 00$35 00 DM76 00 
Fully detailed prospectus available 
on request 
Heyden & Son Ltd, Spectrum House, § 
Hillview Gardens, London NW4 2)Q, 
England Tel 01-203 5171 
Heyden & Son Inc , 247 South 41st St, $ 


Philadelphia, PA 19104, USA 
Tel (215) 382 6673 
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Source This must be noted for the work is 
unconventional in format It contains but 
three chapters ‘‘Overview’’, ‘‘Question 
Set” (sic) and ‘‘Annotated and Illustrated 
Bibliography’? Chapter 1 covers the 
mineralogy and chemustry of clays, but 
ranges widely from Bouma sequences to 
ichnofacies The second deals with 
methods for analysing shales, ranging from 
descriptions of the measurement of a 
section to the reflectance of phytoclasts 
Fifteen colour photomicrographs illustrate 
various shale microfacies 

It 1s the third chapter that 1s un- 
conventional This takes up over half ofthe 
book and consists of an annotated and 
Illustrated reference list It 1s divided into 
sections with headings ranging from 
‘*Books, Classics and Classification’’ to 
“Shales as Hosts for Metallic Minerals’’ 
and ‘Environmental and Engineering 
Geology” Within each section the authors 
have arranged alphabetically references 
which they deem to be significant 

A sentence or, at the most, a paragraph 
explains the relevance of each reference, 
and key illustrations are reproduced from 
the original papers This ıs a novel and 


painless way of ‘‘writing’’? a book There 
may be some customer resistance to buying 
a volume which 1s largely an annotated 
bibliography — many geologists may 
prefer to use GeoA bstracts or a computer- 
based literature retrieval system For those 
who do not, Sedimentology of Shale will 
prove to be an essential source book, 
pity, though, that with three authors 
**desiccation’’ 1s misspelt throughout 

Of Reineck and Singh’s Depositional 
Sedimentary Environments there ıs far less 
to say The first edition appeared in 1973 
and rapidly became established as the 
definitive work on recent terrigenous 
sedimentary processes, structures and 
environments The standard of the second 
edition ensures that ıt will maintain this 
position A major re-write has not been 
attempted, but the book has been updated 
throughout and sections have been added 
to each chapter on ancient environments 
Nonetheless, the main emphasis of the 
book remains on recent terrigenous 
sediments O 





RC Selley is Reader in Petroleum Geology at 
Imperial College, University of London 


From the abyss to the lecture theatre 


Peter J. Smith 


Marine Geology By James P Kennett 
Pp 813 ISBN 0-13-556936-2 (Prentice- 
Hall 1982 ) $34 95, £26 20 


No DISRESPECT to Professor Kennett, but 
in one sense this huge volume 1s alarming 
For only three decades ago hardly any of ıt 
could have been written Only during the 
past 20 years or so has the vaguely 
peripheral topic of marine geology moved 
to centre stage as Marine Geology — and 
with such vengeance that it 1s now possible 
for Kennett to write a textbook of an 
astonishing 813 pages at the comparatively 
lowly undergraduate—early-graduate level 

What made the rise of marine geology 
possible was the development of the 
appropriate exploration techniques, but 
what has made ıt matter 1s the discovery of 
the oceanic lithosphere’s central role in the 
plate tectonics story and the consequent 
realization that the ocean floor’s evolution 
1s altogether more complex and interesting 
than that of a passive sedimentary dumping 
ground of great antiquity Holism ıs the 
keyword here, and despite the need to 
become expert ın a bewildering variety of 
subdisciplines, Kennett 1s wise enough not 
to allow his presentation to disintegrate 
into its constituent elements 

Of course, the parts are important, and 
in a teaching text ıt 1s essential that they be 
dealt with ın some detail Thus well over 
half of the volume 1s devoted to the basics 
of ocean morphology, marine stratigraphy 
and correlation, the current plate tectonic 
framework, crustal structure, sea-level 


changes, ocean margin processes, 
sediments and their microfossil loads, and 
so on The extended climax of the book, 
however, is a long three-chapter section on 
palaeoceanography — a splendid synthesis 
of almost everything we know, or think we 
know, about how the ocean system has 
evolved 

This is the first major textbook on 
marine geology to appear since the plate 
tectonics revolution, although others are in 
progress in what could turn out to be a 
small publishing growth area during the 
1980s Because so much of the matenial 1s 
new and far from all of ıt has become part 
of the consensus, the book 1s necessarily 
referenced to an extent that under- 
graduates will find unusual, and perhaps 
even distracting, but graduates will find 
helpful On the whole, Kennett has 
achieved a reasonable compromise 
between the need to attribute and the desire 
to find a lucid instructional style The book 
1s clearly intended chiefly for advanced 
undergraduates in the marine geology 
courses now springing up in the more 
forward-looking universities and colleges, 
but in view of the subject’s crucial 
importance to all geology, it will prove 
mdispensable to earth scientists at much 
higher levels and of all persuasions 
Potential competitors will be hard pressed 
to improve onit 0O 





Peter J Smith ts Reader in the Department of 
Earth Sciences at the Open University, Milton 
Keynes, and editor of Open Earth 


Soils: their genesis 
and physics 
David Rimmer & Michael Adey 


The Soil Resource Origin and Behavior 


By Hans Jenny Pp 377 ISBN 0-387- 
90453-X (Springer-Verlag 1981 ) DM57, 
$33 70 Fundamentals of Soil Physics By 
Daniel Hillel Pp 430 ISBN 0-12-348560-6 
(Academic 1980) $40, £2640 Appli- 
cations of Soil Physics By Daniel Hillel 
Pp.385 ISBN 0-12-348580-0 (Academic 
1980 ) $40, £26 40 


IT 1s now 40 years since the publication of 
Hans Jenny’s classic monograph Factors 
of Soil Formation (McGraw-Hill, 1941), a 
book which provided the framework for 
much subsequent work ın soil genesis Now 
in his eighties, Jenny has written what 
amounts to a sequel to that earlier work In 
it he develops his ideas into a broader, eco- 
logical view, describing how, by analysis of 
the ‘‘state factors’’, either whole eco- 
systems or their separate components — 
vegetation, animals and soil — evolve with 
time and vary from place to place This 
treatment occupies the second half of the 
book and 1s preceded by a consideration of 
the processes of soil genesis (water balance, 
10n exchange, clay formation, for 
example) 

Jenny draws many of his examples from 
his own work and that of his students and 
colleagues His use of the English language 
1s unconventional, for example, he talks of 
“swarms” of ions around particles, 
**particle bondage with humus’’ and words 
like ‘‘porositors’’ and ‘‘depauperizes’’ 
appear In addition the editors have 
purposely retained many of the original 
drawings which he made for the diagrams 
and figures, in order ‘‘to carry through the 
artistic touch’’ So what one gets overall is 
a very personal, even idiosyncratic, view of 
the soil resource Although written in a 
textbook style, and in part intended for 
students, one would not recommend this as 
an undergraduate text However the 
second part of the book particularly will be 
of interest to the many soil scientists who 
have been influenced, directly or indirect- 
ly, by the ideas of Hans Jenny 

In recent years a number of texts on soil 
physics have been published, rectifying the 
absence of much choice which had existed 
for some time Fundamentals of Soil 
Physics together with its companion 
volume Applications of Soil Physics 
further extends the range of material in a 
most comprehensive way Whilst each 1s a 
separate, self-contained volume, the latter 
does draw on the former and assumes an 
appreciation of the basic principles of soul 
physics Together they cover the broad 
range of soil physics, providing a welcome 
integration of basic principles and practical 
applications 

Fundamentals treats the basic static 
and dynamic properties of the solid, liquid 
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and gaseous phases ın turn After an intro- 
duction to the general physical character- 
istics of soils and basic properties of water, 
the solid phase of soul ıs studied through a 
consideration of particle size distributions 
and specific surface areas, the properties 
of clays, and structure and aggregation 
The concept of soil water potential 1s care- 
fully developed and used ın a consideration 
of both saturated and unsaturated 
hydraulic conductivity and the movement 
of solutes The roles of diffusion and 
respiratory activity in determining the 
composition of the soil atmosphere are 
considered and this leads naturally to a 
chapter on heat flow and temperature 
Finally, soil strength, consistency and 
compaction are discussed 

The author introduces essential physics 
where appropriate and 1s thorough without 
being overly mathematical Thus care has 
been taken to use both one- and three- 
dimensional forms of flow equations 
Developments of theoretical aspects des- 
cribing basic processes are complemented 
by discussion of both laboratory and field 
methods of measuring important para- 
meters Except, perhaps, for the lack of 
any coverage of the soul—plant—atmosphere 
continuum and erosion, this text alone 
should cover most undergraduate courses 

Applications continues the dis- 
cussion, paying particular attention to the 
management of the soil environment and 
the field-water cycle Thus infiltration, 
drainage, irrigation, evaporation and soil 
moisture uptake by plants are considered, 
drawing on the basic principles introduced 
in the companion volume These themes 
are elaborated in a second section 
consisting of five chapters by invited 
authors who cover further aspects of the 
field-water cycle and the problems of 
studying soil heterogeneity These contri- 
butions dovetail well with the earlier 
section and give a useful insight into some 
of the more advanced realms of soll 
physics 

These two books provide a modern, 
clear and concise introduction to soil 
physics They are international in style and 
content, drawing examples from a wide 
range of situations Unfortunately the cgs 
system of units 1s used, though the metric 
equivalents are often given (however, the 
Pascal 1s not introduced when considering 
soil water potential) Whilst the texts do 
mtroduce an appreciable amount of 
mathematics, they should not prove too 
difficult for the careful student and under- 
standing 1s aided by the excellent sample 
problems at the end of each chapter Over 
400 references (up to 1980) are given at the 
end of each volume, and provide a good 
starting point for further work 

Together, the two volumes represent an 
admirable textbook for undergraduates 
They should certainly be 1n every library 
covering soil science Q 


David Rimmer and Michael Adey are Lecturers 
in the Department of Soil Science at the Uni- 
versity of Newcastle upon Tyne 
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Dirty work at the crossroads? 


M.J. Kirkby 


Sous and Landforms An Integration of 
Geomorphology and Pedology By A J 
Gerrard Pp 219 Hbk ISBN 0-04- 
551048-2, pbk ISBN 0-04-551049-0 
(George Allen & Unwin 1981 ) Hbk £15, 
$35, pbk £7 95, $16 95 


SOIL science and geomorphology have 
borrowed from one another throughout 
their joint histories and, as with other 
disciplines, the relationship has been very 
fruitful Areas of mutual interaction have, 
however, largely relied on the static 
properties of soil or sediment, while 
understanding of process dynamics has 
followed rather divergent paths ın the two 
disciplines Pedologists have tended to 
concentrate on the chemistry, physics and 
biology of the soil, mainly at a micro-scale, 
while geomorphologists have attempted to 
understand sediment and solute transfers, 
generally at a macroscopic to world-wide 
scale 

One very important area of common 
ground has, I think, been surprisingly 
neglected At its simplest, ıt springs from 
the obvious fact that contemporary souls 
are the very materials which are moved 
downhill by current landform processes It 
follows that the physical and chemical 
processes by which landforms and soils 
evolve are substantially identical To 
develop this theme — and there are signs 
that ıt ıs being increasingly developed — 
there 1s an urgent need to collate existing 
concepts and data, to translate concepts 
between the two disciplines, and to re-think 
many of our approaches ın a new idiom 

John Gerrard’s book makes a 
worthwhile contribution to the first of 
these three aims, by bringing together work 
on soul formation, on soil movement and 
removal, on hillside hydrology and on the 
catena concept which must be central to 
any integrative work In reviewing this 
material there 1s however little evidence of 
fresh insights or of the author’s own 
syntheses, so that little headway 1s made ın 
translating concepts or adding to them 

About half of the book then proceeds to 
consider soils on the basis of the landforms 
on which they are formed, including souls 
on erosion surfaces, flood and coastal 
plains, and glacial deposits In this section, 
there is the focus on landforms which might 





be expected from the title, but not enough 
emphasis on the links with solution and 
other geomorphological processes The 
final chapter, ‘‘A Pedogeomorphic 
Synthesis’’, 1s very brief and summarizes 
the general timidity ın approaching any 
conceptual development With other 
recent books, such as R V Ruhe’s 
Geomorphology (Houghton Mifflin, 1975) 
andP W Birkeland’s Pedology, Weather- 
ing and Geomorphological Research 
(Oxford University Press, 1974), it will 
nonetheless be of help to those wishing to 
begin work on a topic which 1s, and should 
be, rıpe for consıderable development O 


M J Kırkby ıs Professor of Physical Geography 
at The University of Leeds 


Back to the land 
D.L. Dineley 


The Stratigraphy of the British Isles, 2nd 
Edn By DorothyH Rayner Pp 460 Hbk 
ISBN 0-521-23452-2, pbk ISBN 0- 
521-29961-6 (Cambridge University Press 
1981 ) Hbk £32 50, $59 50, pbk £12 50 
The Structure of the British Isles, 2nd Edn 
By JGC Anderson and TR Owen 
Pp 251 Hbk ISBN 0-08-023998-6, pbk 
ISBN 0-08-023997-8 (Pergamon 1980 ) 
Hbk £13 75, $32, pbk £595, $14 50 
Methods in Field Geology By Frank 
Moseley Pp 211 Hbk ISBN 0-7167- 
1293-8, pbk ISBN 0-7167-1294-6 (W H 
Freeman 1981 ) Hbk $29 95, £12 95, pbk 
£6 95, $14 95 


Goop ‘‘standard’’ geological texts 
abound, trying to revise them to keep 
abreast of new facts and ideas 1s a daunting 
task for any author In this trio, the 
stratigraphy and structure of the British 
Isles are described 1n two second editions, 
while the third text shows how basic field 
studies may be carried out Whilst the 
influence of new hypotheses upon the 
Rayner and the Anderson and Owen books 
1s rather small, Moseley’s book 1s another 
matter altogether, new ideas have their 
place there, and ın style and content it 1s 
very welcome 

Since the first edition of Rayner 
appeared in 1967, the impact of plate 
tectonic theory upon stratigraphy has 
prompted intriguing new scenarios 
explaining the geological evolution of the 
British Isles and western Europe Dynamic 
stratigraphy has replaced the classical 
‘‘static’’ listing of strata, attention has 
swung to the relationships between sedi- 
mentation, igneous activity and tectonism 
The first edition was a clear account of the 
strata found ın these islands The second 1s 
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equally elegant and there 1s reference to 
plate tectonic influence upon palaeo- 
geography and the stratigraphic record 
Such references are, however, so restrained 
as to seem reluctant Perhaps because we 
now have so many working hypotheses ın 
this area, Dr Rayner has deliberately 
avoided them and has confined herself to 
making few changes to her previous 
account The individual stratigraphic trees 
have not lost their identity ın the collective 
crustal evolutionary wood The diagrams 
are clear and good — many more of the 
same standard would have been welcome 

The teaching of stratigraphy now 
involves emphasis upon correlation and 
interrelationships of many different kinds 
of phenomena, essential ın all of this ıs the 
use of fossils Without palaeontology 
stratigraphy will fail, and the reference to 
biostratigraphy ın this text remains far too 
meagre Lists of strata commonly are as 
short of meaning as are lists of fossils to 
most students, but 1t ought not to be so — 
here is a missed opportunity to remedy the 
one substantial criticism that I had of the 
original edition All ın all, however, the 
book ıs adequate for the undergraduate 
“who may have only a general acquam- 
tance with the broad principles of 
geology” 

Structural geology has made some sıgn1- 
ficant strides since the first edition of 
Anderson and Owen’s book was published 
in 1968, and not only ın the field of plate 
tectonics Ideas about the formation of 
sedimentary basins and about both shallow 
and deep geological structures in Britain 
are changing and debate 1s lively This text 
has not gone as far as might have been 
expected ın presenting new ideas and inte- 
grating them with previous knowledge It 
remains an orthodox description of struc- 
tural units, one by one, grouped as 
Precambnan, Caledonian, Hercynian and 
Alpime terrains, Tertiary igneous terrain 
and with a chapter on ‘“The Seas around 
Britain” (an unfortunate and inaccurate 
title} that contains material that should 
have been integrated into the preceding 
chapters The geographical distinction 
between structures on land and those on 
the submerged continental shelf is, to an 
increasing extent, untenable 

Chapters 2 and 3 deal with the tectonic 
evolution of the British Isles A simpler 
outline of palaeogeographical changes 
might have served better at this stage, with 
a fuller, more decidedly plate-tectonic- 
orientated discussion at the end of the 
book The style of this volume 1s very dry, 
the illustrations are generally poor and 
many are very poor indeed The authors 
advise that the book should be read with 
the aid of the appropriate geological maps 
published by the Institute of Geological 
Sciences, but there are very few pointers in 
the text as to which maps should be 
consulted regarding specific features or 
terrain The list of references 1s extensive, 
but the standard bibliographical 
abbreviations are not used and several 
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entries are inaccurate The printing, direct 
from authors’ typescript, the errata and the 
poor diagrams give the book the air of 
having been compiled ın a great hurry One 
would have expected better 

A book to turn students’ attention and 
interest towards how (a local) stratigraphy 
or structure 1s discovered, examined and 
recorded seems doubly welcome in the con- 
text of what has been said above Hail, 
then, Moseley’s students’ manual of field 
geology! Principles of geological mapping 
are nicely stated and readable case histories 
are provided to illustrate them The latter 
cover diverse terrains, from Greenland’s 
icy mountains to the seared wastes of 
Oman, with Cumbria, Andalusia and even 
a Quaternary torment in between Igneous, 


Geological classics 
K.G. Cox 


Basalts and Phase Diagrams An Intro- 
duction to the Quantitative Use of Phase 
Diagrams in Igneous Petrology ByS A 
Morse Pp 493 ISBN 0-387-90477-8 
(Springer-Verlag 1981 ) DM62, $36 60 


IN THE teaching of igneous petrology the 
study of phase diagrams for compo- 
sitionally-simple synthetic systems 
occupies an honourable niche similar to 
that of Latin in the arts subjects It 1s 
thought to be good for the soul, though the 
precise benefits are sometimes difficult to 
define 

Professor Morse’s book 1s probably the 
most comprehensive survey available for 
all those systems which are relevant to the 
study of natural igneous rocks, particularly 
though not exclusively, basalts Itis written 
with clarity, humour and a loving attention 
to detail The diligent reader, under- 
graduate or postgraduate, will acquire a 
good feel for the way igneous processes 
work, by absorbing the many, but 
inevitably rather diffuse, parallels between 
synthetic and natural systems Our old 
friends such as Ab~An—D1, Fo-Di—S10,, 
the ternary feldspars and many more, are 
dealt with in detail, and there are good 
sections on the effects of volatiles and the 
interpretation of layered intrusions On the 
level of simple, every-day problems of how 
magmas crystallize, fractionate or 
originate by partial melting, this is an 
excellent book 

I am less happy when the author 
becomes involved with more major issues 
of basalt genesis The decision to restrict 
discussion to synthetic systems means that 
problems arising from work on natural 
materials (basalts and peridotites), and no 
less from geochemistry and field studies, 
cannot be adequately dealt with In itself 
this might be acceptable — any author has 
to decide what to leave out — were it not 
for the misleading nature of some of the 
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metamorphic, sedimentary and surficial 
geological examples are treated with just 
about the right level of technicality and with 
commendable care. The book shows how 
aerial photographs, field survey and data 
logging of many kinds are pressed into 
map-making Abundant and generally’ 
excellent illustrations complement the text 
very well 

This 1s an attractive book and something 
of a bargain, especially since ıt seems to 
capture the essence and spirit of geological 
exploration Congratulations to author 
and publisher for a brave new book 0O 


DL Diıneley is Chaning Wills Professor of 
Geology and Head of the Department of 
Geology in the University of Bristol 


comments which do appear I doubt, for 
example, if many petrologists really would 
agree that ‘‘the heart of the basalt problem 
hes in the eruption, often from the same 
vent, of tholeutic basalts at one time and 
alkali basalts at another time’’ (p 2), 
though they might have 1n the mid-1960s. 
Other examples, which are consistent with 
this rather dated viewpoint are numerous, 
and constitute something of a hazard to the 
incautious reader Nevertheless, as a book 
on phase diagrams this 1s first rate — ıt 1s 
only the basalts which should be taken with 
a pinch of salt O 


KG Cox is a Lecturer in Petrology at th 
University of Oxford j 


Plants of the past... 
Keith Allen 


Paleobotany. An Introduction to Fossil 
Plant Biology By Thomas N Taylor 
Pp 589 ISBN 0-07-062954-4 (McGraw- 
Hill 1981 ) $41 25, £22 95 


I HAVE awaited this publication with much 
interest, because it 1s the first general 
palaeobotany textbook to be written ın the 
English language for almost 20 years 
During that time, new discoveries, new 
interpretations and a much wider use of 
both stereoscan and transmission electron 
microscopes have greatly increased 
knowledge of fossil plant morphology and 
anatomy Interest in the origins of plant 
life, the earliest land plants, the evolution 
of flowering plants, fossil fuels and the 
palynological correlation of strata has 
sparked an awareness of palaeobotany 
which now reaches far beyond university 
botany departments 

In writing a palaeobotany textbook, one 
must choose either to make it very 
botanical, giving comprehensive 
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taxonomic coverage throughout the plant 
kingdom, or to aim for a wider audience, 
especially amongst geologists, by reducing 
the morphological information and 
including details of floras, palaeogeo- 
graphy, palaeochimatology, fossil fuels and 
palynology Like most earlier authors, 
Taylor has chosen the former course 

This 1s a scholarly, well-researched text- 
book, bringing the reader right up to date 
on plant groups, from bacteria and fungi 
through to angiosperms There are also 





chapters on methods of preservation and 
techniques for studying fossil plants, on 
Precambrian biology and a particularly 
good one on origins and evolution of the 
seed habit Taylor’s own research interests 
are reflected in a fuller treatment of the 
Pteridosperms, though all groups are 
adequately covered In the angiosperm 
chapter, he has wisely forsaken the 
taxonomic approach and dealt more 
broadly with selected topics, including the 
possibility of pre-Cretaceous angiosperms 
The bibliography, usefully listed by 
chapter, contains over 1,000 references 

Taylor’s research papers are always 
accompanied by excellentillustrations, and 
he must be aggrieved at the poor pro- 
duction of many of the photographs ın the 
book, some of which are so ghostly that 
they fail to show clearly the details 
intended Also, the positioning of many 
illustrations leaves unnecessary blank areas 
which could usefully have been filled with 
photographs at larger magnification The 
photographs of ‘‘extinct’’ palaeobotanists 
add a nice touch, though I would have liked 
to see Professor Lang ın the Hall of Fame, 
having contributed so much to Devonian 
floras and ın particular to that from the 
Rhynie Chert 

To whom do I recommend this book? 
Clearly all palaeobotanists will find it 
valuable in bringing them up to date on 
groups outside their main fields of interest, 
for this, I find ıt excellent Third-year 
botany students, though perhaps being 
slightly overwhelmed by the number of 
genera included, will find it a most useful 
and readable source of information I 
cannot, however, recommend it with too 
much enthusiasm to geologists, who will 
find the comprehensive morphological 
approach very hard going However, this 
informative textbook replaces many of the 
earlier palaeobotanical books, and should 
be available in all biological libraries O 


Keith Allen is Senior Lecturer in Botany at the 
University of Bristol 


... and the present 
Peter D. Moore 


100 Familes of Flowering Plants By 
Michael Hickey and Clive King Pp 567 
Hbk ISBN 0-521-23283-X, pbk ISBN 
0-521-29891-1 (Cambridge University 
Press 1981 ) Hbk £27 50, $66, pbk £9 95, 
$1995 The Study of Plant Structure 
Principles and Selected Methods By T P 
O’Brien and ME McCully Hbk ISBN 
0-632-00926-8, pbk ISBN 0-632-00927-6 
(Blackwell Scientific 1981 ) Hbk £20, pbk 
£12 


ATTEMPTS are being made to shed the 


Victorian image of botany in many uni- 
versities, sometimes even resulting in 
radical, but rarely fruitful, alterations in 
departmental titles in order to attract more 
students (Plant Science or Plant Biology, 
for example) Courses offered to plant- 
orientated students are also changing 
rapidly, often in the direction of sub- 
cellular studies or, at the whole-organism 
level, towards physiology and ecology 
Subjects which once occupied a substantial 
part of the undergraduate curriculum are 
now becoming neglected, amongsi which 
are classical (structural) taxonomy and 
anatomy 

An unfortunate consequence of this 1s 
that we are spawning a generation of 
ecologists which 1s incapable of defining 
the criteria upon which plants are 
identified ın the field, and of physiologists 
which 1s often sadly deficient in a know- 
ledge of the anatomical structure of the 
plants with which they deal In the long 
term this problem can only be dealt with by 
a reassertion of balance in undergraduate 
training, and the two books under review 
here are designed to encourage the develop- 
ment of such courses 

Hickey and King’s book, as its title 
implies, covers 100 plant families, devoting 
about four pages to each (up to eight pages 
for more complex families such as 
Compositae and Gramineae) For each 
family one 1s given general information 
such as distribution (but no maps), general 
characteristics (most of which are available 
from a good flora), economic or decorative 
uses, and taxonomic subdivision Thus far 
the book ıs comparable to V H 
Heywood’s Flowering Plants of the World 
(Oxford University Press, 1978), but 1s 
more detailed in its coverage of family 
characteristics and rather less so ın dealing 
with uses 

A typical member species of the family 
(or sometimes more than one for families 
with a wide spread of structural variation, 
as in the Rosaceae), chosen jor ease of 
availability for student classes (alternatives 
are suggested), 1s then fully described and 
the descriptions are accompanied by 
detailed line drawings These will provide 
valuable aids to students as they dissect the 
flower and fruit Extensive annotation 1s 
provided on the pages opposite these 








Optima for Animals 


R. McNeill Alexander 


Optimization theory is the 
branch of mathematics 
concerned with finding those 
structures and behaviours that 
are in some sense the best 
possible, and 1s therefore a 
very appropriate tool for 
trying to discover why animals 
have evolved ın particular 
ways 

£5 approx paper 160 pages 
Probable publication April 

















Plant Growth Curves 


A Functional Approach to 
Plant Growth Analysis 


Roderick Hunt 


A review of the theory, 
practice and applications of 
the use of fitted mathematical 
functions ın plant growth 
analysis The approach taken 
is very broad and includes an 
extended coverage of the 
philosophical and scientific 
links between this topic and 
related fields of activity in 
plant science 

£8 50 approx paper 240 pages 
Probable publication April 
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Principles and 
Techniques of 
Practical Biochemistry 
Second Edition 


Edited by Bryan L. Williams 
and Keith Wilson 


Contemporary Biology Series 
This book aims to make 
biology students aware of the 
principles and methodology of 
those analytical techniques 
which are fundamental to the 
development of our 
understanding of cellular and 
subcellular processes The 
second edition has been 
revised to include new 
techniques, 1n particular a new 
chapter on immunochemical 
techniques 

£8 50 paper 336 pages 
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drawings, but a more helpful approach 
would have been achieved by adding labels 
to the diagrams In the seeds of the 
Violaceae, for example, one can talk of 
elaiosomes and their function in dispersal, 
but it would help to have a detailed drawing 
with an appropriate label The diagrams 
are, however, generally well chosen and 
informative, they lack the striking, 
aesthetic appeal and full vegetative detail 
of those ın Heywood’s book, but they 
make up for this in precision and clarity 
This book will become a vital and valued 
tool to those botanists, both amateur and 
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professional, who wish to look more 
closely at the structure of easily available 
flowers i 

O’Brien and McCully’s book 1s also con- 
cerned with observational techniques, but 
is evidently intended both for teaching and 
research It ıs essentially a laboratory 
manual of microscopic, anatomical and 
morphological methods, giving both theo- 
retical background and practical 
instruction It begins from first principles 
of microscopy and has a ‘‘cook-book’”’ 
approach with some very helpful and 
informal marginal comments, such as, ‘‘If 
you cannot budge something with finger 
and thumb before exerting your 
strength, ASK!” Very clearly aimed at the 
undergraduate! This chatty style, 
accompanied by lucid explanations of 
principle and practice should prove very 
helpful, especially ın such areas as phase 
contrast and interference contrast 
microscopy The language used avoids un- 
necessary jargon and has many hints for 
trouble-shooting and image improvement 
Chapters on specimen preparation and 
microphotography for both light and elec- 
tron microscopy are included However, 
the format and sub-heading numbering 
demand serious criticism, what 1s otherwise 
an agreeably usable book ıs given an 
unduly forbidding appearance by a 
complex cross-referencing system and an 
ugly off-set litho production 

Both of these books seek to reach a 
small, and still shrinking market They will 
serve this market well, but whether they 
will succeed ın reversing its slow demise 1s 
questionable O 


BAN 





Peter D Moores Senor Lecturer in the Depart- 
ment of Plant Sciences, King’s College, 
University of London 
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Physiological Plant Ecology, 2nd Edn By 
W Larcher Pp 303 ISBN 0-387-09795-3 
(Springer-Verlag 1980) DM59, $34 90 
Environmental Physiology of Plants By 
A H FitterandR K M Hay Pp 355 Hbk 
ISBN 0-12-257760-4, pbk ISBN 0-12- 
257762-0 (Academıc 1981 ) Hbk £19 60, 
$47 50, pbk £7 95, $19 50 


“PLANT ecophysiology, a discipline within 


plant ecology, is concerned fundamentally 
with the physiology of plants as it 1s 
modified by fluctuating external 
influences’’ (Larcher) ‘‘How do the 
intricate physiological mechanisms which 
have been elucidated over the last 100 years 
by plant physiologists really operate under 
natural conditions?’’ (Fitter and Hay) 
These sentences define the scope of these 
two books and at the same time relegate the 
rest of plant physiology (that which 1s not 
*feco-’’) to the study of plants ın constant 
and perhaps irrelevant conditions 

It is easy to recognize a text in environ- 
mental or eco-physiology by the high 
frequency of the words ‘‘adaptation’’ and 
‘stress’? Counting their occurrences and 
guessing their meanings in different 
contexts ıs a fascinating exercise I suspect 
that to most ecophysiologists adaptation 1s 
that feature of an organism that may be 
explained away as ‘‘a good thing” It 1s, 
then, a comfort that the word carries the 
guesstimate that such properties are the 
result of all-powerful natural selection 
which has sought out the optima! solutions 
to the problems set by nature It then 
remains the task of the ecophysiologist to 
demonstrate just how everything about his 
organisms 1s for the best ın the best of all 
possible worlds 

Stress 1s, of course, a ‘‘bad thing”. 
Sometimes ıt is a nasty stimulus, sometimes 
an uncomfortable response Fitter and 
Hay don’t like the word because ıt lacks the 
precision given to ıt in mechanics — yet, 
use ıt 22 times on one page (Stress 1s not in 
the index, though strain ıs ) To Fitter stress 
appears to be a stimulus, a force imposed 
by the environment, but to his co-author 
the word appears to mean response — a 
state induced ın the organism ‘‘Plant cells 

at a turgor pressure lower than the 

maximum value are said to be suffering 
from Water Stress’’ To Larcher ‘‘stress 1s 
the exposure to extraordinarily unfavour- 
able conditions’? — clearly to him ıt 1s a 
stimulus, not a response and must be 
extreme I also puzzled about Fitter and 
Hay’s phrase ‘‘low light stress”? but 
suppose 17 18 a synonym for ‘‘shadestress’’! 

These two books cover very similar 
ground — the responses of plants to light, 
water, nutrients, temperature (and for 
Fitter anc Hay the effect of animals and 
some microorganisms) Fitter and Hay are 
more interested in cellular and biochemical 
processes than Larcher, who 1s more con- 
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cerned with the whole plant and its contri- 
bution to community processes Fitter and 
Hay include a section on allelopathy in 
which they accept uncritically some very 
dubious evidence 

Both books carry an extensive bibli- 
ography and between them cite more than 
1,500 references, of which only about 50 
are quoted in both Together they give a 
splendid introduction to the literature 
Fitter and Hay’s 1s a very Anglo-American 
text (less than 5% of the references are in 
alien tongues) Larcher’s bibliography 1s 
international, as befits an author who 
advises ‘‘Despite the difficulties ıt ıs worth 
taking the trouble to read original works ın 
that language in which the author can 
express himself most precisely’’ Is this a 
warning to those who are reading his own 
book ın its excellent translation? 

Students could be expected to read and 
enjoy chapters ın Larcher and not become 
too badly infected with teleology and 
Panglossian optimism However, as 
regards Fitter and Hay, I admit toa bias I 
cannot stomach phrases such as ‘‘ res- 
piration has a purpose ee the 
various mechanisms that have been 
adopted to fit the species [sic] to their 
environment”; ‘‘plants appear to use ıt 
[phytochrome] to detect shading’’, 
**species [sic] may need to maximise 
plastic responses to permit offspring to 
colonise a wide range of habitats 3 
must stint my praise for a book that seems 
to present biology as a study of purposeful 
and soothsaying species like football 
managers planning their future goals o 





JL Harper ts Head of the School of Plant 
Biology at the University College of North 
Wales, Bangor 


Renewed growth of 
piants 


James F. Sutcliffe 


Growth and Differentiation in Plants, 3rd 
Edn ByP F WareingandI D J Phillips 
Pp 343 Hbk ISBN 0-08-026351-8, pbk 
ISBN 0-08-026350-X (Pergamon 1981 ) 
Hbk £20, $40, pbk £9, $20 





THIS popular textbook, which was pub- 
lished first in 1970 and reprinted several 
times before the second edition appeared in 
1978, has now had another face-lift Apart 
from a shortening of the title — which does 
not indicate any change in approach — 
there 1s a new format with double-column 
printing on a larger folio size Even the 
flowering shoot of Plumbago indica which 
continues to decorate the front cover 
appears to have had a new lease of life The 
plant has turned green again and several 
new leaves have appeared 
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The increase ın the size of page has made 
it possible to achieve a more pleasing lay- 
out, and despite the use of a larger type- 
face and slight expansion of the text, there 
is a reduction in the number of pages 
Unfortunately the improved appearance of 
the book 1s not enhanced by the photo- 
graphic reproductions, the quality of some 
of which (for example Figs 1 10, 3 4 and 
6 1) seems to have deteriorated pro- 
gressively ın succeeding editions 

The sequence of topics follows closely 
that of the second edition but the chapters 
have now been arranged 1n four sections 
Structural and morphological aspects of 
development (Chapters 1 and 2), internal 
controls in plant development (Chapters 
3-6), environmental control of develop- 
ment (Chapters 7-12), and, molecular and 
general aspects of differentiation (Chapter 
13) Each section 1s prefaced by a short 
introduction and these serve to link the 
book together The reading lists at the end 
of each chapter have been expanded 
considerably by the inclusion of some 
recent reviews and research publications 

However, much of the text remains un- 
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altered and the claim of the publisher that 
the book has been ‘‘extensively re-written”? 
is hardly justified New material has been 
added here and there, particularly ın the 
chapter dealing with the biochemistry of 
growth-regulating substances Despite 
continuing research we are still a long way 
from understanding the mechanism of 
their action In fact, as the authors 
recognize, the picture instead of becoming 
clarified seems to be getting more confused 
— a cause of some embarrassment to those 
of us who attempt to teach this subject to 
biologists 

Librarians who stocked up recently with 
copies of the second edition of this book 
will be relieved to learn that there 1s no great 
need to replace them with the new edition 
Undergraduates who have little choice may 
begrudge the extra cost, but we will go on 
recommending the book to our students as 
the best overall introduction to the 
physiology of plant growth that 1s available 
at present LJ 


James F Sutcliffe is Professor of Plant 
Physiology at the University of Sussex 


Introducing whom to natural products? 


T.W. Goodwin 


Secondary Plant Metabolism By Bran 
Vickery and Margaret L Vickery Pp 335 
Hbk ISBN 0-333-27017-7, pbk ISBN0-333- 
27018-5 (Macmillan Press, London/ 
University Park Press 1981 ) Hbk £25, 
$49 50, £12 


IT 1s important not to criticize a book for 
not being what it was never intended to be 
This 1s made difficult in the present 
instance because neither the authors nor 
the publishers give any hint of the type of 
reader the book ıs aimed at What the book 
clearly is, 1s a full and up-to-date des- 
criptive account at a rather simple level of 
the formation and metabolism of second- 
ary plant products On a shghtly lower level, 
the function, uses, ecological interactions 
and chemosystematic properties are also 
discussed 

After an introductory chapter, which 
considers such topics as the differences 
between secondary and primary meta- 
bolites and how biosynthetic pathways are 
elucidated, the bulk of the book 1s devoted 
to essays on families of compounds which 
arise from basic precursors these are 
sugars and sugar derivatives arising from 
the primary product of photosynthesis, 
considered to be glucose 6-phosphate, the 
various fatty acids produced from the 
acetate—malonate pathway and their 
incorporation into plant lipids and 
glycerides, polyketides from acetate which 
are mainly fungal rather than higher plant 
products, terpenoids derived from 


mevalonate, shikimic acid derivatives, 
compounds synthesized from two different 
fundamental units as exemplified by the 
flavonoids, porphyrins, purines and 
pyrimidines, compounds, including 
alkaloids, which are derived from various 
amino acids A great deal of ground ıs 
covered and one’s way about the con- 
centrated information in the book 1s 
facilitated by three good indexes 

One can make a reasonable guess that 
this book 1s aimed at organic chemistry 
students studying a natural products 
course ın their second year It would bea 
satisfactory basis for such a course but 
probably lecturers would nowadays con- 
centrate more on reaction types and 
reaction mechanisms rather than sumply on 
biogenetic schemes Certainly, stereo- 
chemical aspects would be given more 
prominence than they are afforded in the 
present text The book would be useful to 
biochemists for basic information but not 
as a working text because, as the authors 
state, enzymology — the ultimate key to 
the explanation of all biosynthetic activity 
—isnotincluded In the same way ıt would 
be useful as a source book for botanısts, 
agriculturalists and pharmacists 

This, then, 1s a good introductory book 
on natural products, although there 1s 
difficulty in visualizing exactly which 
academic slot it ıs intended to fill oO 


TW Goodwin ıs Johnston Professor of 
Biochemistry at the University of Liverpool 
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Botany for beginners 
Ralph S. Quatrano 


Biology of Plants, 3rd Edn By Peter H 
Raven, Ray F Evert and Helena Curtis 
Pp 686 ISBN 0-87901-132-7 (Worth 
1981 ) $19 95, £10 50 


ONE OF the most widely adopted textbooks 
for introducing students to the plant sciences 
over the past several years has been Biology 
of Plants by Raven, Evert and Curtis The 
new and much improved third edition of 
this popular text must still be considered as 
one of the best overall books of general 
botany 

Previous editions were clearly aimed at 
beginning courses for majors Such courses 
would form the basis upon which more 
advanced courses, such as morphology, 
physiology and ecology, would build The 
new edition is no exception The depth and 
breadth are still sufficient for majors and ıt 
will be a good source book for any student 
of the biological sciences However, the 
detail 1s not overwhelming and with the 
continual mention of applied and practical 
aspects of plant biology, as well as good 
chapter summaries, appendices for 
chemistry and classification, and a 
complete glossary, makes it a possible 
choice for non-major courses Much of the 
condensing and rewriting in this edition 
have also helped to make ıt an attractive 
choice for a less rigorous introduction to 
botany The length of the text, however, 
may be excessive for such courses, 
especially in view of the availability of 
other shorter, good ‘‘non-major’’ texts 
(see Nature 284, 91, 1980) 

Although the sequence of topics 
presented ın the text may not be followed, 
most botany instructors will find no 
problem ın choosing specific chapters to fit 
their schedule Several changes for the 
better ın the organization of the third 
edition include moving the chapter on the 
chemistry of heredity to the section on 
genetics and evolution, more emphasis on 
the Cyanobacteria, and the treatment of 
the fungi as a group separate from the 
water and slime moulds (Protista) Several 
sections have been condensed (for example 
“Ecology”, ‘‘Genetics and Evolution’’) 
without deleting important concepts, while 
others have been extensively updated and 
revised (for example ‘‘Growth 
Regulators’’, ‘‘Uptake and Transport’’) 

The illustrations and diagrams are clear 
and the inclusion of colour plates for 
angiosperm anatomy ın this edition will be 
helpful to students ın the laboratory The 
book will undoubtedly maintain its high 
ranking and competitiveness with other 
new editions of excellent, popular texts 
such as the sixth edition of Botany by Weier 
etal (Wiley, 1982) g 


Ralph S Quatrano ts Professor of Botany and 
Instructor in General Botany and Biology 
Courses at Oregon State University, Corvallis, 
Oregon 
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Legacy of tradition in plant geography 


Honor C. Prentice 


Historical Plant Geography An 
Introduction By Philip Stott Pp 151 
Hbk ISBN 0-04-580010-3, pbk ISBN 
0-04-580011-1 (George Allen & Unwin 
1981 ) Hbk £12, $30, pbk £5 95, $14 95 


THIS book ıs an elementary introduction to 
the traditional subject matter of ‘‘plant 
geography’’ — species distributions and 
their interpretation It 1s concise, very 
readable, well produced and accessibly 
priced Care has been taken to make ıt 
comprehensible to students with different 
backgrounds ın biology, geography or 
environmental science There are chapters 
on taxonomy, maps, distribution patterns, 
disyunctions, endemism, and geological 
and historical evidence 

I am sceptical, however, about the value 
of a textbook on plant geography that 
carefully avoids modern: ecological and 
evolutionary concepts Some plaintive 
remarks on the state of biogeography 
(Chapter 1) are revealing — if the 
“ecological tradition’’ has ‘‘flourished and 
grown out of all proportion’’ it 1s surely 
because of advances ın ecological theory! 

Classical phytogeography has not made 
comparable progress, and indeed the same 
paradoxes and ambiguities that run 
through the classical literature reappear, 
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unresolved, in Stott’s book (‘‘Isoflors 

are used to locate centres of origin and 
migratory patterns > — but how?) 
Pollen analysis ıs introduced, but its most 
relevant results — reconstructions of 
complex Late-Quaternary migrational 
histories — are not There 1s no discussion 
of how taxonomic information may lead to 
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reconstructions of phyletic patterns, 
cluster analysis and the like are dealt with, 
but cladistics 1s not mentioned, despite the 
impact of cladistic and vicariance concepts 
on modern evolutionary biogeography 
For many reasons, then, I find this a 
disappointing book however well it 
succeeds in its stated aims m 


Honor C Prentice sa Visiting Research Fellow 
in the Department of Biology at the University 
of Southampton 


Ethology: the classic and the avant-garde 


Peter Marler 


An Introduction to Behavioural Ecology 

By J R Krebs and N B Davies Pp 292 

Hbk ISBN 0-632-00666-8, pbk ISBN 
0-632-00668-4 (Blackwell Scientific/ 
Sinauer 1981 ) Hbk £18, $39 50, pbk £7 50, 
$16 50 Modern Ethology The Science of 
Anunal Behaviour By SA Barnett 

Pp 705 ISBN 0-19-502780-9 (Oxford 
University Press 1981 ) £12 95, $23 95 


ETHOLOGY helped the study of animal 
behaviour off to a good start with a number 
of simplifying assumptions, one of which 
was crucial in convincing sceptics that 
natural behaviour 1s even studiable Given 
the right kind of description, ıt was 
asserted, behaviour would turn out to be as 
stereotyped and species-specific as 
morphology This worked well for a time, 
but in the 1960s ıt became obvious that, just 
as morphology exhibits adaptive 
variations, so patterns of behaviour vary 
widely within a species Even small 
differences in the behaviour of groups of 
individuals may be so amplified by 
processes of social interaction that 
different patterns of social organization 
are created The theorizing of Lorenz and 
Tinbergen, primarily reductiomnistic ın its 
orientation, was ill-suited to guide 
investigations of the quantitative impact 
of behavioural variations on anımal- 
environment interactions Counsel was 
sought from other disciplines such as 
ecology, population genetics and 
economics 

In the past ten years several subdivisions 
of ethology have developed to deal with 
such problems one of which, behavioural 
ecology, 1s admirably reviewed in the 
introductory text by Krebs and Davies The 
approach ıs that of the evolutionary 
biologist, concerned with functional 
explanations of behaviour at the level of 
individual and kin selection The book 1s a 
pleasure to read Its style is lucid and 
entertaining, and the illustrations are clear 
and instructive There are well-balanced 
reviews of the evolution of alternative 
social systems and evolutionarily stable 
Strategies, feeding strategies and 
optimality modelling, fighting and 


manipulation, altruism and cooperation 
The pride of place assigned by Kropotkin 
and Allee to cooperation, however, 1s now 
superseded by an emphasis on conflicts 
of interest, effectively translating the 
motivational drive conflicts of Tinbergen 
into the functional domain Instead of 
collaboration, we have selfishness, spite 
and calculated exploitation 

While arguing their case forcefully, 
Krebs and Davies are cautious about over- 
extending their theorizing, much of which, 
they admit, serves more as description than 
as predictive theory In that sense, the book 
also serves well to point the more ambitious 
student towards new problems awaiting 
solution In particular, genetic issues 
raised, such as uncertainties about 
paternity and how ‘‘kin’’ are actually 
distributed in natural vertebrate 
Dopulations, deserve to be tackled by direct 
observation and experiment as well as at 
the abstract, theoretical level 

Behavioural ecology forms only a part of 
Barnett’s much larger endeavour Modern 
Ethology ıs more of a ‘‘mechanisms’’ book 
than that by Krebs and Davies, analysing 
critically the concepts of classical ethology 
in the light of recent research, and 
reviewing an extensive literature in the 
process It1s both a textbook and a serious, 
scholarly work that grapples with 
conceptually difficult and controversial 
Issues such as intention, conscious 
awareness and the role of reductionism ın 
behavioural science Accounts of social 
behaviour are interwoven with such topics 
as behavioural endocrinology and learning 
theory One of the major index entries, 
habituation, does not appear in the index 
of Krebs and Davies, though clearly 
relevant to their subject matter In this 
sense, the two books complement one 
another well 

Especially salutary are Barnett’s 
discussions of concepts of heritability and 
aggression Aggression 1s interpreted with 
care, especially in-the section 6n human 
ethology A quotation from W D 
Hamilton, a founder of sociobiology and 


‘behavioural ecology, stating that ‘‘vicious 


and war-like tendencies are natural in 
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man’’ sounds a cautionary note 
Misunderstandings about such issues are 
bound to arise until we understand the 
epigenetics of such traits as aggressive 
behaviour and the points in development at 
which they are accessible to environmental 
modification As Barnett indicates, the 
interaction of nature and nurture 1s a 
central problem ın biology and those 
trained in the ethological tradition are 
especially well placed to deal with it An 
historic opportunity will be mussed if 
current enthusiasm for behavioural 
ecology diverts all young ethologists from 
what has to be the most challenging and 
momentous issue ethology has yet faced 
Only when we understand how genes 
impose adaptive limits on behavioural 
plasticity will we fully appreciate the 
pervasiveness of genetic influences on the 
development of behaviour, whether animal 
or human O 





Peter Marler ıs Professor at the Rockefeller 
University, New York, and a member of the 
Rockefeller University Center for Field 
Research in Ecology and Ethology 


Sixty years on? 
Michael B. Usher 


Elementary Mathematical Ecology By 
John Vandermeer Pp 294 ISBN 
0-471-08131-0 (Wiley 1981) £2405, 
$43 25 Population Systems A General 
Introduction By Alan A Berryman 
Pp 222 ISBN 0-306-40589-X (Plenum 
1981 ) $1695, £1071 Population 
Ecology A Unified Study of Animals and 
Plants By Michael Begon and Martin 
Mortimer Pp 200 Hbk ISBN 0-632- 
00812-1, pbk ISBN 0-632-00667-6 
(Blackwell Scientific/Sinauer 1981 ) Hbk 
£15, $33, pbk £7 90, $16 95 


MANy origins of the subject of population 
dynamics can be traced to the 1920s, when 
AJ Lotka, R Pearl, P F Verhulst, V 
Volterra and others were publishing 
relatıvely sımple mathematıcal models of 
population growth and interaction During 
the following half-decade the subject grew 
slowly, but in the 1970s there was an 
explosion of research interest It 1s 
inevitable that this would eventually 
manifest itself in teaching and writing 
textbooks to fill the students’ need Three 
recent examples are considered here 

John Vandermeer teaches population 
dynamics with a programmed text of ten 
lessons, each of which 1s designed to take 
5 +2 hours The explanatory sections of 
Elementary Mathematical Ecology are 
kept short, and the exercises, for which 
relatively sketchy but adequate answers are 
given, are both numerous and essential for 
understanding the lesson I am reasonably 
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certain that most undergraduates would 
take considerably longer than the designed 
time, and ın the exercises I found the lack 
of consistency of rounding intermediate 
results most confusing (for example, ın the 
first chapter one has In (2 25)=0 81093 
and exp (0 83)=2 3) 

In Population Systems, Alan Berryman 
has written a more traditional textbook, 
setting the subject out in only six chapters 
which contain few exercises and only brief 
solutions The text itself does not make 
reference to the ecological literature a 
series of notes, listed in rather small type at 
the end of each chapter, provides reviews 
of a few references and also gives some of 
the more technical material I found the 
shuffling between text and notes a rather 
frustrating aspect of the book’s subject 
presentation 

A slight departure from the usual 
progression from single-species to two- 
species interactions to communities 1s a 
characteristic of Michael Begon and 
Martin Mortimer’s Population Ecology 
Although the first five chapters follow the 
first two steps in this sequence, the authors 
conclude the book with three chapters — 
on life-history strategies, population 
regulation and community structure — ina 
section called ‘‘Synthesis’’ Although this 
makes for interesting, 1f unexpected, 
reading, since one 1s asked to think about 
migration, costs of reproduction, r- and 
K-selection, and so on, after reading about 
Interspecific competition and predator- 
prey relationships, the attempt at synthesis 
really fails 

It 1s interesting to compare the subject 
matter of these books All of them include 
introductions to population growth, 
interspecific competition, predator—prey 
relationships, spatial patterns (rather 
briefly dealt with ın Population Ecology) 
and community structure (only sketchily 
introduced at the end of Elementary 
Mathematical Ecology) A consideration 
of life tables 1s the most surprising omission 
from Population Systems, which also lacks 
an account of matrix models of age- 
structured populations These, then, are 
the core topics, but what are the 
specialities? Elementary Mathematical 
Ecology contains data on island 
biogeography and species-area relation- 
ships, but I wish that the author had 
not used the ambiguous term ‘‘species 
number’’ (implying ranking) for the 
unambiguous ‘‘number of species’’ 
Population Systems takes a systems 
analysis approach, introduces much of the 
jargon such as ‘‘feedback’’, which then 
leads to an extensive consideration of 
density-dependent effects Population 
Ecology includes chapters dealing with life- 
history phenomena, key factors and 
harvesting None of the books contains 
detailed discussions of genetical aspects of 
population regulation 

The theoretical foundation of 60 years 
ago 1s still strongly evident Population 
Systems perhaps diverges most ın taking a 
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Systems theory pomt of view But, for 
teaching, I would certainly recommend the 
excellent blend of example and theory in 
Population Ecology, and possibly support 
some areas by the greater theoretical and 
practical development coming from the 
291 exercises in Elementary Mathematical 
Ecology O 





Michael B Usher ts Senior Lecturer in Biology 
at the University of York 


Search for a science 
Graham Hoyle 


Neuroethology An Introduction to the 
Neurophysiological Fundamentals of 
Behavior By Jorg-Peter Ewert Pp 342 

ISBN 0-387-09790-2 (Springer-Verlag 

1981 ) DM 49, $29 Neuroethology An 
Introduction By DM Guthrie Pp 221 

Pbk ISBN UK 0-632-00303-0, ISBN US 
0-471-26993-6 (Blackwell Scientific/ 
Halsted 1981 ) £8 75, $27 95 





THESE two introductory texts, appearing 
independently at about the same time, 
offer an insight into viewpoint as well as 
subject matter Ewert does his research on 
a backboned animal, the toad, Guthrie on 
invertebrates Each goes out of his way to 
offer a fair balance, with extensive 
examples from the other’s group Many of 
the same studies are reported by both 
authors, showing that they agree as to what 
constitutes neuroethology Itis remarkable 
to find such concurrence, since others who 
consider themselves to be neuroethologists 
have quite different notions as to what 
should be included Guthrie has chapters 
on evolutionary trends and human neuro- 
ethology, with illustrations taken directly 
from textbooks on neuroanatomy, 
psychology and animal behaviour Ewert 
avoids such a nebulous search for princi- 
ples, sticking to observations and hypo- 
theses — although he does manage to 
Squeeze in a section termed ‘‘Stress in 
Human Society’’ 

The Nobel prize-worthy finding of 
Lorenz and Tinbergen in the name of 
ethology was a simple generalization 
complex behavioural acts of animals as 
different as insects, birds and human 
beings are handled genetically — and 
therefore evolutionarily — as wholes This 
applies especially to acts of territoriality, 
home-building, prey-capture and court- 
ship They introduced key concepts and 
clear descriptive terms, notably ‘‘fixed 
action pattern’’, ‘‘releaser’’, ‘‘drive’’ and 
‘‘consummatory act” Each of these offers 
a major challenge to neurobiologists, 
because each implies a specific kind of 
underlying neural circuitry and properties 
Working them out offers a splendid and 
significant intellectual/laboratory pursuit, 
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but there have been only a very few 
successes 1n this new field so far Ewert and 
Guthrie both cover them, but all too 
briefly To create a larger body of 
knowledge, each has padded the relevant 
data with selected bits of physiology, 
psychology, sociology and ethology Thus 
students will be able to learn from either of 
these books, but only if they also receive 
lectures and extensive reading assignments, 
and if they already have a good 
background ın basic neurophysiology 
Both books are lavishly and attractively 
illustrated, Ewert’s, in particular, 1s well- 
endowed with clear diagrams, many of 
which are original, in two colours Each 
represents good value for money 
Unfortunately, the uninitiated reader 1s 
very likely to suffer from a severe attack of 


mental indigestion because of the highly 
condensed treatments of diverse sets of 
data The budding researcher will still have 
to make a critical choice within some 
traditional discipline before being able to 
practise neuroethology, and will be forced 
to face the difficult decision as to whether 
to go with backbones, or a ‘‘squishy’’ or 
“crunchy” invertebrate In effect, thisisa 
choice between going for cellular detail 
now, or for the prestige and significance 
automatically associated with vertebrate 
animals, but which at present show few 
signs of yielding the information needed 
for understanding at the level of nerve cells 
and circuits E 


Graham Hoyle is a Professor in the Department 
of Biology at tne University of Oregon, Eugene 


Strong-minded neuroscience 


Maria Fitzgerald 


Principles of Neural Science Edited by 
Eric R Kandel and James H Schwartz 
Pp 731 Hbk ISBN 0-7131-4405-X, pbk 
ISBN 0-7131-4406-8 (Elsevier/North- 
Holland/Edward Arnold 1981 ) Hbk £45, 
$60, pbk £25 50, $32 50 


NEUROSCIENCE 1S one of the most rapidly 
expanding branches of biology today, the 
task of putting together a comprehensive 
textbook on the subject is therefore 
becoming increasingly difficult Such a 
book should inform clearly and accurately 
of the basic scientific facts while giving a 
balanced account of newer, less 
substantiated work Ideally it should also 
convey the excitement of new ideas and the 
importance of future research Principles 
of Neural Science fulfills all of these 
requirements It 1s an excellent book, fun 
to read yet informative and accurate — a 
combination rare ın scientific literature 

The editors believe that ıt 1s implicit in 
most neuroscientists’ thinking that ‘‘all 
behaviour ıs an expression of neural 
activity’? The task, therefore, of the 
neuroscientist 1s to explain how the brain 
and its cells function and so to understand 
behaviour This view 1s the underlying 
theme of the whole book and ıt contributes 
greatly to its strength It results in a great 
emphasis on behaviour, from simple spinal 
reflexes to the neural basis of emotions It 
also results ın a strong emphasis on disease 
and mentalillness After all, 1f behaviour 1s 
a reflection of brain function, then 
disorders of affectrve and cognitive func- 
tions must result from disturbances of 
the brain, and much can be learnt from 
them Some may disagree with this 
philosophy and thus with the framework of 
the book, nevertheless they will still find 
the contents useful and stimulating 

All of the expected chapters are there, 
from cellular membranes to motor control, 


plus good, up-to-date sections on topics 
such as sleep, ageing and CNS 
development In each section, the relevant 
regional anatomy 1s surveyed, which is 
especially useful in discussions of the 
brainstem and the limbic system At the 
end of the book there are several excellent 
appendices on brain fluids, neuro- 
ophthalmology and electrical circuit theory 
with set questions to work through 





Of course there are shortcomings 
Neurochemistry, one of the most 
challenging branches of neuroscience, 1s 
inadequately covered The basic, classical 
information ıs there but neuropeptides, for 
example, get only cursory attention The 
autonomic nervous system ıs mentioned 
now and again but should certainly have 
hadits own chapter Theındexıs so short as 
to be practically useless, although in 
compensation the chapters are clearly 
divided by straightforward subheadings 
These are in the American style of a 
statement of fact, some are refreshing in 
this cautious age, some irritating My 
particular favourite, arbitrarily used ın the 
chapter on diseases of neuromuscular 
transmission, 1s ‘‘Unsolved problems 
remain’’ go 





Maria Fitzgerald is a Tutor in Neurosciences ard 
a Research Fellow in the Cerebral Functions 
Group, Department of Anatomy, University 
College London 


Childish thoughts 
Albert Yonas 


Foundations of Developmental Psy- 
chology By R C LaBarba Pp 545 ISBN 
0-12-432350-2 (Academic Press 1981 ) 
$20 75,£13 20 Developmental Psychology, 
3rd Edn By RM Liebert and R Wicks- 
Nelson ISBN 0-13-208256-X Pp 665 
(Prentice-Hall’ 1981 ) $21 95, £16 45 


IDONOT know how many students enroll ın 
introductory courses m child psychology 
each year, but the number must be vast 
Apparently, every publisher of textbooks 
feels that ıt ıs worthwhile to produce a new 
book, or at least a new edition of an old 
one, every two or three years 1n an attempt 
to attract part of this huge market 
Something like 80 to 1001ntroductory child 
psychology textbooks are currently 
available This competition has resulted in 
some specialization of books, as well as a 
great deal of homogeneity ın the content 
and organization within each type of book 

Ten years ago, many leading texts tried 
to do everything They were organized by 
age, beginning with prenatal development 
and infancy, and describing the child up to 
adolescence In addition, within each age 
section, topics such as perceptual and 
social development were discussed The 
writing style of many of these books has 
always reminded me of a sequence of 
3” = 5” note cards 

In recent years, specialization has led to 
the creation of a great many texts that do 
little to introduce students to the scientific 
discipline of child psychology, rather, their 
goal is to give the prospective parent or 
teacher a picture of what the average child 
1s lıke at each stage of development and to 
provide information of practical use At 
the opposite end of the continuum, we have 
LaBarba’s Foundations of Developmental 
Psychology This book 1s a scholarly and 
historical introduction to the theoretical 
issues that have guided developmental 
researchers It presents empirical studies 
primarily to illustrate issues and concepts, 
and makes little attempt to give the reader a 
picture of what behaviour to expect froma 
newborn child or to describe the average 
two-year-old 

The book ıs organized topically, with a 
heavy emphasis on biological areas such as 
genetics and human behavioural em- 
bryology The behaviour of the neonate 
apparently 1s not of sufficient interest to 
the author to merit inclusion Very little 
space is given to the development of 
sensory and perceptual processes, there 1s 
no mention, for example, of any sensory 
modality other than vision 

Unlike most introductory books, 
LaBarba’s presents theoretical and 
empirical work not as fact but as the focus 
of argument with the opposing point of 
view This may confuse and depress 
students, although ıt does convey the state 
of the art 
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The basic problem with this text may be 
its assumption that a unified discipline of 
developmental psychology exists with its 
own explanatory concepts and body of 
facts that can be presented in an intro- 
ductory text in the same manner as would a 
physics text In reality, developmental 
psychology is an interdisciplinary field, 
strongly concerned with practical applica- 
tions It focuses on the description of the 
course of development, and 1s still groping 
towards theoretical concepts which will 
make explanation possible 

Developmental Psychology, by Liebert 
and Wicks-Nelson, 1s the third edition of a 
comprehensive and successful text that 
should be even more successful in this new 
version The authors view developmental 
psychology as a branch of science that 1s 
both basic and applied, they believe that 
students can best understand praciical 
applications ın the light of the theory and 
research on which they are based. 

The authors and publisher have res- 
ponded to competition by producing a 
book with every pedagogical aid 
imaginable, from an outline at the 
beginning and a summary at the end of 
each chapter, to coloured and italicized 
marking of important concepts and terms 
The figures are especially effective 

The quality of the writing 1s probably the 
book’s most outstanding trait It has fewer 
details, and ıs more readable, than a 
similar, widely used book by Hetherington 
and Parke Students are introduced to 
basic research with as little pain as possible, 
interest is gained by discussion of practical 
topics (for instance, various childbirth 
methods) The sense of controversy and 
uncertainty in developmental psychology 1s 
almost entirely missing from this book, but 
this may well be pedagogically necessary 

While many teachers may find 
LaBarba’s book full of fascinating 
information useful in the preparation of 
lectures, they are more likely to assign 
Liebert and Wicks-Nelson’s book to their 
students O 





Albert Yonas ıs a Professor of Developmental 
Psychology at the Institute of Child 
Development, University of Minnesota 


Merit in a minefield 
B. Burnet 





Behavior Geneitcs and Evolution By Lee 
Ehrman and Peter A Parsons Pp 450 
ISBN 0-07-019276-6 (McGraw-Hill 
1981 ) $31 50, £17 50 


As A focus of intellectual excitement, the 
genetics of behaviour is rivalled only by 
pursuit of an understanding of the genetics 
of differentiation and development Since 
it requires an interdisciphinary approach in 
integrating biology and genetics with social 
sciences, 1t 1s also a munefield for 
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misunderstanding, and requires a mice 
balance of scholarship and careful 
judgement in any who would venture a 
good textbook for teaching Here 1s just 
such a text Benavior Genetics and 
Evolution 1s a revised and updated edition 
of The Genetics of Behavior published a 
few years ago by the same authors It gives 
a comprehensive account of the principles 
and methods used to study the genetics of 
behaviour and stresses the point that 
greater understanding of the genetic 
architecture of complex behavioural traits 
necessitates subdividing them into discrete 
components prior to genetic analysis 
Separate chapters are devoted to reviewing 
the genetics of behaviour of human beings, 
small mammals and fruit flies, together 
with a range of other organisms including 
some less familiar invertebrates and 
domesticated species 

The authors give a balanced account of 
the genetics of human behaviour and, 
rightly in my opinion, emphasize the need 
for concentration less on the current 
obsession with IQ differences than on the 
genetic analysis of more accessible human 
sensory, perceptual and motor skills — 
although, in view of the difficulties 
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inherent ın interpreting EEG wave 
patterns, speculation about their possible 
significance with regard to deviant or 
criminal! behaviour should be treated with 
caution Particularly valuable ıs the 
discussion of the complications caused by 
cultura] transmission in relation to the 
inheritance of human behavioural 
characteristics In the later chapters the 
special merits of the book emerge in a 
synthesis discussing the genetic 
architecture of behaviours ın relation to 
niche breadth of species, habitat selection, 
population structure and mechanisms of 
evolution Relatively little attention 1s 
given to kin Selection and the evolution of 
altruistic behaviour, which 1s surprising in 
view of the widespread current interest in 
this topic 

The book ıs directed towards under- 
graduate and postgraduate students in 
biology and psychology, and should also 
be valuable to those professionally 
involved in the social sciences, agriculture 
or medicine who require a comprehensive 
treatment of the subject O 





B Burnet ıs Reader in Animal Genetics at the 
University of Sheffield 


Two views of evolutionary genetics 


J.S. Jones 


Basic Population Genetics By Bruce 
Wallace Pp 688 ISBN 0-231-05042-9 
(Columbia University Press: 1981 ) $26, 
£1295 Introduction to Quantitative 
Genetics, 2nd Edn By DS Falconer 
Pp 340 ISBN 0-582-44195-1. (Longman 
1981 ) £9 95, $23 





THE old controversies about Darwinism 
have made their periodic return to the 
public stage In modern terms, evolution 1s 
nothing more than a change ın gene 
frequencies Here are two books dealing 
with genes in populations, one, that of 
Wallace, 1s concerned largely with natural 
populations, the other mainly with genetic 
responses of populations in the laboratory 
or on the farm 

Wallace’s substantial work surveys 
many aspects of population genetics After 
a chapter on the usefulness of models 
(which are used throughout the book, but 
always at a level which should be accessible 
to undergraduates), he considers attempts 
to measure genetic variation, the effects of 
migration and assortative mating on 
population structure, the influence of 
inbreeding and mutation, and modes of 
selection in field and laboratory An 
account of genetic load (a term which has 
lost much of its earlier prominence) leads 
into a treatment of heterozygote ad- 
vantage, which 1s considered ın the context 
of ‘thard’’ natural selection (which 
depends on the rigid application of 


environmental challenges) versus ‘‘soft’’ 
selection (in which fitness depends as much 
on the frequency of competing genotypes 
as on the ngours of the environment) The 
book concludes with a discussion of 
coadaptation and population differen- 
tiation Wallace’s treatment 1s biased 
towards the familiar laboratory species of 
Drosophila — organisms which are unique 
in the extent of our knowledge of their 
genetics and our ignorance of their 
ecology There ıs little mention of the 
classics of ecological genetics such as 
industrial melanism, mumicry or heavy 
metal tolerance 1n plants 

In later chapters Wallace enters into 
speculation and polemic which, although 
always entertaining, means that in some 
ways the book belies its title, this text 1s 
much more than an account of the basics of 
evolutionary genetics 

Falconer has produced a new edition of a 
book which has for 20 years been the basis 
for almost all mtroductory courses in 
quantitative genetics His second edition 
looks as durable as the first It grves a clear 
and complete account of the inheritance of 
continuous characters, many of which are 
of considerable practical importance 
Falconer does not hesitate to discuss the 
relevance of research on laboratory 
populations to cattle milk yield or corn 
production, so that his book will have a 
wide audience Two-thirds of the 
references cited have appeared since the 
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first edition, and the inclusion of so much 
new work inevitably means that the book 
has lost some of its earlier clarity and 
directness, quantitative genetics has, in 
common with all other aspects of genetics, 
gained nothing ın simplicity as our 
knowledge has increased Nevertheless, 
this new text 1s unrivalled as an 
introduction to the subject 

As Wallace points out, there are parallels 
between the theories of population genetics 
and those of economics In both fields 
there exist impressive and complex models 
of the process of change, a huge literature, 
of increasing mathematical sophistication, 
deals with their most obscure workings, 
and at the furthest reaches of these great 
machines small bands of workers labour to 
improve still further our understanding of 
the details of the evolutionary or economic 
universe Economics and evolution share 
another remarkable feature, ın each there 
exist two quite different sets of models 
which, although largely complete within 
themselves, provide mutually incompatible 
explanations of the same phenomena 
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The present dominance of one economic 
model means that academics must now 
assess textbooks as much by price as by 
content In population genetics there 1s an 
equivalent controversy between the view 
that most evolution results from the 
differential action of natural selection on 
genetic polymorphisms, and the more 
radical thesis that much evolutionary 
change — including even changes ın the 
fossil] record — arises from the accidents of 
sampling Wallace, in particular, 1s an 
evolutionary Keynesian, throughout Basic 
Population Genetics he emphasizes the 
directing influence of gradual natural 
selection in controlling the course of 
evolution Although Falconer does devote 
a higher proportion of his space to the 
influence of random events, he too does 
not give this view the prominence which ıt 
now hasın much of the population genetics 
literature Evolution by random change 
still awaits its student text E 


J S Jones ts ın the Department of Genetics and 
Biometry, Unnersity College London 


Mendel meets DNA: the story continued 


D.J. Cove 


An Introduction to Genetic Analysıs, 2nd 
Edn By David T Suzuki, Anthony J F 
Griffiths and Richard C Lewontin 
Pp 911 Hbk ISBN 0-7167-1263-6, pbk 
ISBN 0-7167-1307-1 (WH _ Freeman: 
1981 ) Hbk $24 95, £18 50; pbk £11.95 
Genetics A Molecular Approach By 
Laura Livingston Mays Pp 693 ISBN 
0-02-378320-6 (Collier Macmillan/ 
Macmillan, New York 1981) £15 95, 
$23 95 Genetics. Its Concepts and 
Implications By Anna C Pai and Helen 
Marcus-Roberts Pp 711 ISBN 0- 
13-351007-7 (Prentice-Hall 1981 ) 
$24 95, £18 70 





LAST year, I reviewed here (Nature 289, 
702-704) seven textbooks of genetics, 
published in 1980, which were primarily 
intended for use by undergraduates taking 
introductory genetics courses In 1981, 
three more general genetics texts have 
appeared and so we have moved ın the 
space of only two years from a state of 
relative famine to what might be judged to 
be a glut 

In my previous review, I was allowed to 
devote space to my own views of how 
genetics should be taught at this level 
These have not changed so I will not repeat 
them here at length, but I believe that the 
teaching of genetics 1s not made easier by a 
rigid adoption of a historical approach nor 
by the compartmentation of classical and 
molecular genetics However, as with 
almost all of the 1980 textbooks, last year’s 
were again slaves of history All, for 


example, introduce Mendelian genetics by 
considering the pattern of segregation 
observed when, in a diploid tissue, a 
character difference 1s due to a pair of 
alleles, one dominant to the other In fact, 
in all three textbooks, the first segregations 
described are in the garden pea Once 
again, the student 1s expected to cope with 
diploidy and dominance at the same time as 
understanding the principles of 
segregation All three texts also adopt a 
““Mendel before molecules” approach, but 
Mays manages to deal with meiosis, 
Mendelism, DNA and even the regulation 
of gene expression, all ın her first chapter 
She returns to most of these topics later, 
where her treatment 1s, of course, more 
detailed There is certainly something to be 
said for this approach, but ın Mays’s case 
its adoption has been accompanied by the 
sacrifice of rigour i 

My review has so far ımplıed that the 
three textbooks are rather similar and ıt 1s 
therefore time that I should redress the 
considerable injustice that this impression 
would cause to Suzuki, Griffiths and 
Lewontin Although I was disappointed to 
find that these authors should have 
adopted such a conventional approach to 
the teaching of genetics — and that even 
they should imply that every gene has only 
two alleles, one dominant to the other, for 
about 70 pages of their text — of its kind, 
this textbook is excellent It ıs clearly 
written, well illustrated and, ın particular, 
as its title implies, puts considerable 
emphasis on the analytical aspects of 
genetics Although ıt adopts a historical 
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approach, it 1s up-to-date but, perhaps 
surprisingly, ıt ıs better ın this respect on 
molecular than evolutionary topics It 
contains, for example, a clear account of 
how DNA base sequence can be deter- 
mined but does not deal with the 
punctuated equilibria debate Lewontin’s 
chapters on quantitative, population and 
evolutionary genetics, although as usual 
tacked on behind, are just as good as would 
be expected from a geneticist of his stature 
However, most students will find the 
book’s first chapter, which explores the 
difference between genotype and pheno- 
type, and which was also contributed by 
Lewontin, difficult and only under- 
standable when they return to ıt later 
having acquired some knowledge of the 
physiology of gene expression 

The book ıs not without faults, its 
treatment of the regulation of gene 
expression in the context of metabolism 1s 
weak ın so far as it implies that there ıs 
much more uniformity of mechanisms 
than now seems justified and ın particular 
that the operon 1s universal among 
prokaryotes and fundamental to gene 
regulation 

Mays’s book, subtitled ‘‘A Molecular 
Approach’’, attempts to integrate 
molecular with classical genetics much 
more than Suzuki, Griffiths and Lewontin 
It adopts a descriptive style which therefore 
neglects the logical rigour which 1s central 
to both molecular and Mendelian genetics 
It ıs up-to-date and deals, perhaps ın too 
much detail, with topics such as DNA 
sequencing Population, ecological and 
evolutionary genetics are covered in two 
chapters, but although one of these 1s not at 
the end of the book, there 1s no greater 
integration of these topics with the rest of 
genetics than ın most other texts 

Pai and Marcus-Roberts ıs unfor- 
tunately the runt of this litter Its approach 
is conventional, very descriptive and where 
it attempts to explain classical genetical 
phenomena ın physiological or molecular 
terms, the explanation 1s often misleading 
or even wrong The book ıs ın fact full of 
errors, some trivial, others more 
important Hemophilus influenza (sic) 1s 
said to be a virus, a heterokaryon ‘ʻa cell 
with a diploid nucleus”, an E coli strain 
developed for safe genetic engineering to 
have no sites in its DNA ‘‘which can be 
acted on by restriction endonucleases” 

All three books contain set problems 
Mays contains no answers while Suzuki, 
Griffiths and Lewontin ın their book give 
answers only to selected problems, 
although answers to all problems are 
available ın a separate booklet The 
answers are as usual rather brief, no doubt 
publishers will say that space is at a 
premium but I still believe that very full 
answers, perhaps to fewer questions, are 
essential 

Finally, I must compare this year’s 
books with last year’s Suzuki, Griffiths 
and Lewontin goes straight into my ‘‘best 
buy” category It is inevitably a little more 
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up-to-date than my last year’s choice, 
Ayala and Kiger’s Modern Genetics 
(Benjamin/Cummings, 1980) but I do not 
think that ıt ıs obviously better I prefer 
Ayala and Kiger’s somewhat less historical 
approach and their greater integration of 
molecular and Mendelian genetics, al- 
though I believe both should be taken 
much further I still think there 1s much to 
be said ın favour of Fristrom and Spieth’s 
Principles of Genetics (Chiron/Blackwell 


Not quite Wilson 
Michael Ashburner 


Cytogenetics The Chromosome in 
Division, Inheritance and Evolution, 2nd 
Edn By Carl P Swanson, Timothy Merz 
and William J Young Pp 557 ISBN 
0-13-196618-9 (Prentice-Hall 1981 ) 
$25 95, £1945 Cytogenetics: Plants, 
Animals, Humans By Jurgen Schulz- 
Schaeffer Pp 446 ISBN 3-540-90467-0 
(Springer-Verlag 1981 ) DM69, $40 60 


A DISTINGUISHED cytologist of my 
acquaintance never ventures abroad 
without his copy of the third edition of 
E B Wilson’s The Cell in Heredity and 
Development (Macmillan, 1925) under his 
arm, carefully preserved from the elements 
by a wrapping of plain brown paper I fear 
that neither of the two textbooks of 
cytogenetics reviewed here will command 
such devotion 60 years hence Both 
Swanson, Merz and Young (SMY) and 
Schulz-Schaeffer have written texts aimed, 
by and large, at an advanced under- 
graduate audience, though both hope that 
their volumes may be of use to more 
‘‘advanced’’ researchers 

The books are not only similar in 
purpose, they are similar in the general 
extent of their coverage, treating such 
broad topics as the structure and function 
of chromosomes, the behaviour of 
chromosomes at mitosis and meiosis, 
chromosome aberrations and chro- 
mosomes m evolution in a reasonably 
conventional way There 1s, it 1s true, a 
considerable difference ın emphasis 
between SMY and Schulz-Schaeffer, the 
latter gives the cytogenetics of plants 
(especially cereals) particularly strong 
attention, whilst the former devotes more 
space to a consideration of evolutionary 
issues It 1s, perhaps, for this reason that I 
am more naturally drawn to SMY and 
approached Schulz-Schaeffer more from 
the desire to know what new I could glean 
from it 

I began this review with an implicit 
comparison of these two books with E B 
Wilson’s masterpiece Part of the reason 
for Wilson’s greatness (I speak of both 
book and man) was the regard and 
understanding he had of genetics The 
signal failure of Schulz-Schaeffer stems, ın 


Scientific, 1980), last year’s second choice, 
which adopts a much less conventional 
approach to the subject, and so my own list 
of recommended texts now includes all 
these three Mays’s book 1s neither good 
enough nor bad enough to warrant special 
mention but I am afraid I will have to warn 
my students off Pa: and Marcus-Roberts 


DJ Cove is Professor in the Department of 
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my opinion, from the absence of any true 
integration of the ‘‘cyto-’’ and the 
‘“‘senetics’’ This book suffers too from a 
lack of balance in the presentation of the 
material and from the author’s inability to 
distinguish between the trivial and the 
lasting Perhaps I should illustrate these 
harsh criticisms A very common class of 
chromosome aberration, both ın natural 
and experimental populations, is the 
inversion Inversions have the property 
that, when heterozygous, they suppress 
genetic recombination The precise 
mechanisms by which this suppression of 
recombination 1s achieved were elucidated 
by Sturtevant and Beadle ın 1936, and their 
paper (Genetics 21, 554-604) 1s one of the 
most elegant ın genetics Not only does 
Schulz-Schaeffer fail to give a summary of 
this work (let alone reference ıt) but he 
wastes his reader’s time with such trivia as 
the ‘‘fact’’ that ‘‘twenty seven different 
autosomal inversions have been reported 
from three different localities m Bulgaria in 
the mosquito species A nophelzs messeae’’ 

A second example of the lack of balance 
in this book may not beamiss A paragraph 
(p 294) discussing somatic crossing over 
includes the statement that ‘‘soybean 
seems to be an ideal object for the study of 
somatic crossing over” This may well be 
so, but it 1s rather an eccentric statement to 
make when the detailed and sophisticated 
studies of mitotic crossing over (as ıt should 
be called) in both yeast and Drosophila 
have virtually been ignored 

The lack of balance that I see in this 
textbook ıs serious not only will ıt mislead 
the student but it will also undermine the 
confidence of other readers who might 
otherwise seek from it new information 
There ıs, not surprisingly, much ın Schulz- 
Schaeffer that ıs new to me, yet I am 
reluctant to take anything at face value 
from an author who awards Francis Crick a 
knighthood (trivial in itself, perhaps, but a 
minor irritation) and who has, at least on 
occasion, clearly not consulted his original 
references His account of parthenogenesis 
in aphids 1s but a poor paraphrase of 
White’s review in the third edition of 
Animal Cytology and Evolution. and I see 
no signs of any attempt to look at the 
original data or take into account 
subsequent studies 

The second textbook, that by SMY, 1s 
far better Although the second edition ofa 


text first published ın 1967, it ıs really the 
successor of Swanson’s Cytology and 
Cytogenetics published by Macmillan ten 
years before that Not only have SMY 
made a reasonably successful job of 
integrating the cytology and genetics 
(though even here I think Swanson did 
better ın 1957) but they have also stamped 
upon the whole volume an evolutionary 
perspective that generates an impression of 
intellectual coherence There 1s, however, 
one area of weakness ın this book thatisin 
the various discussions of molecular 
cytogenetics Not only 1s this subject 
treated, to my mind, ın a rather 
oversimplified manner but the authors are 
too naive, accepting at face value some of 
the more speculative of models whose very 
authors, I am sure, would shudder to see 
exhumed 1n student text O 


Michael Ashburner is a Reader in the 
Department of Genetics, University of 
Cambridge 


Citron pressé? 
P.A. Lawrence 


The Genetic Basis of Development By 
Alistair D Stewart and David M Hunt 
Pp 221 Hbk ISBN 0-216-91161-3, pbk 
ISBN 0-216-91160-5 (Blackie/Wiley 
1982 ) Hbk £18 95, $27 95, pbk £8 95 


THE genetic approach to developmental 
biology can be fun and ought to be 
popular But embryology 1s traditionally a 
soft subject that has often been closer to 
theology than science, while genetics has 
always been hard and numerological 
Which may explain why, in the past, 
practitioners of the two disciplines have 
understood each other little and have rarely 
collaborated to solve biological problems 
This makes no sense at all as genes are there 
to provide materials and information to 
construct and maintain animals Genes and 
their products ought therefore to be at the 
heart of embryology — which ıs just where 
Stewart and Hunt perceive them to be 
Their arm was to write a brief embryo- 
logical text from the geneticist’s view point, 
and the result ıs a usefully analytical 
account It 1s also up to date and breaks 
with the common practice (especially in 
embryology) of beating a new textbook 
out of older ones In short, the authors 
have used the primary literature as their 
source This may explain why the book ıs 
often tricky — especially for the ‘‘ad- 
vanced undergraduate” for whom ıt 1s 
written And also why it 1s too much of a 
review, being strong on lists of experiments 
and results and weak on explanation A 
good example ıs the description of the 
bithorax complex of Drosophila ‘This 
locus 1s an illuminating link between 
genetics and development, as ıt appears 
that the elements of the locus are specific- 
ally deployed in developing segments 
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Lewis (Nature 276, 565-570, 1978) has 
shown that without this gene complex most 
of the segments develop identically and the 
result 1s more like a worm than an insect 

Unfortunately the account of bithorax by 
Stewart and Hunt 1s so replete with facts 
that this advanced undergraduate found ıt 
almost incomprehensible Nevertheless, 
the original approach of the book makes ıt 
refreshing and, as with a cold drink, one 
can always leave the :ce 1n the glass O 


Peter Lawrence is at the MRC Laboratory of 
Molecular Biology, Cambridge 


Genetics: bottom... 
Neville Symonds 





Bacterial and Bacteriophage Genetics An 
Introduction By Edward A Birge 
Pp 359 ISBN 0-387-90504-9 (Springer- 
Verlag 1981 ) DM54, $25 70 





EDWARD Birge’s brief was to produce a 
book of reasonable size which would serve 
as a contemporary text for introductory 
courses in bacterial and phage genetics 
This has involved starting with a brief treat- 
ment of DNA replication and the nature of 
mutation, proceeding through chapters on 
phage genetics and the mechanisms under- 
lying transduction, transformation and 
conjugation, and then bringing the story 
up to date with further chapters on 
plasmids, gene regulation, the molecular 
basis of recombination and gene manipu- 
lation 

The ‘‘historical’’? chapters on the 
development of the basic prokaryote 
genetic systems using the phages T4 and A 
and the bacterium K12 as examples are of 
necessity only sketches of what took place 
and do not give a balanced idea of the 
nature of the discoveries involved or the 
problems which had to be overcome More 
successful 1s the chapter on the properties 
of the less well-known phages which out- 
lines clearly the amazing variation in the 
strategies which have been adopted m 
various situations, and there are two well- 
researched chapters on plasmids which 
bring together a lot of useful ideas and 
practical material Transposition and its 
consequences are treated rather briefly, but 
there 1s a clear exposition at the end of the 
book of how modern techniques ın gene 
manipulation are performed and of the 
new frontiers which are being opened up by 
these techniques 

Overall the book succeeds 1n what it sets 
outtodo Itis clearly written, the diagrams 
and format are of a high standard, and ıt 1s 
as up to date as can be expected in sucha 
rapidly expanding field There 1s no doubt 
it will be a useful adjunct in teaching intro- 
ductory coursesinmoleculargenetics O 


Neville Symonds is Professor of Microbial 
Genetics at the University of Sussex 


e o 9 to top 
Dorothy A. Miller 


Genetics Human Aspects By Arthur P 
Mange and Elaine Johansen Mange 
Pp 675 ISBN 0-03-056751-3 (Holt, 
Rinehart & Winston 1980 ) $25 95, £14 95 
Human Chromosomes Structure, 
Behavior, Effects By Eeva Therman 
Pp 235 ISBN 0-387-90509-X (Springer- 
Verlag 1981 ) DM37, $21 80 





THE tone of Genetics Human Aspects 1s 
set by the cover, which has a picture of 
Adam pondering as he sits alone on the 
stump of a primitive tree Perhaps he 1s 
thinking about the fact that all human 
beings will arise from him and hence be 
similar, but never identical, to him This 1s 
not to imply that this ıs a creationist text, 
but rather one which builds on the 
assumption that the study of human 
genetics should be of interest to a student 
just because he is a human being 

Mange and Mange have written a very 
readable book, indeed It ıs aimed at those 
with only a moderate scientific 
background, not including a general 
genetics course Hence the authors try to 
give a comprehensive presentation of 
genetics 1n which, whenever possible, 
concepts are illustrated by human rather 
than plant or animal examples Simple 
statistics and chemistry are dealt with in 
appendices 

In addition to the easily understood, not 
to say sprightly, text, the book has much to 
recommend it The material ıs up-to-date 
and relatively free of errors The hne 
drawings are particularly well conceived 
and are very effective in simplifying 
concepts as they are presented ın the text 
The references are well chosen and include 
some original articles so that the student 
can appreciate the step by step nature of 
research The authors refer to numerous 
areas that still require research, leaving 
some room for student imagination There 
are adequate questions at the end of each 
chapter and the answers are accompanied 
by explanations 

Will the book be suitable for a course? 
The fast pace that makes the book so 
enjoyable also means that most areas are 
not dealt with in depth Hence, the text 
would be more suitable for undergraduate 
or adult education courses than for 
graduate or medical school courses As ın 
any text, the balance of material selected 1s 
a matter of personal preference which 
teachers must assess for themselves They 
would be well advised to at least examine 
this text 

The material in Human Chromosomes 
by Eeva Therman overlaps about one- 
fourth of thatin Genefics Human Aspects 
because chromosomes play such an 
important role in human genetics The text 
covers areas of human cytogenetics that 
have been studied using the light 
microscope chromosome Structure, 


mitosis, meiosis, banding, structural and 
numerical abnormalities, changes ın cancer 
cells and human gene mapping Examples 
are drawn primarily from human material, 
but use has been made of plant or animal 
studies when these provide the best 
materia] available The book does not deal 
with molecular approaches to cytogenetics 
and includes almost nothing about findings 
of biophysical, biochemical or electron 
microscopic studies (for example, 
nucleosomes are not mentioned) 

Therman’s writing 1s clear and her style 
didactic She mcludes many definitions 
and presents the facts that have been 
established Although she has carried out 
extensive research on the human X 
chromosome, her presentation 1s not 
research orientated She does not, for 
example, discuss the way the facts were 
obtained, nor does she try to entice 
students into cytogenetics by emphasizing 
questions that remain to be answered She 
prefers to cite reviews rather than original 
articles so that ‘‘the reader 1s encouraged to 
delve deeper into any question of interest’, 
whether this will have the desired effect 1s 
notclear For meit produced a rather static 
image of an active field 
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unately the illustrations of human 
chromosomes given in the book do 
not provide a very complete background 
forthe student Full human karyotypes are 
shown for unbanded Giemsa (two), G- and 
Q-banded cells, but not for C- or R-banded 
cells, which are represented by a partial 
karyotype of C-banded E group chromo- 
somes and a single R-banded number 1 
Reciprocal translocation 18 poorly 
illustrated by the karyotype of an 
unbanded endoreduplicated cell, even 
though the figure legend states the :dentity 
of the translocated chromosomes was 
confirmed with Q This selection of 
_llustrations must have been a matter of 
choice, rather than space limitation, 
because a full page ıs devoted to C-banding 
of plant chromosomes and another to a 
G-banded karyotype of the rat 

Human Chromosomes 1s an introductory 
text suitable for undergraduate or graduate 
students Since the subject matter is not 
dealt with in great detail, it should be 
compared to presentations of the same 
material 1n general human genetics texts 


Dorothy A Miller is a Senior Research 
Associate in the Department of Human Genetics 
and Development at Columbia University 
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Science or scholarship for students of developmental biology? 


D.R. Newth 


Patten’s Foundations of Embryology, 4th 
Edn By Bruce Carlson Pp 672 ISBN 
0-07-009875-1 (McGraw-Hill 1981 ) 
$30 25, £16 25 Development, 2nd Edn By 
Gerald Karp and N J Berrill Pp 692 
ISBN 0-07-033340-8 (McGraw-Hill 
1981 ) $3295, £1825 Developmental 
Biology By Leon W Browder Pp 602 
ISBN 0-03-056748-3 (Holt, Rinehart & 
Winston 1980 ) $28 95, £13 95 Introduc- 
tion to Embryonic Development By Steven 
B Oppenheimer Pp 404 Hbk ISBN 0-205- 
06899-5, pbk ISBN 0-205-07348-4 (Allyn & 
Bacon 1981 )Hbk$23 95,£16 50, pbk £8 95 





THE student of developmental biology, or 
of its senior component animal em- 
bryology, does not lack for possible 
textbooks However, perhaps para- 
doxically, only the most elementary can 
afford to be comprehensive, the more 
advanced being tempted to specialize in 
one of two ways They may be restricted 
systematically, dealing for example, only 
with animals, only with vertebrates or only 
with Xenopus Or they may be mechanism 
based and call widely upon prokaryote, 
unicellular, and plant and animal 
multicellular systems for ulustrations of 
their themes In either case one senses a 
certain discomfort in the authors and fears 
a lack of satisfaction ın the student reader 

Of the four books now considered, one 
— CarJson’s revision of Patten — 1s 
unashamedly selective both systematically 
and thematically It derives from an earlier 
book which celebrated the developmental! 
anatomy of chick, pig and man but had 
little use for other material Dr Carlson has 
now remodelled the work with the object of 
narrowing the gap between accounts of 
formal changes 1n developing animals and 
their experimental analysis His main 
changes have been to stress the 
morphogenesis of organs that have been 
important in analytical work, to give an 
account of limb development that 1s a 
genuine integration of the formal and the 
analytical, and to introduce experimental 
findings at points where they help to solve 
anatomical problems 

The material 1s presented clearly and the 
book ıs abundantly and effectively 
illustrated The student will gain from the 
self-imposed limitation of the treatment in 
that at the end he or she will feel confident 
of, andin, what has been accomplished Dr 
Carlson provides an introduction to 
laboratory studies on early chick 
development as a long appendix 

Karp and Berrill have produced a very 
much revised and improved second edition 
of a fairly ambitious text They cover so 
much and their treatment is so good 1n so 
many ways, that ıt seems churlish to 
question the coherence of the picture of 
development that emerges And yet, after 
the early chapters in which a deve- 


lopmental story unfolding can be 
discerned, the book inevitably fragments 
into sections whose sequence seems 
arbitrary This, I must emphasize, is not 
meant as a criticism only as an ack- 
nowledgement of the impossibility at the 
present time of ordering our presentation 
of developmental problems consistently 

Plants apart — and few texts successfully 
integrate them with ammal material — the 
systematic coverage 1s catholic, and the 
emphasis biological That 1s to say that the 
biochemical and molecular biological 
approaches do not predominate, although 
usefully presented at many points 

Karp and Berrill, in my view, offer one 
of the half-dozen best general texts of 
developmental biology now available in 
English They will run to a third edition no 
doubt, and may then take the opportunity 
to improve the proof reading, most 
especially in correcting the spelling of 
proper names 

Browder’s Developmental Biology 1s 
also a large and ambitiously conceived 
work, but leaning more heavily upon 
molecular biology, and being somewhat 
kinder to plants It has the virtue of clarity 
and 1s well illustrated, but ıt coo shows that 
selection of material has been a serious 
problem It would not be simply an act of 
piety to include discussion of, say, the 
development of the immune system and of 
the origin of antibody diversity in a 
textbook of developmental biology, 
especially ın one which concentrates on 
biochemical and cellular matters Yet 
Browder skates over these and a number of 
other fields which might have been 
expected to attract him, amphibian 
metamorphosis, for example, 15 given 


cavalier treatment 

Yet his discussions of the matters that he 
deals with are well balanced and should 
incite students to explore the original 
literature Especially in the area of gene 
control of development, his accounts are 
among the best available at this level 

Oppenhemmer’s book ıs the shortest and 
claims only to be an introduction It 1s 
eclectic in coverage, but not very kind to 
plants It ıs written with enthusiasm, 1s 
sometimes a little careless, but deals with 
most of its topics in a stimulating way 
However, as with so many elementary 
introductions, ıt does not avoid the danger 
of unquestioning acceptance of matters 
which are not quite as certain as all that In 
a section quaintly headed ‘‘Gastulation in 
Amphibian” (sic) 1s given a not very good 
account of the process ın question, but with 
no suggestion that it may still have 
uncertainties or that 1t may vary from one 
amphibian species to another Yet ıt does 
Nor is bird gastrulation so simple, or so 
well understood, as the student reading 
Oppenheimer might believe 

These are, of course, complaints of a 
kind that most elementary texts invite To 
avoid them ıs difficult, but the attempt 
must be made if the reader ıs to be helped 
into science rather than into scholarship 

The authors of all these books have 
clearly gone to some trouble with their 
illustrations Many, especially the scanning 
electron micrographs, are excellent But 
publishers will have to take greater pains to 
ensure that their production methods are 
equal to the challenge O 





DR Newth was formerly Regius Professor of 
Zoology in the University of Glasgow 


Biology: broad brush for a large canvas 


E.C. Cox & R.M May 


A View of Life By Salvador E Luria 
Stephen J Gould and Sam Singer Pp 806 
ISBN 0-8053-6648-2 (Benjamin/Cum- 
mings 1981 ) $26 95, £10 95 





THIS introductory biology text aims to 
concentrate on ‘‘the great themes and argu- 
ments of biology’’, rather than to offer the 
encyclopaedic catalogue that characterizes 
many of its competitors The result 1s an 
interesting and unusual text which in places 
has a minimalist air to ıt; this 1s particularly 
true ın the earlier sections, where a lot of 
the material ıs simply set forth without 
critical examination of the historical or 
contemporary experiments that compel 
belief 

The broad pattern of organization 1s the 
conventional one beginning with the basic 


chemistry of living things, we progress 
through genetics, developmental biology 
and the functioning of organisms to evo- 
lutionary biology and ecology The presen- 
tation 1s uniformly lucid, easy to read and 
backed by first-rate line drawings and other 
ulustrations (along with ‘‘boxes’’ develop- 
ing special points) 

Among the early chapters are some 
strikingly elegant and careful discussions 
the structure of water, allosteric effectors 
(where the models and figures are superb), 
introductory genetics and gene regulation 
in bacteria The molecular biology 1s not as 
contemporary as one might wish, virtually 
passing over much of the exciting new work 
on the gene structure of higher eukaryotes 
(such as gene inserts, the splicing together 
of variable and constant regions of the 
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globulin chains, the molecular changes 
associated with the regulation of mating 
type in yeast and so on) In short, the early 
sections are strong on the classic things, but 
appear a bit dated 

The chapters on the functioning of 
organisms do a good job of covering the 
major problems faced and solved by higher 
organisms nutrition and gas exchange, 
transport, hormone functioning and the 
like The emphasis 1s strongly on human 
biology (again with excellent illustrations), 
with occasional genuflection toward 
comparative and evolutionary analyses 

The concluding chapters focus on the 
broad themes of evolutionary thinking the 
history of the subject, micro- and macro- 
evolution, biogeography and the fossil 
record No other introductory text treats 
this material so thoroughly or so well 
These chapters expound the essential philo- 
sophical character of Darwin’s theory, and 
discuss problems associated with it, both 
past (blending inheritance, Mivart’s 
doubts about the evolution of the incipient 
stages of useful structures, as instanced by 
the two reptilian jaw bones that are ear 
bones ın contemporary mammals) and 
present (‘‘neutral evolution’’, mechanisms 
that can maintain heterozygosity ın popu- 
lations, cladist, phenetic and classical evo- 
lutionary schools of taxonomy) Given the 
current misrepresentation of evolutionary 
thinking by the so-called ‘‘scientific’’ 
creationists, these chapters are especially 
valuable They are marred only by an 
occasional tendency to intrusive editorial 
comment, and by the misrepresentation of 
Darwin as holding that evolution proceeds 
at a consistently gradual rate, ın contrast 
with contemporary notions about 
“punctuated equilibrrum’’ As observed 
by Andrew Huxley ın his Presidential 
Address to the Royal Society last year, 
Darwin’s statement that ‘‘each form 
remains for long periods unaltered, and 
then again undergoes modification’’ and 

the periods during which species have been 

undergoing modification, though very long as 
measured by years, have probably been short in 
comparison with the periods during which these 
same species remained without undergoing 
any change 
effectively makes him a punctuated 
equilibrist 

The treatment of population genetics 1s 
brief and not well organized, and that of 
population biology and ecology ıs 
perfunctory 

In short, this 1s a distinctive introductory 
biology text that all teachers of such 
courses will profit from reading But we 
feel it 1s a bit too thin and quirky to displace 
the canonical Curtis or Keeton, unless 
supplemented by extensive additional 
readings O 





Edward C Cox ıs Chairman of, and Robert M 
May Professor ın, the Biology Department at 
Princeton University, where they Jointly teach 
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The multifarious questions of evolution 


Bentley Glass 


Understanding Evolution By Earl D 
Hanson Pp 556 ISBN 0-19-502784-1 
(Oxford University Press 1981) £14 95, 
$23 95 


THE recent flurry of attacks on school text- 
books and the teachers of biology who deal 
with evolution should focus attention on 
the college textbooks of evolution and the 
way ın which the subject ıs taught The 
questions to be asked are multifarious Is 
organic evolution itself, as distinct from 
the mechanism of natural selection, a 
theory or a fact? Is adequate attention 
given to the gradual change of ideas abouta 
theory, starting ın the case of evolution 
with the first glimmerings of the concept 
among the Greek philosophers and the 
ancient and mediaeval belief in spon- 
taneous generation? What of the long 
debate over the inheritance of acquired 
characteristics, continuing even today? 
Just what was Darwin’s contribution to the 
theory of evolution? How does the evo- 
Jutionary synthesis of today differ from 
Darwin’s own ideas? There are many more 

In most respects, the teacher — 1f not the 
student — will welcome Hanson’s book It 
18 comprehensive and clearly written As 
might be expected from his earlier books, 
Hanson emphasizes animal and plant dı- 
versity, homologies and relationships But 
there ıs a substantial section devoted to 
Mendelian and modern genetics as the 
basis of understanding what Darwin 
always affirmed was the crux of the matter 
the nature and origin of hereditary 
variations There 1s also a detailed treat- 
ment of the evidence for relationships that 
comes from biochemical comparisons of 
amino acid sequences in proteins and 
nucleotide sequences ın DNA For a course 
intended to run only for one semester of a 
college year, there may be far more 
technical detail here than a student can 
master, yet better too much than too 
skimpy a treatment 

As for noticeable deficiencies in the 
book, it seems to me that not enough 
attention 1s given to the history of the idea 
of evolution, to the pre-Darwinian as well 
as post-Darwinian gropings for an explan- 
ation of origins, to the marvellous com- 
bination of evidence from every sub-field 
of biology. I notice also a tendency to deal 
rather briefly with the evolution of plants, 
although their speciation by polyploidy, es- 
pecially allopolyploidy, affords some of 
the best evidence for the origin of species in 
recent times The coverage of plant and 
animal geography ın relation to evolution Is 
also somewhat meagre Nevertheless, the 
classical evolutionary synthesis 1s well 
expounded 

Finally, in respect to human evolution, 
In my opinion a fuller development of 
primate and hominid evolution would be 
enjoyed by teacher and students alike It ıs 


difficult, in this area of knowledge, to keep 
pace with discovery and choose between 
conflicting interpretations Hanson has 
relied heavily on the work of the Leakeys 
He omits entirely any reference to the 
breathtaking discovery of ‘‘Lucy’’, the 
three-million-year-old, erect-walking 
ausiralopithecine whose complete skeleton 
is the most magnificent and astounding of 
all palaeoanthropological discoveries This 
section of Hanson’s book already cries out 
for revision 

The last 200 pages of Understanding 
Evolution are devoted to a phylogenetic 
survey of plant and animal groups That ıs 
clearly the author’s own bent Other 
teachers may wish that those pages had 
been used for a fuller treatment of some of 
the matters I have mentioned that have 
received little attention In particular, there 
would be a solid advantage ın allotting 
space to an explicit exposé of the assump- 
tions and subterfuges of the ‘‘scientific’’ 
creazionists OC 


Bentley Glass is Distinguished Professor of Biology 
Emeritus at the State University of New York, 
Stony Brook 


Natural history of 
vertebrates 
Barry Cox 


Patterns of Vertebrate Biology By E W 
Jameson, Jr Pp 477 ISBN 0-387-90520-0 
(Springer-Verlag 1981 ) DM 63, $33 20 


THE preface to Jameson’s book states that 
it ıs concerned with the natural history of 
vertebrates, and he comments that ‘‘the 
laboratory, however essential and produc- 
tive, 1s a departure from the animal’s real 
world’? Much of the book ıs therefore 
primarily descriptive, made up of a collec- 
tion of discussions of different aspects of 
the field biology of vertebrates 

However, Jameson commences with 
chapters concerned with ‘‘An Overview of 
Vertebrate Phylogeny’’,, ‘‘Mechanics of 
Evolution’? and ‘‘Zoogeography’”’ It 1s 
always difficult to know where to draw the 
line between relevant topics and those 
which are merely general background, but 
I thought that none of these contributed 
significantly to Jameson’s main thesis, 
while the first also revealed an uncertain 
knowledge and understanding of this 
topic 

The remainder of the book 1s divided 
into three parts ‘‘Individual Environ- 
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mental Responses’? (with chapters on 
breathing, food and feeding, thermo- 
regulation and water balance, activity and 
seasonal dormancy), ‘‘Communication’’ 
(sensory receptors and perception, 
signals), and ‘‘Population Phenomena’’ 
(reproduction, growth, community and 
population density) Here again, there are 
sections that have little to do with natural 
history For example, the details of the 
structure and ventilation of the bird’s lung 
and airsac system are merely functional 
anatomy, and only become natural history 
if comparative data are given on variations 
in the structure or relative size of the system 


in different birds, such as penguins, 
ostriches, humming birds and so on The 
book ıs also not without errors for 
example, hagfish do not have only a single 
pair of gills (p 104), and the spiracle 1s not 
the vestigial /ast gill (p 106) 

Nevertheless, those wishing to flesh out 
structural anatomy with interesting 
examples of natural history will find many 
useful examples ın this book, and there 1s 
an extensive bibhography of well over 
1,000 entries O 


Barry Cox is a Professor of Zoology at King’s 
College, University of London 


The welcome return of J.Z. Young 


L. Beverly Halstead 


The Life of Vertebrates, 3rd Edn By J Z 
Young Pp 645 Hbk ISBN 0-19-857172-0, 
pbk ISBN 0-19-857173-9 (Oxford 
University Press 1981 ) Hbk £25, $26 95, 
pbk £14 The Chordates, 2nd Edn By R 
McNeill Alexander Pp 510 Hbk ISBN 
0-521-23658-4, pbk ISBN 0-521-28141-5 
(Cambridge University Press 1981 ) Hbk 
£35, $69 50, pbk £12 50, $2495 Lecture 
Notes on Vertebrate Zoology By R 
Pearson and J N Ball Pp 180 Pbk ISBN 
0-632-00729-X (Blackwell Scientific/ 
Halsted 1981 )£7 50,$21 95 Anatomy of 
the Chordates, 4th Edn ByC K Weichert 
Pp 814 ISBN 0-07-069007-3 (McGraw- 
Hill 1981 ) $37 75, £20 95 


IN 1950 J Z Young published The Life of 
Vertebrates, which rapidly came to 
dominate the teaching of vertebrate 
zoology at a time when the vertebrates 
occupied an entire academic year in most 
zoology degree courses In 1962 the second 
edition appeared, but by the end of the 
1960s and throughout the 1970s there was 
no J Z and teachers were obliged to look 
elsewhere Not only that, but vertebrate 
zoology had to relinquish much of 1ts terri- 
tory as newer aspects of biology rose to the 
fore Vertebrate courses became a 
catalogue of anatomy, with long names to 
be studied and learnt for no other apparent 
reason than that ıt was supposed to do 
students good The vertebrates tended to 
be relegated to asmaller and smaller part of 
the curriculum As this process was under- 
way, by some curious irony advanced texts, 
monographs and symposium volumes on 
the group seemed to be constantly pouring 
out of publishing houses, yet there was 
nothing remotely suitable in the way of a 
general textbook 

In 1975 there appeared McNeill 
Alexander’s The Chordates, a general text- 
book of vertebrate zoology written by a 
leading expert ın biomechanics, which in 
many ways fitted the bill Here, the 
structures of the vertebrates were discussed 
from the standpoint of their mechanics 


This approach lent itself especially to 
practical demonstration of the basic 
principles involved and was a truly 
excellent contribution to teaching, though 
the mathematical aspects tended to 
intimidate both the students and the less 
numerate teachers However, this 
textbook signalled a refreshing new 
approach that deserved encouragement 
The publication of a second edition, which 
has been updated and incluces several new 
topics such as a useful discussion of 
dinosaur biomechanics, augurs well for the 
future of vertebrate zoology and the bio- 
mechanical approach being promoted by 
Alexander 

The appearance of Pearson and Ball’s 
Lecture Notes on Vertebrate Zoology 
clearly fills a need 1n the teaching scheme of 
things It is sad that ıt should be so This 
book as far as one can judge sets out to 
record all the boring bits of the subject, 
with its emphasis on pure anatomy The 
authors’ aim ‘‘to release the teacher from 
the drudgery of simply reproducing 
anatomy and to create a platform for 
profitable expansion on innumerable 
other topics’’ Well, here is the drudgery all 
right but I fear that having created this 
platform, far from inspiring a prospective 
student into ‘‘profitable expansion’’ ıt 
would convince him that the subject is one 
of stupefying boredom to be avoided at all 
cost The illustrations are notable for their 
variable quality the crude sketch of the 
structure of a reptile scale (p 93) conveys 
nothing to me, and I suspect the authors 
would not have included it had they ever 
looked at a microscopic section of, say, 
lizard skin Worse, some of the infor- 
mation 1s so out of date that ıt would appear 
that the authors have cobbled together 
their material from a selection of older 
textbooks I suppose a teacher could use 
the book to instruct students 1n some basic 
information but they would be failing in 
their duty to allow students a glimpse of ıt 
This book can only do harm ın that ıt 1s 
guaranteed to snuff out any spark of 


enthusiasm | 

Last year also saw the appearance of the 
fourth edition of Weichert’s Anatomy of 
the Chordates, a system by system com- 
parison of the chordates — a worthy, albeit 
rather fusty book, again dating froma time 
(1951) when the vertebrates formed a larger 
proportion of the syllabus than today This 
book, however, can be recommended for 
all teachers of vertebrate zoology ın that ıt 
is relatively easy to pick out how, for 
instance, the vascular system varies fiom 
one major structural grade of vertebrate to 
another Thisis the kind of book to have to 
hand as a reference for teaching 

For teachers and students of vertebrate 
zoology the publishing event of 1981 was, 
however, the long awaited return of J Z 
Young, with the third edition of The Life of 
Vertebrates It all comes back now, why 
J Z had such a profound effect on both 
teachers and students, here he speaks 
directly to the reader about really fascin- 
ating topics It 1s always possible to com- 
plain that the choice of topics 1s rather too 
personal but this 1s surely what gives the 
book its vitality The notable thing about 
The Life of Vertebrates 1s that a mass of 
information ıs communicated in such a 
light and easy manner, but, more 
important, the enthusiasm of youth 


pervades this book There are odd bits 
where one cannot help but be irritated 
because it 1s either grossly out of date or 





plain wrong, such as the hopelessly 
inaccurate diagram of the visceral arches 
and jaws in early vertebrates One of the 
greatest surprises 1s that the current contro- 
versies on methods of classification and the 
arguments over the process of evolution 
and the fossil record are alluded to and the 
clear voice of common-sense always 
characterizes J Z ’s overview, not only of 
current fashions but of the place of zoology 
in its wider perspective 

The pre-eminent position of J Z Young 
as the teacher and enthusiast of the study of 
the vertebrates 1s richly deserved This 1s 
the best textbook around The occasional 
lapses can be forgiven, ıt is the inspiration 
that he provides that will encourage a new 
generation to come into vertebrate 


zoology 0 





LB Halstead is Reader in Geology and 
Zoology at Reading University and Research 
Fellow in Anatomy at the Royal Dental Hospital 
of London 
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Recent paperback editions 


Lawrence H Aller & Dean B 
McLaughlin, eds 

Stellar Structures 

Louis J Battan 

Radar Observation of the Atmosphere 





1965 £21 00 


1973 £10 50 
S A Barnett 
The Rat. A Study of Behaviour 
revised edition 1975 £7 70 


Jonathan R Cole & Stephen Cole 
Social Stratification in Science 
1973 £6 30 
E J H Corner 
The Life of Plants 
Paul H Barrett, ed 
The Collected Papers of Charles Darwin 
two volumes in one 1977 £8 75 
Stillman Drake 
Galileo at Work: His Scientific Biography 
1978 £7 00 
Ludwik Fleck translators Fred Bradley & 
Thaddeus J Trenn, editors Thaddeus J 


1964 £6 30 


Trenn & Robert K Merton 
Genesis & Development of a Scientific 
Fact 1979 £4 90 


Carl Gans & Thomas Parsons 
A Photographic Atlas of Shark 
Anatomy The Gross Morphology of 


Squalus Acanthias 
Work Book 1980 £5 60 
Robert Geroch 
General Relativity from A to B 

1977 £3 50 
Gordon M Greenblatt 


Cat Musculature A Photographic Atlas 
Work Book, second edition 1980 £2 80 
Norman Lebovitz, Wilham H Reid & 
Peter O Vandervoort 

Theoretical Principles in Astrophysics 


& Relativity 1978 £5 95 
David C Lindberg 

Theories of Vision from Al-Kindi to 
Kepler 1976 £7 00 
Michael Ruse 

The Darwimian Revolution Science Red 
in Tooth & Claw 1979 £7 00 


Harald Stumpke (Gerolf Stener) translator 
Leigh Chadwick 

The Snouters: Form & Life of the 
Rhinogrades 1967 £3 50 
Robert M Wald 

Space, Time, and Gravity’ The Theory of 
the Big Bangand Black Holes 1977 £2 80 
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Invertebrate Zoology, 4th Edn By RD 
Barnes Pp 1,089 Hbk ISBN 0-03-056- 
747-5, pbk ISBN 4-8337-001-8 (Holt- 
Saunders 1980 ) Hbk £17 95, $27 95, pbk 
£1150 Invertebrate Zoology, 3rd Edn By 
JG Engemann and R W Hegner 
Pp 746 ISBN 0-02-333780-X (Collier 
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0-7131-2806-2 (Edward Arnold 1980 ) 
£2 60 Practical Invertebrate Zoology, 2nd 
Edn Edited by R P Dales Pp 356 Pbk 
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A SYSTEMATIC and detailed study of the 
vast array of invertebrate animals 
continues to form a substantial part of 
undergraduate teaching ın zoology The 
problem of striking a satisfactory balance 
between their anatomy, physiology, 
ecology and evolutionary relationships has 
become more acute as our knowledge in 
these areas has increased A sound and 
comprehensive textbook to supplement 
“the invertebrate course’’ 1s essential, and 
two which have built up a considerable 
reputation have recently appeared in new 
editions 

Invertebrate Zoology, by Barnes, has 
reached its fourth edition Barnes claims 
that ‘‘there 1s no way a book of this sort can 
avoid growing to some extent”, which 1s 
debatable to say the least, but most of the 
considerable increase in length of this 
edition comes from the many new drawings 
and photographs The new artwork by 
Mary Ann Nelson 1s excellent and she has 
made her drawings from actual specimens 
(a habit which seems, unfortunately, all 
too rare) The text ıs as clear and sound as 
ever Summaries have been added, a 
central section of over 40 colour 
photographs ıs a new feature, and there 15 
now an interesting chapter on coral reefs 
Barnes still plays down the insects too 
much, however, allowing them only about 
30 pages in a book of over a thousand The 
paperback version has a much smaller page 
size than the hardback and the consequent 
reduction in the size of typeface and 
diagrams tends to make the text hard to 
read and the illustrations less clear, but the 
paperback, being roughly half the bulk and 
weight of the hardback, 1s certainly easier 
to handle 

The third edition of Invertebrate 
Zoology by Engemann and Hegner 1s also 
welcome (Engemann’s name now pre- 
cedes that of the late Robert Hegner ) It 1s 
as concise and well organized as previous 
editions, with key words ın italics and the 
material arranged in short, headed 
sections Engemann ıs a devotee of tne 
‘type approach’’, in which one species 1s 
treated 1n great detail to serve as an 
example of 1ts group A drawback of this 
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practice, 1t seems to me, 1s that every aspect 
of the selected type 1s described, whether ıt 
happens to be typical of the group or not, at 
the expense of more information on other 
members (The crayfish occupies as many 
pages as all other crustaceans put together, 
for example ) An unusual feature is the new 
chapter on deep-sea invertebrates, ın which 
the suggestion that these animals tend to be 
extremely long-lived 1s critically examined 
in order to discuss ‘‘a broad range of 
principles’’ of invertebrate zoology and to 
encourage the student to think more 
deeply A worthy aim, which Engemann 
achieves a. 
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The division of coelomates into 
protostomes and deuterostomes 1s coming 
under some attack nowadays, but it is a 
convenient and useful concept and both 
Barnes and Engemann retain it They 
disagree, however, over many points of 
classification For example, Barnes puts 
the pogonophorans among the pro- 
tostomes, rightly I think, whereas 
Engemann still lists them among his 
deuterostome groups (although he 
acknowledges elsewhere that their position 
ıs puzzling) Engemann discusses the 
problems of protozoan relationships but in 
the end sticks to the system customarily 
used by zoologists, whereas Barnes now 
raises each of the major protozoan groups 
to the rank of phylum (Gin the Kingdom 
Protista) Such disagreements over 
classification are inevitable, but they can 
confuse students Barnes has dropped his 
earlier chapter on phylogeny, and 
Engemann also avoids, sensibly, a long 
consideration of possible evolutionary 
relationships between the phyla 

In addition to comprehensive textbooks, 
there 1s now a wide variety of smaller works 
which cover specific aspects of invertebrate 
zoology Invertebrate Respiration, by 
Wells, isa fine example Theauthor’s lively 
style reflects his great enthusiasm for the 
subject, and the longest chapter deals 
effectively with the comparative 
physiology of blood pigments, Wells’s own 
speciality Zoologists with no great feeling 
for the physical sciences will find the 
introductory chapter on the principles of 
gaseous exchange particularly valuable 

Laboratory classes are an indispensable 
part of invertebrate courses They 
generally include an intensive study of 
anatomy (by microscopy and by 
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dissection), demonstrations of specimens 
to illustrate the range of form within each 
group, and some simple experiments All 
these aspects are well served by the second 
edition of Practical Invertebrate Zoology, 
edited by Dales He and the six other 
authors are all experienced university 
teachers and each 1s an expert on one of the 
major invertebrate phyla The book 1s well 
written and the material sensibly arranged 

There is too much writing and not enough 
Ulustration for a laboratory manual, to my 
mind, but the book contains a great deal of 
valuable information The section on 
general methods, and the numerous 
suggestions for simple experiments, make 
the work a useful sourcebook for the 
teacher as well as the student 


Alan Brafield ts a Senior Lecturer in the Biology 
Department of Queen Elizabeth College, 
University of London 
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The Science of Entomology, 2nd Edn By 
Wiliam S Romoser Pp 575 ISBN 
0-02-403410-X (Collier Macmullan/ 
Macmillan, New York 1981) £13 95, 
$21 95 Fundamentals of Entomology, 2nd 
Edn By Richard J Elzinga Pp 422 ISBN 
0-13-338194-3 (Prentice-Hall 1981 ) 
$22 95, £17 20 Insect Physiology By W 
Mordue et al Pp 108 Pbk ISBN 0-632- 
00385-5 (Blackwell Scientific/Halsted 
1981 ) £5 75, $16 95 


ENTOMOLOGY 1s one of the few component 
parts of zoology to be taught as a science in 
itsownright Physiology, parasitology and 
cytology, for example, are major topics 
covering the whole of the animal kingdom, 
the Insecta and Chordata are the only 
individual groups to merit major topic 
treatment, and this 1s reflected by the large 
number of books concerned with their 
study One might wonder whether more 
entomology texts are really necessary — 
perhaps merely to include recent advances? 
— but since the fundamentals of insect 
biology do not change, a sensible solution 
1s to rewrite the better books Two of the 
three texts reviewed here are second 
editions of books already established ın 
North America All three are good 
examples of the recent generation of 
entomological texts which pack a large 
amount of information into a single, 
readable and well-illustrated volume 
Modern textbooks are not necessarily 
better than some of their predecessors, but 
they are often more lucid and are usually 
more attractive visually, studying 1s still 
hard work, but now ıt may be less painful 

Romoser and Elzinga have each written 
comprehensive accounts which emphasize 
the general biology of insects rather than 


their classification or economic 
importance The Science of Entomology \s 
the larger book and 1s clearly intended for 
intermediate or advanced courses (second 
or third years in Britain, for North 
America, the author suggests a one- 
semester course) It nas a rather academic 
approach of the sort found in a good 
standard text such as Richards and 
Davies’s Imms’ General Textbook of 
Entomology (10th Edn, Wiley/Chapman 
& Hall, 1977) Romoser ranges from 
morphology and physiology to ecology and 
evolution, allotting a chapter each to 
applied entomology and systematics For 
completeness, an entomology course 
would need a more extended treatment of 
systematics based on a text such as 
Richards and Davies or Borror, DeLong 
and Triplehorn’s An Introduction to the 
Study of Insects (Sth Edn, Holt, Rinehart 
& Winston, 1981) In fact, such back-ups 
emphasized throughout the book, as 
demonstrated by the introductory section 
on entomological literature and by the 
impressive number of references cited 

Fundamentals of Entomology ıs an 
introductory-course book which aims to 
cover the whole of entomology at a more 
elementary level Again, ıt 1s based on 
general biology, but there 1s also a lengthy 
classificatory section with keys to both 
orders and major families It ıs profusely 
illustrated with line drawings and 
photographs, however, as in many 
zoological texts, the macrophotographs 
sometimes lack the clarity of the scanning 
electron micrographs and the precision of 
the line drawings Most of the topics have 
been treated by Elzinga ın a compact and 
readable manner, although it might have 
been wiser to omit some sections rather 
than over-reduce them, for instance, it 1s 
difficult to explain population dynamics ın 
eight pages 

Insect Physiology 1s a multi-author 
paperback which deals with only part of a 
large subject It 1s a clear exposition of 
homeostatic problems — from cell 
metabolism to nerves and muscles — 
although only about one-fifth of the book 
deals with behavioural physiology In spite 
of four authors, the chapters link together 
well and the diagrams are excellent A few 
key references are quoted at the end of each 
chapter to guide the studeni to the more 
important literature, I would have 
preferred a few more ın order to reach the 
most interesting topics more rapidly 
Although an introductory text, the book 
has the merit of conveying some of the 
fascination of recent research 1n this field 

All three books are welcome additions to 
the field of insect biology Elzinga can be 
recommended for a short, mtroductory 
course, Romoser for a major part of a 
longer, more advanced course, and 
Mordue for the up-to-date physiology 
section of a general entomology course 





MEG Evansisa Senior Lecturer in Zoology at 
the University of Manchester 
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Elements of Marine Ecology An 
Introductory Course, 3rd Edn By R V 

Tait Pp 356 ISBN 0-408-71054-3 

(Butterworths 1981 ) £8 95, $2250 The 
Estuarine Ecosystem By Donald 
McLusky Pp 150 Hbk ISBN 0-216- 
91115-X, pbk ISBN 0-216-91116-8 

(Blackie/Wiley 1981 ) Hbk £12 75, $29 95, 
pbk £625 The Ecology of Marine 
Sediments An Introduction to the Structure 
and Function of Benthic Communities By 
John S Gray Pp185 Hbk ISBN 
0-521-23553-7, pbk ISBN 0-521-28027-3 

(Cambridge University Press. 1981 ) Hbk 
£15, $34 50, pbk £6 95, $16 50 


AN ELEMENTARY text should not only 
provide a clear and comprehensive account 
of its subject, but ıt should also stress those 
areas where there 1s a consensus of view and 
give less prominence to more controversial 
subjects where current research has yet to 
resolve the pattern In doing so it will 
provide the reader with an _ historical 
perspective, identify the founders of class- 
ical works and provide up-to-date reviews 
— The third edition of Tate’s Elements of 
Marine Ecology achieves most of these 
objectives It differs little ın content from 
earlier editions and fully meets the needs of 
elementary students of marine biology who 
seek only the minimum of understanding 
of chemical and physical oceanography 
The reference lists have been considerably 
enlarged and the division into books for 
general reading and specific references to 
textual matters has been eliminated 
Neither of these changes seems particularly 
beneficial, other than to a reference 
collector The majority of classical marine 
biology works are included but so also area 
frightening number of minor papers The 
author therefore has done less than he 
might in guiding the student towards 
serious and essential reading Nonetheless, 
it remains a sound, well-ordered and very 
useful student text There are no obvious 
errors, except for the blatant misuse of the 
word ‘‘parameter”’ in the title of Chapter 4 
— alas, a fault now almost sanctioned by 
usage 

The Estuarine Ecosystem ıs aimed at a 
more specialized readership The first 
chapter includes some elementary con- 
sideration of the hydrography, sedimen- 
tary processes, species composition and 
food webs of estuaries It is a rather 
superficial account suffering from false 
simplification, perhaps on the wrong 
assumption that students of marine 
biology should not have to bite on hard 
science To take a simple example, sinking 
rates are discussed ın relation to the impact 
law for large particles and Stokes’ law for 
small ones, but the underlying reason 
behind the different approaches is not 
explained Neither the bounds over which 
the equations hold true nor their 
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derivations are given, yet this information 
is exactly what the intelligent student needs 
in order to grasp the relevant scientific 
principles In the same chapter, hydro- 
graphic features of estuaries are not fully 
discussed ın terms of estuary size and 
Salinity fluctuation, while recent work on 
the importance of rate of change of 
estuarine variables on the tolerance of 
animal species 1s not mentioned Indeed the 
diagrams showing species penetration into 
estuaries are related to ‘‘salinity’’, not even 
“‘mean salinity’? and certainly without 
reference to fluctuation 

Insufficient consideration ıs given to 
estuarine topography especially the 
influence of coastal emergence and 
submergence on estuarine form The book 
as a whole deals almost exclusively with 
British and eastern American coasts, 
omitting any consideration of Arctic and 
tropical estuaries In regard to the 
historical perspective of the subject, ıt fails 
dismally The names of Bowden, Ketchum 
and Redfield, and Riley never appear, 
while ın the place of the original figure 
depicting the mid-estuarine minimum ın 
faunal diversity, given by Alexander ef al m 
their classical paper of 1935, the author 
quotes only from his own book of 1971 

The book includes a useful accumulation 
of productivity data for estuaries, with 
many food web diagrams, but little of 
novelty or abstracted wisdom which 
cannot be found elsewhere The reference 
lists do not appear to be selective or 
exhaustive 

John Gray’s Ecology of Marine 
Sediments, though less weighty ın 
information, contains the essential 
material for the author’s purpose and a 
good historical background It aims to 
focus the minds of benthic ecologists on the 
interpretation of data in terms of modern 
ecological principles Gray seizes on the 
linearity of the log—normal distribution of 
individual numbers 1n relation to species as 
a good measure of community equilibrium 
in the absence of disturbance One would 
like to have seen a further extension of the 
philosophical basis of the idea, with a guess 
at the ecological meaning of the relevant 
Statistics 

The book contains thoughtful discus- 
sions on niches, diversity and faunal 
stability — ideas that are currently being 
tested by ecologists in many environments 
Finally, the author considers practical 
means of monitoring benthic communities 
in respect of long-term effects of pollution 
or of other factors that may control their 
Structure 

This volume affords good reading for 
the above-average student of marine 
ecology who 1s prepared to sit and reflect, 
and is essential for those engaged in 
research on the fauna of sediments Itis a 
valuable contribution to ecological theory 
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DJ Crisp is Professor of Marine Biology at the 
Marine Science Laboratories, Menai Bridge, 
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Functional Adaptations of Marine 
Organisms Edited by F John Vernberg 
and Winona B Vernberg Pp 347 ISBN 
Q-12-718280-2 (Academic 1981 ) $39 50, 
£26 20 Animal Osmoregulation By J C 
Rankin and J Davenport Pp 202 Hbk 
ISBN 0-216-91014-5, pbk ISBN 0-216- 
91015-3 (Blackie/Wiley 1981) Hbk 
£17 95, $39 95, pbk £8 95 


THESE two books have one common 
feature they represent attempts to relate 
various aspects of organismal function to 
environmental variables That edited by 
the Vernbergs 1s a multi-authored treatise 
whose main use will be as a source of 
reference Rankin and Davenport’s book ıs 
much more didactic ın 1ts approach, and it 
should find a wide audience amongst 
students and teachers of courses ın 
environmental physiology 

Functional Adaptations of Marine 
Organisms contains chapters written by 
specialists on primary production, 
bacteria, zooplankton, meiofauna, 
benthic macrofauna, pelagic macrofauna 
and deep-sea organisms In addition, the 
editors have provided an introductory 
chapter describing the ecological sub- 
divisions of the marine habitat Thıs ıs both 
welcome and necessary for the non- 
specialist reader Like most multi-authored 
works, however, the book’s coverage 1s 1n- 
adequate For example, the discussion of 
zooplankton is confined to copepods, and 
primary producers are reviewed largely 
from an ecological viewpoint Recent 
discoveries of communities of animals 
densely clustered around deep-sea, warm- 
water vents and dependent upon the 
primary production of chemosynthetic 
bacteria receive only brief mention Never- 
theless, the major shortcoming of the book 
is due to the inadequacy of the background 
data Although more could have been done 
to round out the material, this deficiency 1s 
not altogether the authors’ (or editors’) 
fault — precious little 1s really known 
about the functional adaptations of marine 
organisms, especially those in the less- 
accessibie parts of the sea 

Despite its shortcomings, the book 
should be a useful reference work for 
specialists and non-specialists alike 
Although no chapter represents an 
exhaustive review of the literature, most 
authors have included references to reviews 
and papers covering aspects of their sub- 
jects not discussed extensively ın their 
contributions 

Animal Osmoregulation presents a 
refreshingly uncluttered overview of not 
only the basic concepts of the subject, but 
also most of the currently-active fields of 
research The book starts with a considera- 
tion of basic principles, the explanations of 
which should be of sufficient clarity to be 
understood readily by the average under- 


graduate Following this come discussions 
of the adaptations of animals to various 
habitats, from the sea to brackish water, 
fresh water and land Specialized adapta- 
tions of osmoregulatory mechanisms, such 
as the mammalian kidney, buoyancy and 
to life in acid and alkaline waters, are also 
covered The examples used to illustrate 
the various adaptations are highly selective 
and several are drawn from the research of 
the authors and their associates Perhaps ıt 
1s this personal experience of much of the 
research underlying the material which 
gives the narrative an admirable lack of 
dogmatism Aware of the highly-variable 
nature of most data, they tend to generalize 
with caution 

The final chapter of Animal Osmoregu- 
lation deals with some of the common 
physiological and behavioural techniques 
used in studies of osmoregulation The 
description of physiological techniques 
may provide useful background, but the 
short discussion of behavioural techniques 
should prove more valuable, especially as 
the basis of classroom experiments or 
demonstrations o 





JA Riegel is a Reader in Zoology at Westfield 
College, University of London 


Adaptation to supply 
and demand 
Garth Chapman 


Animal Physiology Adaptations in 
Function ByF Reed Hainsworth Pp 669 
ISBN 0-201-03401-8 (Addison-Wesley 
1981 ) $25 95, £10 95 





HAINSWORTH’S Animal Physiology 
declares itself to be ecological and 
comparative by its subtitle but only 
discloses the fact that it ıs ‘‘organized 
around’’ an ‘‘economic theme for 
comparative physiology” in the preface 
The ammal’s balance sheet of benefits and 
costs uses the currency of resources and 
concludes about joules and survival what 
Mr Micawber concluded about pence and 
happiness 

This ıs certainly an mmportant theme but ıt 
becomes a little tedious by reiteration How- 
ever heuristically valuable such an approach 
may be when applied to resources such as 
oxygen, food, water and salts, it 1s less 
directly applicable to that large and 
distinctive part of animal physiology which 
1s concerned with reception, co-ordination 
and response Accordingly, perhaps, the 
section dealing with these topics 1s placed at 
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the end of the book Although not 
neglected, less prominence Js given to them 
and to the current tenets of membrane 
physiology on which they are based than in 
some recent texts such as Goldstein’s 
Introduction to Comparative Physiology 
(Holt, Rinehart & Winston, 1977) and 
Eckert and Randall’s Animal Physiology 
(W H Freeman, 1978) where they follow 
the opening chapters on physical and 
chemical principles 

In style the book ıs densely and 
didactically written but the terse 
generalization ıs usually supported by 
example or the brief report of an 
observation or experrment Nevertheless, I 
found myself wondering whether an 
introductory text ought not to lead readers 
more gently along the path of interest 
rather than seek to impress them with sheer 
quantity of information Unlike some 
bulky and extravagant textbooks, this one 


Textbook Supplement 


is handy and well produced apart from a 
few gimmicks such as two contents hsts, 
one short and obscure and one detailed and 
eleven pages in length! There ıs no 
indication of part or section 1n the running 
headlines, which makes cross-reference 
difficult since such references are 
frequently indicated by subdivision and 
not by page Bibliographical references 
(not indicated ın the text) are divided into 
annotated, at the end of each part, and 
“credit? — whatever they may be — at the 
end of the volume 

In short, this seems a somewhat 
daunting introductory text to read 
although good indexing increases its value 
to an industrious student for purposes of 
reference and study o 


Garth Chapman ıs Professor of Zoology at 
Queen Elizabeth College, University of 
London 
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Understanding Enzymes By Trevor 
Palmer Pp 405 Hbk ISBN0-85312-202-4, 
pbk ISBN 0-85312-307-1 (Ellis Horwood, 
Chichester/Halsted 1981) Hbk £25, 
$80 95, pbk £9 50 Molecular Enzymology 
By Chnstopher W Wharton and Robert 
Eısenthal Pp 326 ISBN 0-216-91012-9 
(Blackie/Wiley 1981) £1975, $46 95 
Isoenzymes By CC Rider and CB 
Taylor Pp 78 Pbk ISBN 0-421-15640-7 
(Chapman & Hall/Methuen 1981 ) £2 45, 
$5 95 Enzyme Kinetics The Steady-state 
Approach, 2nd Edn By P C Engel Pp 96 
Pbk ISBN 0-412-23970-1 (Chapman & 
Hall/Methuen 1981 ) £2 45, $5 95 





THERE 1s hardly acorner of biochemistry or 
molecular biology — not to mention the 
cognate biological and chemical sciences — 
where modern ideas of enzymology have 
not intruded to good effect The study of 
enzymes 1s therefore properly an important 
part of all degree courses in these subjects, 
and there continues to be no shortage of 
authors willing to try their hand at 
providing the necessary textbooks 

Dr Palmer’s offering, Understanding 
Enzymes, attempts to cover all of the 
fascinating aspects of enzymes, from their 
biosynthesis to their structure, chemical 
mechanisms and kinetics, from their place 
in metabolism to their use ın medicine and 
industry It 1s an heroic task but one of 
dubious practicability — witness how few 
authors have followed the trail so 
comprehensively blazed by Dixon and 
Webb ın their classic first edition of 
Enzymes, published by Longman Thus one 
should not be surprised that in the volume 
under review, which 1s furthermore written 
by a single author, the coverage 1s uneven 
and appears to rely heavily on secondary 


sources It 1s sad to record that some of 
those sources are significantly out of date 
For example, in the short chapter on 
protein structure nothing published since 
1970 ıs suggested for further reading, the 
chapter on biosynthesis of proteims (surely 
now misplaced ın a book on enzymes) has 
no specialist reference later than 1974, and 
the chapter on metabolic regulation 
includes a diagram of the cell that places 
the cisternae of the rough endoplasmic 
reticulum in unrestricted communication 
with the extracellular environment The 
kinetics of enzymes are dealt with more 
extensively and sympathetically, and the 
later sections on technological and medical 
applications of enzymology cover a wide 
range of topics Each of the 20 chapters 
concludes with a useful summary of its 
contents and most carry a set of problems 
and answers In what I take to be an 
otherwise commendable attempt to lower 
costs, many of the illustrations, though 
clear, appear to have been left as sketches, 
which adds a slightly makeshift air to the 
printed page 

All in all, I cannot see this book 
supplanting the more narrowly based texts 
on which the undergraduate teaching of 
enzymology normally rests, though the 
convenience of a broad range of topics 
falling within a single volume may 
commend it to those with less stringent 
needs 

A new contender for a place among the 
more specialized texts 1s Molecular 
Enzymology by Wharton and Eisenthal, 
which assumes a basic knowledge of 
university biochemistry and chemistry 
The approach 1s first to tackle the chemical 
aspects of catalysis and the properties of 
enzymes as proteins, to develop ideas ın 
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enzyme kinetics and then to deal in some 
depth with the mechanisms of eight or nine 
selected enzymes as examples The book 
concludes with a return to the practical 
problems of studying enzyme kinetics ın 
the laboratory The treatment 1s clear and 
conventional, cuts few corners and makes 
plain the complementarity of the different 
methods, it should appeal particularly 
to those with a background in the phy- 
sical sciences The bibliography 1s 
sound and extensive The authors eschew 
the usual efforts to represent three- 
dimensional events on paper in favour of a 
more descriptive turn-by-turn account of 
the involvement of amino acid side-chains 
and other functional groups, an approach 
with which I do not altogether agree And 
at the risk of a charge of chauvinism, I 
suggest that any new text on molecular 
enzymology that largely neglects protein 
mobility and dynamics, multienzyme 
systems and multifunctional proteins 
cannot be regarded as complete These 
quibbles apart, I found little to quarrel with 
and expect the book to find an honourable 
place ın university reading lists 

Finally, ıt 1s a pleasure to notice two 
further additions to the series of Outline 
Studies in Biology The first, Enzyme 
Kinetics by Engel, 1s the second edition of 
his successful account of steady-state 
kinetics and their contributions to 
problem-solving ın enzymology The 
second, Isoenzymes by Rider and Taylor, 
describes the importance of isoenzymes 1n 
a broad range of biochemical and medical 
contexts Bothareclear, unpretentious and 
informative, ın accord with the general 
style of this well-known series O 





RN Perham ıs Reader in Biochemistry of 
Macromolecular Structures at the University of 
Cambridge, and a Fellow of St John’s College, 
Cambridge 


Spanning a bridge 
Peter H.W. Butterworth 
Biochemistry, 2nd Edn By Lubert Stryer 
Pp 949 Hbk ISBN 0-7167-1226-1, pbk 


ISBN 0-7167-1306-3 (WH Freeman 
1981 ) Hbk $32 95, £24 40, pbk £12 95 





THERE are a lot of biochemistry textbooks 
and, as the borders of the subject continue 
to be extended, there will be more Some 
adopt a particular emphasis, others 
attempt a comprehensive approach to the 
subject Lubert Stryer’s text belongs to the 
latter genre and ıt ıs doubtful whether there 
will be another which will appeal to the 
student as strongly as this one does When 
the first edition appeared, immediate 
reaction was dominated by the impact of 
the remarkable illustrations and the 
succinct text Famularity with the book 
brings with it the realization of how 


486 


Textbook Supplement 


Nature Vol 295 11 February 1982 





ingeniously interdependent these facets 
are the illustrations are not just attractive 
but they are required and used to support 
the concise style of the text At the same 
time, the student 1s provided with a graphic 
framework into which complex concepts 
often seem to sit with comfort 

Every author of a basic biochemistry 
textbook 1s faced with two decisions first, 
at what level to pitch the book and second 
where to beginandend Stryer seems to aim 
unashamedly for the ‘‘early under- 
graduate’’, yet the brevity of the text often 
belies ıts depth’ the author has a unique 
ability to expound difficult concepts in a 
few words As biochemistry constitutes a 
bridge between physical and biological 
sciences, the limits are difficult to define 
and, regardless of how far apart the covers 
are, 1t would be impossible to satisfy every 
whim Here the subject matter 1s very 
broadly based and the student 1s required 
to accumulate background knowledge of 
the physical sciences, organic chemistry, 
cell biology and basic molecular genetics 
from elsewhere Nevertheless, one of the 
strengths of this textbook ıs that ıt can be 


Whole chemistry? 


Peter Garratt 





Chemistry: An Introduction to General, 
Organic, and Biological Chemistry By 
JoanneM Widom and Stuart J Edelstein 
Pp 799. ISBN 0-7167-1224-5 (WH 
Freeman 1981 ) $23 95, £16 60 Atoms, 
Molecules, and Life: An Introduction to 
General, Organic, and Biological 
Chemistry. By Michael S Matta and 
Antony C Wilbraham Pp 721 ISBN 
0-8053-9640-3 (Benjamin/Cummings 
1981 ) $22.95, £14 95 Basic Chemistry of 
Life By Milton Toporek Pp 521 Pbk 
ISBN 0-8016-5002-X (C V Mosby 1981 ) 
$7 95, £12 





THESE three texts are all directed at North 
American students of the life sciences and 
each presupposes little previous exposure 
to chemistry Chemistry and Atoms, 
Molecules, and Life (AML) declare the 
same interest ın their mutual subtitle, while 
the third, Basic Chemistry of Life (BCL), 
intends to provide a base ın chemistry on 
which the student may build an under- 
standing of the complex processes of life 
How are they to do this in less (BCL 
considerably less) than 1,000 pages? 
Clearly there must be selection and much of 
the treatment must be superficial For 
example, atomic structure ıs treated by 
BCL ın six pages and no student could have 
any basis for a further understanding of 
this subject after reading these Both of the 
other books treat this topic in more detail, 
Chemistry making a valiant attempt to 
promote the ideas of quantum mechanics, 
whereas AML 1s rather cloudy on this issue 


appreciated before the background ıs 
complete 

It 1s not surprising that this second 
edition 1s bigger than the first Neither ıs ıt 
surprising that many of the illustrations ın 
the first edition have been updated and 
many more have been added, a major 
effort has been made to get across the 
concept of the integration of metabolic 
processes and the text has been extended 
greatly to accommodate major advances ın 
the subject, particularly in the area of 
molecular biology 

Textbooks for major subjects often 
present a daunting prospect where they 
should foster the enthusiasm of the student 
and provide a realistic challenge. The 
response to Stryer 1s generally enthusiastic 
for a textbook, that 1s an accolade The 
only penalties for confronting so massive a 
task may be that the compact style some- 
times excludes subtlety and may not leave 
room for mystery, the solving of which will 
provide the material for the next edition. O 


Peter H W Butterworth ts Reader in Bio- 
chemistry at University College London 


Chemical bonding 1s initially introduced ın 
all three texts by ‘‘dot formulae’’, 
Chemistry and AML developing the 
subject further to indicate the three- 
dimensional shape of molecules All of the 
texts attempt to provide a foundation in 
physical chemistry, with an emphasis on 
those topics of interest to biologists 
Electrolytes and non-electrolytes, 
solubility, osmosis and pH are all discussed 
ın some detail and illustrated with 
biological examples, thus, for example, 
osmosis 1s described by the effect of 
changes 1n extracellular salt concentration 
on the red blood corpuscles Each book 
includes a substantial section on organic 
chemistry, starting with methane and 
ending with nucleic acids and the genetic 
code Both AML and BCL have extensive 
sections on biochemistry 

Of the three, BCL has the most 
medically orientated approach, the least 
basic chemistry and would require 
considerable elaboration on the part of the 
lecturer to give the student any real 
understanding of the subject It virtually 
ignores the three-dimensional structure of 
molecules, and conformation 1s no where 
introduced The consequences of three- 
dimensional structure 1s an area m which 
none of these texts is consistently 
satisfactory, thus although AML shows 
that the steroids are chair structures, ıt does 
not indicate how this influences the 
stereochemistry of the system, whilst 
Chemistry, though clearly indicating the 
stereochemistry, does not mention the 
conformational consequences All of the 
texts use Haworth formulae for the 
carbohydrates and although Chemistry 
does introduce the conformational 


formula for glucose ıt does not exploit ıt 
Chemistry as its title suggests, 1s most 
clearly directed towards the exposition of 
this science and, starting from the four 
elements and ending with global 





biochemical problems, it represents an 
impressive attempt to encompass both the 
essential and the exciting new aspects of the 
subject within a single volume 

The print of all three books 1s excellent 
and chemical structures are clearly 
illustrated, Chemistry and AML 1n two- 
tone, BCL in monochrome Each provides 
problems, often with answers, and 
Chemistry has available both a study guide 
for the student and a manual for the 
instructor The latter provides answers for 
those questions without textual answers, 
test questions and suggestions for 
demonstrations C 





Peter Garratt is Reader in Chemistry at 
University College London 


Beyond description 
H. Hassall 


Basic Mathematics for Biochemists By 
Athel Cornish-Bowden Pp 137 Hbk 
ISBN 0-412-23000-3, pbk ISBN 
0-412-23010-0 (Chapman & Hall/ 
Methuen 1981) Hbk £795, $17 95, 
pbk £3 95, $8 95 Quantitative Problems in 
Biochemistry, 6th Edn By Edwin A 
Dawes Pp 335 ISBN 0-582-44402-0 
(Longman 1980) £13 95, $32 
Biochemistry A Problems Approach By 
Wiliam B Wood et al Pp 498 ISBN 
0-8053-9840-6 (Benjamin/Cummings 
1980 ) $14 95, £8 95 





YEAR after year, with only one or two 
exceptions, the questions that are done 
least well ın biochemistry examinations are 
those involving calculations and data as- 
sessment Mass panic ripples through the 
examination rooms and those pain- 
stakingly constructed subtleties of the 
examiners, the diauxic inflections of the 
growth curve, the sigmoidicity of the 
Michaelis-Menten graph or the slight 
curvature of the Yphantis plot, are either 
missed or explained as experimental error 
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If these three books have a common 
objective, as I believe they have, then ıt 1s to 
encourage a more quantitative treatment 
of the subject However, each 1s different 
in its approach and has something unique 
to offer 

Basic Mathematics for Biochemists 1s the 
shortest of the three and has a straight- 
forward aim — to rectify deficiencies in the 
mathematics needed to understand 
modern biochemistry It begins reas- 
suringly simply (almost too simply ın that 
one 1s told that 2 means 2x2 = 4) but ıt 
does go on to cover integral and differential 
calculus, matrices and _ partial 
differentiation The examples used have a 
biochemical origin and, taken as a whole, 
one 1s impressed by just how much ın- 
formation the author has been able to get 
into a book of 137 pages Clearly, the 
students who assimilate its contents would 
have more than enough mathematics to 
cope with any first-degree course in 
biochemistry 

The book by Edwin Dawes, Quantitative 
Problems in Biochemistry, should need no 
introduction It 1s now in its sixth edition 
and, coincidentally, in its sixth language 
At the time of the first edition ıt must surely 
have been one of the first books ofits kind, 
and the familiar style and content have 
altered only httle over the years despite 
some changesin format Thereisanew and 
useful chapter on membrane bioenergetics, 
this addition being balanced by a pruning 
of the text elsewhere With respect to the 
problems themselves, the book relies 
heavily on the presumably well-tried and 
tested finals examination questions from 
biochemistry degree courses ın British 
universities Few of these, however, have 
been updated since the last edition 

The third book, Biochemistry A 
Problems Approach, has a different 
emphasis to the others It ıs really a 
textbook of biochemistry using data assess- 
ment and questions to illustrate the prin- 
ciples, rather than just a book of problems 
with biochemistry as the source of 
material The approach, while clearly not 
new, 1s refreshing It has a chatty, personal 
style and although Fluhardy Pharmaceuti- 
cals, Dr F Holding Munney and Dr Klassik 
appear (but only briefly) as the bodies 
faced with problems, the information that 
is conveyed ıs no less valuable, who knows, 
perhaps interest actually 1s more readily 
stimulated this way Most of the questions 
are particularly searching and are balanced 
by full explanations in the answers The 
text ıs comprehensive, ranging in 21 
chapters from the ‘‘Clinical Characteristics 
of Living Matter’’ through to 
‘Recombinant DNA and Genetic 
Engineering’ The treatment is even, and 
while the book 1s not meant to replace 
standard texts such as Lehninger or Stryer, 
it complements them well and 1s good value 
at the price o 





H Hassallıs Senor Lecturer in the Department 
of Biochemistry, University of Leeds 


Physical chemistry: sugar in the medicine 


S.P Spragg 


Physical Chemistry With Applications to 
Biological Systems, 2nd Edn By Raymond 
Chang Pp 659 Hbk ISBN 0-02-321040-0, 
pbk ISBN 0-02-978355-0 (Collier 
Macmillan/Macmillan, New York 1981 ) 
Hbk £16 50, $24 95, pbk £10 50 Physical 
Chemistry for the Life Sciences, 2nd Edn 

By Garry M Barrow Pp 468 ISBN 
0-07-003858-9 (McGraw-Hill 1981 ) 
$32 95, £18 25 


IF ONE consults biological colleagues on 
what physical concepts they wish they had 
learnt as students, two extreme views 
appear there are those who feel they 
prospered without needing physical 
chemistry, while others consider that 
physical chemistry 1s central to therr branch 
of biology The fact that two extremes are 
quoted by leaders in their fields confirms 
the view that some parts of biology can be 
pursued without an understanding of 
physical chemical principles, but 1f one 1s 
educating on a broad front then exposure 
to physical chemistry cannot be a bad 
thing The question ıs, should we apply the 
old adage often used when preparing 
medicines, namely tt must be good because 
it tastes so bad? Personally, I feel this 1s not 
necessary because all principles of physics 
and biology can be explained attractively 
and clearly despite their complexity These 
thoughts were uppermost ın my mind when 
reading the new editions of these two 
books 

Both texts are written in éttractive styles 
and each depends on the working of simple 
numerical examples to illustrate the 
principles The contents cover the full 
range of modern physical chemical ideas, 
carefully written using the properties of 
biological molecules for the examples 
The authors have made considerable ım- 
provements over the first editions, mainly 
by expanding the discussions on thermody- 
namics Both have rearranged the sequence 
of topics so that thermodynamics precedes 
spectroscopy There are also more worked 
examples in the texts and more problems for 
the students to tackle (with answers at the 
end of the book) here Chang differs from 
Barrow since he has indicated which prob- 
lems are more advanced Chang has also 
expanded and moved the mathematical 
derivations of equations to the end of the 
appropriate chapters Barrow follows a 
similar arrangement but unlike Chang he 
mixes mathematics with the particular ap- 
plications of the chapter 

Both authors have introduced modern 
views into all topics, and I was particularly 
pleased to see that they have explained how 
transition state theory for solutions differs 
from that for a gas, as well es providing 
models for diffusion-controlled reaction 
(Chang ıs better here) They have also 
squeezed ın descriptions of relaxation 
methods for studying rates of reactions 


As one would expect when comparing 
the products of two experienced teachers, 
there are differences ın presentation for 
example, Chang employs more diagrams 
than Barrow My lasting impression was 
that Barrow contained more detail than 
Chang on subjects embraced by hydro- 
dynamics, however, aspects such as wave- 
mechanics appeared to be more complex in 
Barrow than Chang Also, I found that 
Chang’s index was not as comprehensive as 
Barrow’s Yet these are details and 
students are as different as reviewers 1n 
their selection of material So, since both 
books can be recommended, I suggest that 
prospective buyers dip into each of them 
before deciding which approach best suits 
their own personality o 


SP Spragg ıs Semor Lecturer in Physical 
Chemistry at the University of Birmingham 


Talking of organic 
chemistry 
John Mann 


The Vocabulary of Organic Chemistry By 
Milton Orchin et al Pp 609 ISBN 
0-471-04491-1 (Wiley 1980 )£18 75, $43 75 

Introduction to Organic Chemistry, 2nd 
Edn By Andrew Streitwieser and Clayton H 

Heathcock Pp 1,258 Hbk ISBN 0-02- 
418050-5, pbk ISBN 0-02-978310-8 

(Collier Macmillan/Macmullan, New York 

1981 ) Hbk £18 95, $28 95, pbk £995 A 
Guidebook to Mechanism in Organic Chem- 
istry, Sth Edn By P Sykes ISBN 0-582- 
44121-8 (Longman 1981 ) £7 50, $16 95 


LINGUISTS have prepared lists of key words 
and expressions for most languages, but 
The Vocabulary of Organic Chemistry 
represents the first real attempt to do the 
same for organic chemistry The intention 
of the authors was to “ identify the 
fundamental vocabulary of organic 
chemistry and then to present concise, 
accurate definitions with examples where 
appropriate ” and in this they have 
been eminently successful They define 
some 1,350 terms and concepts, with 
entries ranging 1n length from one line to a 
page 

The compendium 1s organized into 15 
chapters, and commences with a concise 
introduction to symmetry, followed by a 
series of mathematical definitions 
pertaining to wave and quantum 
mechanics In this second chapter the 
sections on bonding and orbitals are 
particularly good Structural aspects of 
hydrocarbons are covered in Chapter 3, 
followed by acomprehensive list of organic 
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functional groups, including 35 containing 
sulphur and 24 containing phosphorus, 
this chapter thus provides a far better 
source of such information than any 
undergraduate textbook on the market 
_ Stereochemistry and conformational 
analysis appear ın Chapter 5, and this 
compilation of terms 1s most timely since 
there ıs ever-increasing attention paid to 
the stereochemical aspects of organic 
chemistry in the research literature In 
addition, many undergraduates have 
difficulty distinguishing between terms 
such as ‘‘stereoselective’’ and 
““stereospecific’’, or in understanding the 
significance of *‘prochiral hydrogens’’ and 
“asymmetric induction’’, and this chapter 
provides accurate and easily understood 
definitions for all of the commonly 
encountered terms 

Polyfunctional compounds are dealt 
with in Chapter 6, and this includes 
coverage of sugars and amino acid 
derivatives Here, I feel too much stress 1s 
laid on Fischer projection formulae and 
there 1s scant mention of more realistic 
cyclic structures, also, the amino acid and 
protein section is too short to be really 
useful — surprisingly, the terms ‘‘enzyme’’ 
and ‘‘active-site’’ do not appear Chapter 7 
contains a useful collection of terms 
pertaining to separation techniques, 
following which there 1s excellent coverage 
of ions and electron deficient species This 
1s also timely since there 1s often confusion 
over the terms ‘‘carbocation’’, 
“carbonium 10n”’ and ‘‘carbenium 1on’’, 
and these are all unambiguously defined 
Essential thermodynamics (Chapter 9) 
then precedes a classification of organic 
reaction mechanisms, and this latter 
chapter should be particularly useful for 
undergraduates since it also includes 15 
pages encompassing topics such as orbital 
correlation diagrams, the Woodward- 
Hoffmann rules, and the frontier orbital 
approach to mechanism It1s interesting to 
note that the same number of pages 1s given 
over to these topics in Streitwieser and 
Heathcock, but the clarity of the coverage 
1s greater in The Vocabulary 

The outstanding chapter then follows, in 
which 159 name and type reactions are 
discussed, with a mechanism given for each 
of them This would make an excellent 
90-page monograph ın its own right, it 
certainly highlights the reason behind the 
oft-heard lament of the undergraduate 
“‘There’s too much to learn in organic 
chemistry’’ Chapter 12 1s entitled 
*‘Organometal Chemistry’’, but contaims 
little of relevance to organometallic 
chemistry The term ‘‘cuprate’’, for 
example, does not appear, yet this ıs much 
more a part of the vocabulary of modern 
organic chemistry than are the terms 
“‘ligand field theory” and ‘‘edge-bridging 
ligand’’ Chapter 13 commences with a 
rather awkward definition of ‘‘natural 
product’’, and ıt would perhaps have been 
better to define the terms ‘‘primary 
metabolite” and ‘‘secondary metabolite” 
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This said, however, the chapter has good 
sections on cofactors and on all of the 
major biosynthetic pathways and classes of 
secondary metabolites Finally, there are 
useful chapters on polymers and industrial 
processes, mainly those involving fossil 
fuels 

There ıs perhaps only one major 
omission in the book (and the authors 
recognize this), and that ıs coverage of 
spectroscopic methods The book 1s 
beautifully produced with excellent 
structures throughout, and includes well- 
chosen examples and a good index In parts 
1t ıs reminiscent of a book of revision notes, 
but this may endear it to undergraduates 
Overall, it 1s a unique and very useful 
reference work, all organic chemists should 
find something of interest within its pages 

Streitwieser and Heathcock have madea 
number of changes of organization for the 
second edition of their popular textbook, 
and the sections on organometallic 
chemistry, C-NMR, and sulphur and 
phosphorus chemistry have been 
expanded One omission 1s the useful 
appendix on functional group preparations 
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which was popular with undergraduates 
using the first edition This book and 
Solomons’s Organic Chemistry (for review 
see Nature 289, 721) are two of the most 
popular organic texts onthe market There 
1s little to choose between them, though the 
two-tone illustrations in Solomons perhaps 
give it a slight edge 

Finally, any book that has reached its 
fifth edition and been translated into sıx 
foreign languages must be rated a success 
Such 1s the volume by Peter Sykes — a text 
that has probably been used by most 
chemistry undergraduates at one time or 
another There were major revisions for 
the fourth edition, and the only important 
change for this edition 1s the inclusion of a 
chapter on linear free energy relationships, 
which further increases the utility of the 
bock It will be interesting to see if The 
Vocabulary ıs read as widely and pro- 
ceeds through as many editions — I See 
no reason why it should not achieve this 
distinction oO 


Joan Mann is a Lecturer in Organic Chemistry 
at Reading University 


Theory guides, but experiment decides 


Gary O. Spessard 


Spectral and Chemical Characterization of 
Organic Compounds A Laboratory 
Handbook, 2nd Edn By W J Criddleand 
GP Ellis Pp115 Hbk ISBN 0471- 
27813-0, pbk ISBN 0-471-27812-2 (Wiley 
1980 ) Hbk £13, $30 90, pbk £4 50, $10 70 
Operational Organic Chemistry <A 
Laboratory Course By John W Lehman 
Pp 671 ISBN 0-205-07146-5 (Allyn & 
Bacon 1981 ) $24 95, £9 95 


THE task of introducing students to the ex- 
perimental side of organic chemistry can be 
an awesomely difficult one, not only 
because of the wide variety of vocational 
goals and interests one encounters, but also 
because there are so many aspects of the 
subject which ought to be considered 1n any 
laboratory course These aspects essential- 
ly centre on the synthesis and characteriza- 
tion of compounds Criddle and Ells in 
their Spectral and Chemical Characteriza- 
tion of Organic Compounds address the 
latter concern, while Lehman’s Opera- 
tional Organic Chemistry endeavours to 
cover both synthesis and characterization 
The second edition of Criddle and Ellis’s 
text is only slightly modified from the first 
which appeared five years ago For exam- 
ple, small additions and modifications 
appear in the notes explaining the chemical 
bases for the functional group tests in 
Chapter 2, in the section on interpretation 
of spectral data in Chapter 3 and ın 
Chapter 5 where extensive tables of 
physical data are found Using a step-wise 
approach, hints on how to interpret the 
results of chemical and spectral tests in 


addition to compendia of physical data on 
compounds and their derivatives are 
presented ın a compact style While concise 
and informative, the book must be sup- 
plemented, as the authors point out, with 
more comprehensive works on the 
chemical bases of function group tests, the 


-cnemistry of derivatization and practical 


spectroscopy No mention 1s made of the 
use of chromatography ın analysing and 
separating mixtures, and only the briefest 
reference is given to safety in regard to 
handling reagents (often quite toxic) 
typical of the organic ‘‘qual’’ laboratory 
As long as access to more complete sources 
of information 1s possible, this text can 
usefully serve as a guide for students ın- 
volved in the qualitative analysis segment 
of a regular organic laboratory course or ın 
one concerned with characterization alone 

Operational Organic Chemistry 1s 
another addition to the spate of laboratory 
manuals currently available The author 
suggests that working ın the laboratory 
involves performance of a series of opera- 
trons such as filtration, extraction or spec- 
tral analysis from the start to the finish of 
an experiment The student should gain an 
appreciation of these operations, described 
separately in the text, by learning to per- 
form them within a series of preparative 
and analytical experiments Superb back- 
ground essays are included which en- 
courage student involvement in the 
chemistry behind each experiment by sug- 
gesting roles (such as working as a chemist 
for a perfume manufacturer) students may 
assume while working ın the laboratory I 


E nen 
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especially like the emphasis on pre- 
laboratory preparation whereby students 
are directed to read certain text sections 
and to complete specific exercises before 
working on an experiment 

The menu of practical exercises includes 
many of the ‘‘old reliables’’ as well as 
several new ones, suggestions for addı- 
tional work are provided in the form of 
‘‘minilabs’’ and  ‘‘experimental 
variations’? Potentially attractive to 
students with biologically-related interests 
is the extensive use of natural products 
because, as Lehman states, ‘‘they often 
cost less, smell nicer, and are more pleasant 
to work with than purely synthetic 
analogs” Safety 1s treated thoroughly and 
conscientiously throughout the book Ido 
have reservations, however, about the 
pedagogical benefits to be gained from the 
synthesis of azo dyes or the use of 
toluene-2,4-dusocyanate for polyurethane 
synthesis ın light of the chemical hazards 
involved The sections ın the text on spec- 
tral techniques are adequate but not as 
good as those found in Introduction to 
Organic Laboratory Techniques by Pavia 
et al Nonetheless, in spite of these minor 
criticisms, the book 1s rather unique ın its 
approach and one which 1s well worth con- 
sidering for adoption O 





Gary O Spessard is Associate Professor of 
Chemistry at St Olaf College, Northfield, Min- 
nesota 


Atkins anew 


Maurice Rigby 


Physical Chemistry, 2nd Edn By P W 
Atkins Pp 1,095 Hbk ISBN0-19-855150-9, 
pbk ISBN 0-19-866151-7 (Oxford Univer- 
sity Press/W H Freeman 1982 ) Hbk £25, 
$29 95; pbk £10 95 Physical Chemistry By 
J Phihp Bromberg Pp 882 Hbk ISBN 
0-205-06572-4, pbk ISBN 0-205-06867-7 
(Allyn & Bacon 1980 ) Hbk $27 95, £22 25, 
pbk £9 95 


IN THE past few years several candidates 
have presented themselves as potential 
successors to established and widely- 
used general textbooks of physical 
chemistry such as W J Moore’s Physical 
Chemistry (Longmans/Prentice-Hall, 
1972) and GM _ Barrow’s Physical 
Chemistry (McGraw-Hill, 1979) One of 
the most successful has been that of P W 
Atkins, first published in 1978 and rapidly 
followed by acorrected reprint, which now 
appears in a second edition The first 
edition of this work was notable for a 
generally well-judged level of coverage of 
most aspects of the subject, and for the 
fresh and accessible presentation of 
difficult concepts 

In the new edition these desirable 
qualities have been retained, and some 
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omissions and slight imbalances have been 
rectified Thereisacompletely new chapter 
dealing with macromolecules — a subject 
sadly neglected in the first edition — and 
many figures have been changed, with the 
introduction of computer graphics In 
addition the treatment of chemical 
bonding, which was previously rather 
brief, has been amplified, and the 
introductory material on statistical 
mechanics has been simplified 

Comparisons between corresponding 
sections of the two editions reveal 
numerous small changes, supporting the 
claim that all sections of the book have 
been reconsidered My overall impression 
is of an excellent textbook which has 
become even better, and which seems sure 
to enjoy continued popularity in the 
future Who, ın any case, could resist a 
physical chemistry book which considers 
(p 103) the musical implications of a dying 
ocarina player? 

Against such competition, yet another 
general textbook will have to be very good 
if ıt ıs to wean readers away from the 
established sources J Philip Bromberg 
has taken up this challenge but has not 
completely persuaded me The author 
claims to have aimed to present the subject 
at the mid-college level, and has 
consciously refrained from producing an 
encyclopaedia of physical chemistry For 
this ambition he should be congratulated 
— at least one recent text has seemed to be 
aimed more at the readership of Annual 
Reviews of Physical Chemistry than at an 
undergraduate audience 

The book follows a fairly well-worn path 
from the gas laws through thermo- 
dynamics, statistical mechanics, quantum 
mechanics and reaction kinetics, giving 
quite formal and detailed coverage of the 
necessary theoretical development though 
not neglecting to draw attention to the 
practical relevance of the subject, where 
appropriate Itis liberally interspersed with 
short biographical sketches of notable 
scientists, which may help to give students 
some feeling for the development of the 
subject The overall balance appears to 
emphasize thermodynamics and quantum 
mechanics, which are respectively 
developed classically and axiomatically 
Electrochemistry and surface chemistry 
appear as applications of thermody- 
namics, and there ıs no mention of catalysis 
or of non-equilibrium aspects of electro- 
chemistry The treatment of reaction 
kinetics 1s short and repeatedly uses 
a rather laborious analogy with molecu- 
Jar effusion, the merits of which are 
not immediately apparent In short, 
although the book has some attractive 
qualities, and I shall try to arrange for a 
copy to be available ın our college library, I 
do not believe that ıt will replace its rivals in 
a majority of chemistry departments E 





Maurice Rigby ts a Lecturer in Chemistry at 
Queen Elizabeth College, Unrversity of 
London 
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This book ıs a primer and reference on 
probability, segregation, assortment, 
linkage and mating systems for 
biomedical scientists who breed and 
use genetically defined laboratory 
animals for research 


It is organised so as to be useful to 
‘novices’ and ‘experts’ alike The 
former will find an orderly 
development of the probability aspects 
of transmiss‘on tests, segregation 
analysis, allelism tests, independence 
tests, linkage analysis and mapping 
They will see how to design genetic 
experiments to yield data which can 
be analysed and they will also find a 
clear exposition of the theoretical 
consequences of various breeding 
systems which will enable them to 
make rattonal choices as to the kinds 
of animals to use in their own 
research 


Experts will find that the most 
frequently used formulae needed for 
estimating various genetic parameters 
and their random sampling variances 
are assembled ın tables or are clearly 
set forth in the text and that the 
extensive table of contents and 
detailed index will enable them to find 
the necessary formulae quickly 


LEVEL Professional, graduate, 
undergraduate reference 


February 1987 £20 00, 256pp, ISBN 0 333 
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The first results of measurements of divergence and vertical velocity of cloud features in the atmosphere of Jupiter are 
presented from analyses of Voyager images, performed using the interactive planetary imaging processing system at 
University College London Active equatorial plumes are found to have typical divergences of ~(1-2)x10~°s~", and 


vertical velocities of 20-40 cm s~ 


1, during the observational periods examined These plumes are considerably more anue 


than the bright albedo features in the turbulent regions of the Jovian north and south equatorial belts 





OBSERVATIONS made by the Voyager imaging and IRIS 
instruments of the equatorial region of Jupiter have shown 
details of trains of white plume features moving ın a westerly 
direction, with cloud material spreading out behind small bright 
centres of rising motion’ The plume centres are positioned at 
about 9°N A total of 13 features were seen at the time of the 
Voyager 1 encounter, with four active centres* Four months 
later, in July 1979, at the time of the Voyager 2 encounter, the 
structure of this region had changed so that only 11 features 
were evident and three had active centres? 

It has been suggested’ that the plumes are mesoscale con- 
vective structures, formed as a travelling wave disturbance ın a 
manner similar to that found ın the Inter-Tropical Convergence 
Zone (ITCZ) of the Earth’s atmosphere Indeed, there are 
indications’ * that these active plumes cause a major pertur- 
bation to the structure of the atmosphere from the cloud tops, 
throughout the troposphere and into the lower stratosphere 








This 1s a distance of at least 20 km, which 1s approximately the 
atmospheric scale height for Jupiter at this pressure level A 
major disturbance to the atmosphere of this type must be 
associated with rapid vertical motion in the atmospheric levels 
beneath the visible clouds themselves Furthermore, these 
plumes will have a significant effect on the energy budget of the 
equatorial region, through the mass transport of material asso- 
ciated with their morphological changes 

We estimate in this article, for the first tıme, the divergence 
characteristics of these plumes using Voyager images analysed 
on the University College London (UCL) interactive planetary 
image processing system (IPIPS)° From this information, we 
calculate the vertical velocities which relate to the observed 
changes ın the plume head structures These new measurements 
provide valuable insight into the development and variations in 
these mesoscale structures, which have an important role ın the 
equatorial meteorology of the jovian atmosphere 





120 a 32 
100 
t i -—=77 Missing data 
o 80 \ 28 
i] 
o 60 
Z 
2 40 ji 
20 
0 ie ie Sg cea 20 
a 
Fig. 1 The variation in the con- m 
200 m- 
vective area of the three active PE- 16 
plumes observed by Voyager 1(a) x 
and for the two actıve plumes m 160 = 2 
observed by Voyager 2(b) as a ww x 
function of the rotation number for S o = 
= 120 D 
a single threshold level of bright- x 2 Z 8 
ness digital number (DN) = 185 (a, ~ E 
A )(b, A DN=195) and S A 80 
the 90% contour level (O) of in- < 4 
stantaneous maximum brightness LO 
0 
0 ~ Oe ne ae i Ae 
5 
4 Ve 4 
80 S 
æ = A 
o 60 Hl Ng wer 
= 40 wo 2 
2 S | 
5 20 A 
A o a T -r te AO” 0 
Lop Il tb t t I L 
-10 0 10 20 30 40 50 60 70 276 278 280 282 


Rotation no ( System IIT ) 





0028-0836/82/060491—04$01 00 


© 1982 Macmillan Journals Ltd 


492 


Nature Vol 295 11 February 1982 


iin er aa a 


Observations and data analysis 


Observations obtained by the Voyager imaging system every 72° 
long (System III) during the observatory phases of each space- 
craft encounter were used as a basis for this study The 
measurements for this investigation were taken from blue filter 
Mercator projection mosaics made from rotation periods 1-70 
(6 January-2 February 1979) for Voyager 1, when the spatial 
resolution was 438 km per pixel with a temporal resolution of 
four rotation periods The rotation periods covered by Voyager 
2 were 276-283 (24-28 May 1979), for which the spatial 
resolution was 138 46km per line pixel, and the temporal 
resolution was every rotation period The images used were 
violet filter cylindrical map projection mosaics The rotation 
period reference system refers to the number of jovian days ın 
System III longitude beginning with the first observations by the 
Voyager 1 spacecraft and continuing throughout the mission, 
concluding with the final measurements by Voyager 2 This-1s 
therefore a convenient scheme to represent the time variation of 
the observations during the 1979 Jupiter encounter 

To remove the effects of the spacecraft viewing geometry and 
the illumination conditions, the full disk images were first 
radiometrically decalibrated and then map projected for the 
Voyager 2 observations The differences between these pro- 
jections 1s negligible in the equatorial regions of Jupiter, where 
our analyses are performed The Sun angle :llumination effects 
were removed at the Jet Propulsion Laboratory from these 
images using a Lambert function for Voyager 1, and a Hapke 
function for the Voyager 2 images (see, for example, ref 6) 
Then these photometrically decalibrated images were con- 
structed into a mosaic to form sequential image maps of the 
entire planet for a full rotational period 

With the observations in this format, we can carry out the 
meteorological investigations using the analysis techniques 
developed and carried out at UCL The bright albedo structures 
in the equatorial region certainly represent mesoscale con- 
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vective structure’ In the terrestrial atmosphere, Sikdar et al i 
and Sıkdar and Suomi’ have shown that the time variation of the 
visible brightness of a cloud anvil may be used to derive cloud- 
top divergences 
From the continuity equation, the rate of change of horizontal 

area, A, which represents the cross-section of the visible cloud 
system, 1s equal to the horizontal divergence This may be 
written as 

1dA 

AdT div, V (1) 
Where div, V = ðu/ðx +dv/dy, and u, v are the x, y components 
of velocity? !° Then the time and area averaged divergence, 


div, V, 1s given by the expression 
In (A2/A;) 
At 


where the area of the layer of outflow has increased from A, to 
A, during the time interval At=t2-t 

If we now use a scale analysis argument (see ref 10) and 
assume that the vertical notion in the layer of outflow takes 
place over less than or equal to a scale height D, then the vertical 
velocity required to produce the observed divergence field 1s 


given by 


=div,V s” (2) 


Din(A,/A 
w= D dy, Var ee ms’ 


We consider the measurement of the time rate of change of area 
of the ammonia cirrus anvil above the region of the updraft to be 
representative of the layer of outflow for the convective storm 
system and subsequently referred to as the ‘convective area’ 
Hunt et al! suggest that the main driving mechanism for the 
equatorial plume systems 1s provided by the latent heat released 
in the layers of water clouds that are thought to exist up to three 
scale heights beneath the visible ammonia clouds The depth of 
the total convective structure would therefore need to be a 
factor of two larger than terrestrial tropical cyclones 

Fraedrich et al? showed that for tropical cloud clusters, the 
area of the convectively active region of a cloud system may be 
calculated using two methods Either (1) the brightness 
threshold remains constant throughout the sequence, or (2) the 
brightness threshold varies relative to the instantaneous maxi- 
mum brightness ın the cloud cluster We have examined these 
two procedures for the Voyager plumes using the JPIPS image 
processing facility’ and find that procedure (1) 1s unsuitable for 
these studies Thus we have used procedure (2) to obtain 
divergence and vertical velocity estimates, as 1t was demon- 
strated to be more sensitive to the changes of the area of the 
convective core and not to gross brightness variations which 
were a function of the photometric decalibration, the mosaic 
image ‘overlap’ area of the errors inherent in the radiometric 
decalibration (see ref 6) 


(3) 


Results 


We have studied the three active convective structures visible ın 
the equatorial zone ın the Voyager 1 sequence Figure 1a shows 
the considerable variation 1n the growth and dissipation of these 
active features Over the 70 rotation periods observed, two of 
these features changed ın area by a factor of 40 The two sets of 
curves refer to the calculated areas for a threshold of 185 (ona 
maximum grey scale of 255) and the 90% of maximum bright- 
ness contour level The 90% contour level clearly shows the 
most active region of the convective structure, while the 
threshold reflects only gross brightness changes There were 
apparently less actrve plumes observed during the time period 
studied in the second Voyager encounter’ We have measured 
two active plumes, shown ın Fig 15, and the 90% level seems 
again more representative of the areal changes in the convective 
area of these features than the threshold of 195 Once more, the 
rapid increase and decrease ın the active areas ıs noticeable on 
relatively short time scales From the resolution of the images 
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Fig.3 The variation of divergence (107° s7?) as a function of rotation number for a, the three active plumes observed by Voyager 1, b, the two 
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used in this study the smallest area that may be resolved 
corresponds to ~4x10*km? This is ~107?% of the area of a 
whole plume Smaller scale structure, such as the core of the 
‘convective area’ cannot be resolved with this data set 

There are also regions of rapidly changing small-scale bright 
albedo features in the north and south equatorial belts of Jupiter 
(see, for example, refs 2, 3) To determine whether the varia- 
tions of these features have any similarity with the plumes, we 
have analysed them using the same procedures Figure 2 illus- 
trates the changes ın area of these active regions of the north 
equatorial belt We show the variation in area for various 
percentages of the brightness maximum of the region along with 
the maximum brightness and the threshold level of 185 used 
Although the actual areas are similar in magnitude (~10’ km? 
for the 90% level) to the plume feature, there 1s a smaller 
variation in the area of the north equatorial belt A similar 
situation ıs apparent from our analysis of the features in the 
south equatorial belt 

These changes in the convective areas of the plumes and 
features ın the north and south equatorial belts may then be used 
to calculate the divergence from equation (2) Figure 3a shows 
the divergence variation for the three active plumes observed by 
Voyager 1 The maximum divergences are not ın phase with one 
another and their values are not identical the maximum value 
for plume 4 ıs 1 75 x 107° s™* at rotation 55, while for plumes 6 
and 8 the values are 1 25xX10°°s™ at rotation 67, and 07x 
10°°s"* at rotation 63, respectively The features observed 
during the Voyager 2 encounter have divergences of about 
(1-2) x10~°s~* Onrotation 1, the ‘active’ centres of plumes 4, 6 
and 8 were located at approximately 138°, 197° and 267° long 
(System III) On rotation 276 the ‘active’ centres of plumes L3 
and L11 were located at 317° and 131° long (System III) 

The negative values of divergence which appear in Fig 3a, do 
not correspond to convergences, but to evaporation at the edges 
of the plume heads 

The analyses by Hunt et al’ and Conrath et al * have shown 
that the plumes are mesoscale disturbances that cause a 
significant perturbation to the vertical temperature structure 
throughout the jovian troposphere above the visible clouds and 
into the lower stratosphere It 1s possible that the entire region 
from 50 to 1,000 mbar may contain clouds of ammonia conden- 


sates of varying opacities as Sato and Hansen’: suggest The 
clouds which constitute the plumes, would therefore be 
contained in a larger portion of this region and may extend more 
than 40 km from the base of the water cloud to the base levels of 
the ammonia cirrus anvil The anvil cloud itself will extend at 
least a further 20km which 1s consistent with jovian cloud 
models’? The outflow from the convective disturbance which 
we see in the Voyager images as the plume tail ıs more than 500 
times the possible vertical depth of the plumes The jovian 
plume then closely resembles the terrestrial large scale con- 
vective cloud system, but on a much greater scale 

We therefore scale the measured divergence values by the 
minimum depth of the convective flow, which we estimate to be 
about 20km With this value, we see that the larger vertical 
velocities are about 20-40cm™ These values represent the 
vertical motion of an area of the plumes whose cross-section 1s 
several thousand kilometres and certainly consistent with the 
values found in terrestrial convective storms (see for example, 
ref 10) Note that Adler and Fenn (see ref 12) showed that the 
maximum updraft may be as much as two orders of magnitude 
greater than that implied by the scaling argument used here Our 
derived values may therefore be an underestimate of the true 
vertical motions Furthermore, the magnitude of vertical 
motions, associated with individual cloud turrets in the con- 
vective area, would certainly be large enough to create 
‘horizontal’ gravity waves downstream of the convective 
activity, as was observed’? in the tail of one of these active 
plumes 

The major driving mechanism for these features must come 
from the latent heat released by condensation of water ın the 
cloud layer, located some three density scale heights beneath the 
visible convective area’? The modelled top of the ice cloud was 
shown to be at a temperature of around 210 K (ref 12) Hunten 
etal ** have modelled the observed IR opacities and produced a 
vertical temperature profile which shows that at this tempera- 
ture the pressure ıs at ~2 5 bar In addition, their calculations 
show that the dominant heating up to the 2 bar level 1s solar. At 
higher pressures, internal heating 1s the only possible source for 
triggering convective activity It has been suggested’ that only 
small amounts of internal heating anomalies are required to 
produce vertically propagating gravity waves which may trigger 
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convective activity This may lead to further sub-cloud con- 
vergence due to the convective environment initiating in a 
wave-mean flow interaction This could then provide the neces- 
sary criteria for setting up an equatorially travelling-wave dıs- 
turbance 


Conclusions 


We have measured for the first time the growth rate of con- 
vective cloud features in the equatorial region of the jovian 
atmosphere The equatorial plumes seem to possess many of the 
characteristics of the large-scale convective cloud systems 
observed ın the Earth’s tropical regions The vertical velocities 
associated with these features are similar in magnitude to the 
terrestrial systems However, the jovian clouds occupy a much 
larger spatial scale 
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The disturbances seen in the turbulent regions of the north 
and south equatorial belts are much less active than the equa- 
torial features It ıs possible therefore that these features are 
shallower in this region of the atmosphere Furthermore, this 
situation may also be related to their shorter lifetime 

In both situations, the convective activity seems to be 
generated from travelling wave disturbances in the jovian 
atmosphere The intensity of the convection in the equatorial 
plumes and the magnitude of the divergence and vertical velo- 
cities derived for these features is consistent with them being 
generated by large-scale convergence in deep cloud layers 
beneath the visible surface of the planet 
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Differences between the *°O/"°O ratios of planktonic foraminifera deposited during the last glacial maximum, about 
18,000 yr ago, and those deposited during the Holocene show that in the Indian Ocean, the south-west monsoon was 
weaker than today but that the north-east monsoon was stronger The upwelling observed in modern conditions along the 
southern coast of Arabia had disappeared because of the low speed of the southwestern winds during glacial summers. The 
reduction in rainfall and runoff over the continent caused a reduction of the salinity gradient in the Bay of Bengal and along 
the western coast of India Increased precipitation fell on the sea south of 10° N, while strong evaporation over the 
northernmost Arabian Sea produced an enhanced salinity gradient in that area 





THE seasonally varying monsoon circulations associated with 
the annual heating and cooling of the Asian continent are 
important aspects of the general circulation of the atmosphere 
During the summer, as solar radiation warms the land and the 


isotopes of oxygen compared with seawater, the modern salinity 
pattern for surface waters is closely matched by the oxygen 
isotopic composition of recent Holocene calcitic tests of surface 
dwelling foraminifera such as Globigerinoides ruber During the 


ocean, the overlaying air 1s heated by conduction and expands 
because the land heats faster than the ocean The warmer air 
over the land rises and 1s replaced by denser ocean air which 
carries moisture evaporated from the ocean When the moist air 
moves inland, it too rises and 1ts water vapour condenses causing 
heavy rain over the continent The circulation of the monsoon 
winds is deflected by the rotation of the Earth through the 
Coriolis force, which deflects winds to the right ın the Northern 
Hemisphere so that summer monsoon winds essentially blow 
from the south-west With the onset of winter, both the land and 
the ocean lose heat by radiation to space The greater heat 
capacity of the ocean results in a greater cooling over the 
continent than over the ocean so that dry winds blow from the 
continent to the ocean Due to the rotation of the Earth, winter 
winds blow from the north-east The north-east monsoon 
continues in a steady state until solar heating of the spring 
dissipates the temperature gradient that powers the winter 
monsoon 

This monsoon climate that prevails over the northern Indian 
Ocean produces large salinity gradients in surface waters, 
although sea-surface temperatures, which are largely deter- 
mined by the amount of radiation received from the Sun, are 
much less variable As freshwater ıs depleted ın the heavy 
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Fig.1 a, Map of mean annual sea-surface salinity in modern times 

computed from monthly data collected by Wyrtki’ b, Map of G 

ruber 8'50 values during Holocene time @, Location of deep-sea 

core samples *, Location of trigger weight core-top samples c, 

Map of G ruber 5'*O values at the last glacial maximum 1s0-8'8O 

lines have been drawn by hand by interpolating between the 
control points 
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last ice age, which reached its maximum ~18,000 yr ago"? only 
small changes in the northern Indian Ocean temperature pattern 
have been recorded*“, but important variations in the pre- 
cipitation pattern over the surrounding continents have been 
evident”, I now reconstruct the major hydrological trends, 
essentially that of salinity, in the northern Indian Ocean during 
the last glacial maximum by comparing maps of the oxygen 
isotopic composition (880) of planktonic foraminifera that 
lived in surficial waters during the Holocene and at the last 
glacial maximum, 


Modern hydrological setting 


Today, the northern Indian Ocean is characterized by a strong 
salinity contrast between its two major basins, the Arabian Sea 
and the Bay of Bengal®. The heavy summer monsoon rain above 
the south-west Asian continent is collected by major rivers 
(Ganges, Brahmaputra, Irrawaddy and Salween) which drain 
into the northern end of the Bay of Bengal and the Andaman 
Sea. Because this area receives a large excess of direct pre- 
cipitation, its low salinity surface water contrasts sharply with 
high salinity surface water of the Arabian Sea where evapora- 
tion is high (Fig. 1a). Due to this general pattern of evaporation- 
precipitation, isohalynes show generally east-west trends, but 
along the western coast of India they turn north-south. This 
local pattern is due to two major freshwater inflows’. The first is 
the heavy rain which falls above the western flank of the Dekkan 
Mountains during the summer monsoon and is drained to the sea 
along the coast of Kerala, south-west India, by a dense net of 
mountain rivers. The second is the transport of low-salinity 
water from the Bay of Bengal into the eastern Arabian Sea 
during the north-east monsoon. Thus low-salinity water is found 
along the coast from July to February’’, and means that the 
general pattern of mean annual sea-surface salinity in the 
northern Indian Ocean is closely related to the monsoon circu- 
lations. 

The sea-surface temperature gradient is much weaker than 
that of salinity. During the north-east monsoon, a rather gentle 
phenomenon, the oceanic circulation is only moderately strong’. 
No striking upwelling areas develop and the sea-surface 
temperature pattern is essentially zonal, with temperature 
decreasing progressively towards the north’®. The more 
vigorous atmospheric and oceanic circulation during the south- 
west monsoon causes intense upwelling along the coast of 
Arabia. This upwelling which brings cool, nutrient-rich deep 
water in the surface, is characterized by a strong drop of 
sea-surface temperature which falls below 24 °C in the proxim- 
ity of the coast of Arabia north of 15° N (ref. 11). This produces a 
strong temperature gradient perpendicular to that coast. As the 
upwelling is restricted to the summer period, when the winds 
blow parallel to the coast, the sea-surface temperature gradient 
linked with the coastal upwelling is another good indicator of the 
intensity of the south-west monsoon circulation. 


Isotopic strategy 


The modern hydrological setting of the northern Indian Ocean is 
closely related to the monsoon. Therefore, the reconstruction of 
historical geographical variations of sea-surface salinity and 
upwelling areas should be an effective way of estimating the 
intensity of the south-west monsoon in climatic conditions 
different from those of today. Present palaeooceanographic 
reconstructions of the Arabian Sea and the Bay of Bengal 
essentially deal with sea-surface temperature’*~*, which show 
upwelling variations during the last climatic cycle”! but past 
sea-surface salinity has been estimated along only one north- 
south transect in the Bay of Bengal’. We have mapped the 
geographical distribution of the oxygen isotopic composition 
(5'°O) of planktonic foraminifera that lived in surficial waters 
during Holocene time and at the last glacial maximum. Plank- 
tonic foraminiferal 6'°O is controlled in a complex way by 
sea-surface water ôO and temperature", In upwelling 
areas, the 680 variations should mainly reflect the sea surface 
temperature gradient, the slope of which is linked to the 
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Fig. 2 Isotopic record of three cores from the northern Indian 
Ocean: cores MD 77169 (the Andaman Sea), MD 76131 (the 
Eastern Arabian Sea) and MD76135 (the Gulf of Aden). Odd and 
even numbers refer to interglacial and glacial stages as defined by 
Emiliani”. Globorotalia menardii is a deep foraminifera which, 
like benthic foraminifera, is not sensitive to the variations of 
temperature and salinity in the euphotic zone’*. 


intensity of upwelling and the wind strength. Except for the 
Arabian coast, upwelling is not significant in the northern Indian 
Ocean, and temperature gradients are small in modern condi- 
tions’”, and have remained small during the Upper Quaternary 
while the global climate varied’**. Hence geographical varia- 
tions of planktonic foraminifera 5'°O in the northern Indian 
Ocean should essentially reflect the sea-surface water 8'80. 

Surface waters of the oceans have widely different 5'°O which 
are related to salinity’ °°. In general, tropical waters have a high 
salinity and are isotopically heavy, owing to the preferential loss 
of the isotopically light molecule H,'°O and the concentration of 
the isotopically heavy molecule H,'*O in the residual sea- 
surface water. In the atmosphere, cooling of the vapour causes 
condensation and precipitation. The oxygen isotopic composi- 
tion of the first condensed rain will be enriched in 1O compared 
with the atmospheric water vapour, but its 6'*O will be slightly 
lower than that of surficial sea water?! due to the low conden- 
sation temperature and the relative humidity of the atmosphere 
which is far from saturation’®. A further ‘*O depletion in rain 
falling over the continent can be explained by considering the 
formation of precipitation as a Rayleigh process, whereby with 
continuing precipitation from an air mass the remaining water 
vapour is progressively depleted in 1O (refs 18, 21). 
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Hence a linear relationship between sea-surface salinity and 
&'8O is observed locally. The gradient of the isotope~salinity 
relationship depends on the mode of formation of the freshwater 
arriving into the sea: it is small for a first condensation rain 
falling over the ocean, whereas it is much larger for the outflow 
of rivers fed by rain falling over cold mountains'**'’. This slope 
can be determined experimentally in modern conditions, but we 
have no way to determine it accurately in the past. Hence I 
consider only a qualitative discussion. 


Data base 


The oxygen isotopic composition of the foraminiferal species G. 
ruber was measured in 41 piston cores and 36 core-top samples 
from the Arabian Sea, the Bay of Bengal and the Andaman Sea, 
of which 12 are from ref. 3. This species was chosen because it 
secretes most of its carbonate in the surficial mixed layer”. 
About 30-40 shells were separated for each stable isotope 
analysis. The shells were roasted under vacuum at 50°C and 
evclved CO, was analysed in a VG Micromass mass spec- 
trometer’, 

Downcore analyses were performed every 10 cm to obtain an 
accurate stratigraphy for the deep-sea sediments. Isotopic stra- 
tigraphy is based on the demonstration that downcore variations 
in the oxygen isotope composition of foraminiferal shells reflect 
primarily variations in the continental ice volume?’**”*. 





Table 1 Location of piston cores used for the Holocene and last glacial 
maximum reconstructions 


Depth sO 8*0 
Core Lat. Long. E (m) Holocene Glacial 

MD 76127 12°05'N TESA 1,610 ~2.17 -0.54 
MD 76128 13°08'N 73°19’ 1,712 ~2.44 -0,46 
MD 76129 15°00 N 72°20' 1,954 ~2,28 —0.35 
MD 76131 15°32'N 72°34’ 1,230 —2.38 0.26 
MD 76132 17°00'N 71°31" 1,430 2.13 ~{(),24 
MD 76138 14°27'N §0°31' 1,895 — 1.90 ~0.18 
MD 76136 12°52'N 46°49' 1,649 ~1.81 ~0,28 
MD 77169 10°13'N 95°03’ 2,360 — 3,14 1.02 
MD 77171 11°46 N 94°09’ 1,760 —3.24 —0.99 
MD 77176 14°31'N 93°08' 1,375 ~3.18 — 1.17 
MD 77177 1625 N 93°24" 2,284 —3.4] -1.02 
MD 77178 17°12'N 93°05 2,459 —3,70 ~ 1,12 
MD 77179 = 18°22'N 91°01’ 1,986 -3,50 — 1.02 
MD 77180 18°28'N 89°51’ 1,986 -3.41 ~{).90 
MD 77181 17°24'N 90°29 PAE. ~3.34 0.99 
MD 77191 07°30'N 76°43’ 1,254 2.61 —0).84 
MD 77194 10°28'N 75°14! L222 -2.56 -0.68 
MD 77195 11°30 N 74°37 1,426 -2.55 —(),57 
MD 77200 16°33'N 67°54’ 2,910 — 1.77 +0.13 
MD 77202 19°13'N 60°41’ 2,427 ~1.92 -0.08 
MD 77203 20°47 N 59°34’ 2,442 4.79 +0.07 
MD 77204 19°18'N §8°26' 1,430 —1,71 —~0,13 
ORKS O8 23°28'N 59°11’ 2,700 — 1.58 +0.55 
ORKL10 17°29 N 37°30 2,390 -1,71 —0.30 
RC 9 162 19°05’ N 60°25’ 3,092 ~ 1.94 ~0.17 
RC 12339 09°08'N 90°02’ 3,010 ~2.65 -0,93 
RC 12340 = 12°42'N 90°01’ 3,012 —2.84 ~ 1.04 
RC 12341 13°03'N 89°35’ 2,988 —2.71 —0.75 
RC 12343 = =15°10’N 90°34’ 2,666 —2.84 ~1.04 
RC 12344 12°46’N 96°04’ 2,140 —3.28 ~0.88 
RC 14 35 00°50'S 89°57 3,021 ~2,25 -0.51 
RC1436 00°28’S 9000 3,076 -2.25 ~0,93 
RC1439 O5°S1'N 90°31’ 2,952 -2,64 —0,94 
V 14101 08°39'N 58°34’ 2,849 —2.10 ~(0.54 
V 14 102 10°14’ N SPY 3,915 = -0,67 
V19185 06°42’ N 59°20 2,867 -2.16 —~O.70F 
V 19 188 06°52’ N 60°40' 3,356 — 1,82 -0.55 
V 2915 11°S7'N 88°44’ 3,173 ~2.68 ~0.74 
V 2929 05°07 N 77°35’ 2,673 —2.36 -0.68 
V 29 30 03°05’ N 76°15’ 3,651 -2,34 ~0.81 
V 34 88 16°31'N 59°37 2,120 -1,94 ~0.27 





The oxygen isotopic composition of G. ruber for Holocene and glacial 
times are reported as 6 O versus PDB. 
+ Value taken from ref. 2. 
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Fig. 3 Amplitude of 6'°O variations between the last glacial 
maximum {Isotope Stage 2) and the Holocene (Stage 1). 


Because these variations are synchronous within the mixing time 
of the world ocean, sediment deposited during the last glacial 
maximum can be recognized by the youngest 6'*O maximum in 
the isotopic record. Variations in local factors, such as tempera- 
ture, evaporation—precipitation pattern and continental runoff, 
also affect the isotopic composition of planktonic foraminifera 
living in the most surficial water. This is the case for G. ruber. The 
pattern of isotopic changes in the northern Indian Ocean for this 
species was therefore checked to show that it was similar to that 
of the rest of the world ocean. First, for a few cores, downcore 
analyses were extended beyond the last climatic cycle. The 
isotopic records closely correlate with the standard sequence of 
stages defined by Emiliani”, an indication that local effects in 
the northern Indian Ocean did not modify the generalized 
pattern of isotopic change during the Upper Quaternary (Fig. 2). 
Second, the isotopic record of G. ruber was compared with that 
of benthic or deep dwelling planktonic foraminifera. Although 
the amplitude of the G. ruber record was generally much larger 
than that of deep species (Fig. 2), the general trends of the 
records are similar. Therefore the last glacial maximum level in 


ki 


Nature Vol. 295 11 February 1982 


497 





the sediment cores can be recognized from the planktonic record 
as well as from the benthic record. 

The synchrony of the Indian Ocean isotopic records was 
recently checked by ‘“C dating in six cores”. The mean age of the 
maximum glaciation was ~18,000 yr BP with a standard devia- 
tion of 1,500 yr. If the climate and the global ice volume were 
changing rapidly around 18,000 yr BP, there might be serious 
inaccuracies in the estimates of the 6’*O value at the last glacial 
maximum. However, high sedimentation rate deep sea cores 
suggest that the interval 22,000-15,000 yr BP was characterized 
by relatively stable conditions”**”””’. 


Holocene reconstruction 


The data used to construct the Holocene map (Fig. 1b) 
represent the mean value of Holocene levels for each piston 
core: digital values are reported in Table 1. In four cores, the 
uppermost levels show evidence of strong dissolution and a 
correlative 6°*O increase during the end of the Holocene. Such 
an increase can be explained by the preferential removal 
through dissolution of fragile individuals*"*? whose tests were 
not overlain by a thick calcitic crust deposited during gameto- 
genesis. As gametogenetic calcification occurs at great depth, 
below the euphotic zone, and in cold water, the tests under the 
thicker crust are also isotopically heavier. Hence the fossil 
population remaining in a deeply dissolved sediment is iso- 
topically heavier than the undissolved fauna. Such a 6%O 
increase is not evidenced in other nearby cores that are free from 
dissolution. Therefore the enriched levels were rejected in 
calculating the mean Holocene 5'°O value. Core top samples 
were also used to complete the Holocene map but stratigraphi- 
cal control for those samples is not available and some scatter is 
inevitable in such a data set. Nine core-tops were rejected 
because their 6‘8O did not fall within the range of values for 
nearby core that were verified by oxygen isotope stratigraphy. 
These samples were collected from the 90° E ridge and from the 
central Arabian Sea, where sedimentation rates are very low, 
and probably did not represent the most recent sediment. 
Consequently, iso-5'*O map for the Holocene (Fig. 15) is based 
on measurements of G. ruber 81O from 68 locations. The 
standard deviation of a single analysis is 0.07% (ref. 24). 
Although most &°°O values were calculated as mean value of 
several intervals, variations of 0.14 were not considered 
significant and iso-6°*O lines have been drawn separated by 
0.240. 

The map of G. ruber 6**O in the northern Indian Ocean 
during the Holocene (Fig. 1b) reveals the major features of the 
mean annual salinity in modern conditions. In the Bay of 
Bengal, the 5'°O values decrease progressively towards the 
mouth of the Ganges, Brahmaputra, Irrawaddy, Salween River 
system, clearly reflecting the salinity pattern. The low-salinity 
waters along the southwestern coast of India are also well 
recorded in the G. ruber 5'°O values that are ~0.5% isotopically 
lighter than values from the same latitude in the central and 
western Arabian Sea. The general north-south 6*°O increase in 
the Arabian Sea also fits the salinity pattern and reflects the 
strong evaporation excess in this basin. The only misfit between 
the salinity and tO patterns is observed in the western 
Arabian Sea along the coast of Arabia. As the oxygen isotopic 
composition of the foraminifera shells depends on the seawater 
temperature, the observed G. ruber 5'*O increase reflects the 
strong temperature drop due to coastal upwelling which brings 
cool, nutrient-rich deep waters in the surface**. To summarize 
the Holocene pattern, from south to north, G. ruber 81O values 
decrease by 1.1% in the Bay of Bengal and increase by 0.8% in 
the Arabian Sea whereas mean annual sea-surface salinity 
decreases by 3% in the Bay of Bengal and increases by 1.5% in 
the Arabian Sea. The proportionality coefficient between 5'°O 
and salinity is not the same in the two basins because the 
mechanisms which produce the isotopic changes are different: 
dilution with freshwater in the Bay of Bengal and evaporation in 
the Arabian Sea. 





Isotopic pattern during the 
last glacial maximum . 


5'°O values for the last glacial maximum (Fig. 1c) were cal- 
culated as mean values of the isotopic stage 2 maximum and are 
reported in Tables 1 and 2. Dissolution was systematically lower 
during glacial time than during Holocene time and no sample 
was rejected for dissolution bias, so that iso-5**O map for glacial 
conditions is based on measurements of G. ruber §'°O for 41 
locations. 

Glacial G. ruber O values are significantly heavier than 
those of Holocene time. This strong isotope enrichment pri- 
marily reflects the waxing of large continental ice-sheets, 
depleted in 1O, and which extensively covered northern 
Europe and North America’?*”°. The amplitude of this glacial 
effect is ~1.6% (refs 24, 28, 34), the remaining part of the +80 
enrichment is due to local surface seawater salinity and 
temperature changes. Temperature changes have been rather 
small in the northern Indian Ocean during the past 25,000 yr 
(ref. 2). At the last glacial maximum, mean annual sea-surface 
temperatures for the Bay of Bengal were ~1°C lower than 
modern values, while those from the Arabian Sea were almost 
the same or warmer than those of today. Geographical varia- 
tions of G. ruber 5'8O values at the last glacial maximum will 
therefore mainly reflect the mean annual séa-surface salinity 
pattern. 

The ice-age G. ruber 5'°O map (Fig. 1c) reveals striking 
differences with the modern pattern. 

(1) A marked reduction in the 6’°O gradient observed in the 
Bay of Bengal and the Andaman Sea is probably associated with 


Table 2 Location of core-tops and oxygen isotopic composition of G. 
ruber used for the Holocene reconstruction 


Depth 8'50 
Core Lat. N Long. E (m) Holocene 

A 15585 20°09’ 69°26’ 216 —1.85* 
A 15586 20°07' 67°55’ 3,047 —1.87* 
A 15591 21°00’ 59°33’ 1,267 —1,48* 
A 15592 20°50’ 61°01’ 2,628 —1.55* 
A 15596 18°56’ 61°23’ 3,694 —1.80* 
A 15597 17°26’ 57°11’ 1,805 —1.50* 
A 15612 13°35’ 71°34’ 1,697 —1.95* 
Dodo 204 03°09’ 94°06’ 2,150 —2.57 
MD 77164 06°05'7 93°37'3 2,140 —2.89 
MD 77185 12°24’ 92°03'7 1,461 —3.07 
MD 77197 13°11’ 73°26’ 1,260 —2.46 
RC 9155 07°24’ 72°48’ 1,765 —2.57 
RC9 161 19°34’ 59°36’ 3,332 —1.61* 
RC 12328 03°57’ 60°36’ 3,087 —2.33 
RC 12347 09°20’ 93°20’ 1,533 —2.78 
RC 14 37 01°28’ 90°10’ 2,226 . —2.86 
RC 17126 07°— 72°— 1,723 —2.47 
V 14103 11°27' 56°14 4,232 —2.00 
V 14104 13°26’ 53°27 2,670 —1.98 
V 14106 12°52’ 48°25’ 2,144 —2.17 
V 14107 USI 46°45’ 1,608 —2.23 
V 14108 12°37! 45°38’ 1,176 —2.41 
V 19177 07°35’ 74°13’ 2,770 —2.37 
V 19178 08°07’ 73°15' 2,188 —2.49/-2.58* 
V 19183 08°07’ 62°47' 4,451 —2.09 
V 34 80 06°07’ 59°26’ 3,292 —1.85 
V 34 85 11°48’ §7°37' 3,190 —1.86 
A 15558 08°59’ 51°44’ 3,985 —1.447 
Dodo 197 02°58’ 88°51’ 4,017 —1.734 
Dodo 200 02°55’ 91°03’ 3,472 —2.15T 
Dodo 201 , 02°59’ 91°41’ 4,131 —2.26t 
RC 12329 02°59’ 65°12’ 3,864 —1.097 
RC 12331 02°30’ 69°52’ 3,941 —1.447 
RC 14 39 05°51' 90°31’ 2,952 —2.427 
V 19176 07°07’ 76°33’ 1,773 —2.34F 
V 19184 07°26’ 61°04’ 3,471 —0.58T 





* Value taken from ref. 3. 


t Rejected value. 
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a decrease in river discharge into the northern end of this basin. 
The isotopic result supports independent sea-surface salinity 
estimates deduced from faunal analysis’*. The shape of the 
tongue of low salinity water (marked by the line 6'°O = —1%) 
suggests that in the Bay of Bengal the clockwise circulation 
linked to the north-east monsoon”? dominates the mean annual 
water circulation. The occurrence of a strong north-east 
monsoon during glacial conditions is supported by independent 
pollen evidence”. | 

(2) The glacial G. ruber &'*O pattern for the Arabian Sea is 
much more zonal than the modern one because within the same 
latitudinal belt, G. ruber 6'*O values are similar. This uniform 
latitudinal distribution is related to the disappearance of both 
the low salinity-low 5'°O area along the southwestern coast of 
India and the cool-high 6'“O upwelling area along the coast of 
Arabia’. Both trends are likely to be associated with a reduction 
of the south-west monsoon wind regime. 

(3) A marked increase in the G. ruber 6'°O gradient is 
observed in the Arabian Sea. This strong glacial isotope gradient 
which is larger than 1% (compare with the modern one which is 
only 0.8%.) is not related to the geographical distribution of the 
sea-surface temperatures which have been shown to be more 
uniform than today” but indicates a strong salinity increase 
from south to north. The map of the amplitude of 6'°O change 
between the last glacial maximum and the Holocene (Fig. 3) 
shows marked latitudinal variations. In the Arabian Sea, this 
amplitude is lower than the ice volume effect alone (1.6%.) south 
of 10° N. Such a low amplitude is not due to bioturbation as it is 
found in cores with sedimentation rates larger than 2-3 cm kyr™' 
(core V 19 188; V 2930). Because no major rivers outflow south 
of 10° N in the northern Indian Ocean, this low amplitude would 
reflect a marked precipitation increase over oceanic regions 
south of 10° N. Towards the north, the glacial-interglacial 8'50 
amplitude increases. In the Bay of Bengal, this pattern clearly 
reflects the low river discharge during glacial conditions. In the 
Arabian Sea, it reflects stronger evaporation over its northern- 
most area and the Gulf of Oman. This stronger evaporation is 
probably linked to reinforced dry northeastern winds which 
blew from the continent to the ocean and to the warming of the 
Arabian Sea resulting from the reduction of the upwelling along 
the coast of Arabia which is clearly marked in Fig. 3 by an area of 
reduced 5'*O amplitude. 


Conclusions 


The isotopic reconstruction of the last ice age for the northern 
Indian Ocean indicates a weaker south-west monsoon. This 
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would cause less precipitation over the Indian subcontinent, 
much of the Himalayas, the eastern and southern Tibetan 
uplands and Bangladesh which are drained by the Ganges, 
Brahmaputra, Irrawaddy and Salween rivers. This pattern is 
confirmed by continental evidence which shows that, at this 
time, the Persian Gulf region®® and the Rajasthan?” were dry, 
the Zagros Mountains in the north were drier than they are 
today” and strong loess storms occurred in the cold sand deserts 
of Inner Asia”. This result is consistent with the widespread 
aridity in tropical Africa’®***? and dune activity in Arabia and 
northwestern India*’, Continental aridity contrasted sharply 
with heavy oceanic precipitation south of 10° N, a pattern which 
supports the simulation of the tropical climate of the last ice age 
made with the GFDL general circulation model of the atmos- 
phere*™*. The oceanic reconstruction provides weak indications 
that the north-east monsoon was stronger than today in glacial 
conditions. The occurrence of strong north-east dry winds is 
supported by the large influx of pollen from the Irano—Turanian 
steppe of the north and north-east’ and the higher percentage 
of quartz** in Arabian Sea sediments. 

In the glacial world, the contrast between a weak south-west 
monsoon and a strong north-east monsoon is probably related to 
the environmental conditions prevailing over the Asian 
continent. In modern conditions, the central and southeastern 
Tibetan plateau which remains free of snow throughout the 
year, seems to accelerate the onset of the Asian monsoon and to 
increase its ultimate intensity because it must be rapidly heated 
during the spring in the Northern Hemisphere**. During the last 
ice age, these mountains were covered with glaciers*’**. This 
permanent ice coverage would have prevented any marked 
warming of the Asian continent at high altitude during the 
summer. Thus, the pressure difference between the Asian 
continent and the Indian Ocean would be smaller than today and 
the south-west monsoon weaker. By contrast, during winter, the 
presence of permanent ice would have helped to maintain a 
continent much cooler than today in the vicinity of a warm 
ocean, a mechanism that would have enhanced the north-east 
monsoon. 
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Protochordate allorecognition is controlled 
by a MHC-like gene system 
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Colonial tunicates, unlike vertebrates, undergo transplantation in nature. Rejection or acceptance between colonies of 
Botryllus is controlled by a single gene locus with multiple alleles. The same genetic region apparently maintains this 
polymorphism by preventing fertilization between gametes sharing alleles. The Botryllus histocompatibility system may 


reflect the original adaptive function of ancestral MHC genes. 


IN vertebrates, immune recognition of tissue antigens is 
responsible for rejection of transplanted allogeneic organs, 
tissues and cells’. Prompt rejection of allotransplants by the 
cell-mediated immune system usually occurs when donor and 
host differ genetically at the major histocompatibility complex 
(MHC)*”. It appears that all vertebrate species may have MHC 
genes and the capacity for response to MHC-disparate 
antigens’, but the extent to which the MHC and adaptive 
immunity are found in invertebrate metazoans is unclear’. 
While vertebrate species exist normally as individuals which 
encounter foreign transplantation antigens only as a 
consequence of experimental transplantation, some members of 
invertebrate phyla allow the coexistence or fusion of individuals 
(or of groups of individuals, or of newly budded offspring to their 
parents) to form colonies. In fact, colonial forms are found in 
virtually all metazoan branches leading to the vertebrates. 
Recent studies have established the capacity for tissue trans- 
plant histocompatibility discrimination in both solitary and 
colonial members of diverse invertebrate animal phyla”, 
Because of their phylogenetic position as the most primitive 
chordates, certain colonial tunicates provide a very interesting 
example of colony specificity, where fusion of neighbouring 
individuals or colonies is under strict genetic control*”'’, and 
where, by contrast to the vertebrate situation, transplant rejec- 
tion may be essential for survival. We set out to test the 
hypothesis that allorecognition in colonial tunicates is controlled 
by genes of an ancestral MHC gene complex’. 

Botryllus colonies are usually clones of individuals (zooids) 
sharing a common vascular network and covered by a gelatinous 
tunic. Colonies grow by budding from a founder individual 
(oozooid), which arises by metamorphosis from a swimming 
tadpole-like larva. Production of new buds, resorption of old 
individuals, ovulation and sperm release occur synchronously 
for all individuals in a colony and are apparently controlled by 
blood elements'’’*. In the natural environment, ovulation 
occurs immediately on ‘takeover’ by a new generation of buds. 
Eggs are fertilized by sperm which enter from the surrounding 
seawater when the siphons of the new buds open. Embryonic 
development is phase-locked to the budding cycle, so that 
developed tadpoles hatch and swim away shortly before their 
parent zooids are resorbed and replaced by the next generation 
of buds. The hatched tadpoles, in turn, settle and metamorphose 
to become oozooids, and begin budding to produce new 
colonies. 

Studies of the genetic control of intercolony fusibility by 
Watanabe and Oka” performed with cut pieces from grown 
Botryllus colonies have established (for Botryllus primigenus) 
that each colony gathered from the marine environment is 
heterozygotic at a single fusibility gene locus represented in 
natural populations by many codominant alleles, and that two 
colonies must share one allele in order to fuse”’”. The fusion 


*Present address: Department of Zoology, Oregon State University, Corvallis, Oregon 97331, 
USA. 


itself involves apposition of two colonies, dissolution of the 
intervening tunic, contact between extracorporeal blood vessel 
termini (ampullae) and fusion (or nonfusion) of the contacted 
blood vessels to form a multi-individual chimaeric colony with a 
common blood circulation'*:'*. In this study we have developed 
a rapid fusion microassay which uses pairs of newly metamor- 
phosed individual oozooids from in vivo or in vitro? crosses. 
Botryllus oozooids possess eight vascular microampullae which 
are involved in fusion or rejection reactions identical in 
appearance and time course to those described for ampullae 
from growing edges of adult colonies (refs 13, 14; Fig. 1). Our 
results show that allorecognition and control of fertilization, two 
phenomena characteristic of the murine MHC-bearing 
chromosome 17, are present as linked characters in two species 
of the colonial tunicate Botryllus. 
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Fig. 1 Botryllus oozooids paired for fusibility testing. a, Fused 

oozooids; arrow points to new vascular connection. b, Rejected 

oozooids; arrow points to necrotic zone and detached vascular 
ampullae. x 240, 
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Colony fusion is controlled by a single, 
highly polymorphic genetic region 

To examine the suitability of this microfusion assay for genetic 
studies and to determine whether genetic control of fusibility in 
Monterey Botryllus is similar to that described for Botryllus 
schlosseri'’, we first examined fusibility frequencies for pairs of 
oozooids hatched from colonies fertilized in the natural 
environment. If colonies are heterozygotic at one locus deter- 
mining fusibility (that is, AB; Fig. 2) at which there are many 
codominant alleles (A, B, C, D...) and if they are fertilized by 
sperm carrying a large number of (unknown) fusibility alleles 
(designated x,, or x2, or X3... y), then 25% of random pairs of 
oczooids hatched from this wild-fertilized colony will be 





Table 1 Fusion frequencies for a, oozooid pairs from single wild-fertilized 
Botryllus colonies, and b, oozooid pairs from single wild-fertilized Botryllus 
colonies from crowded locations 











Colony no. 
a 
Batrylius sp. 
(Monterey) n Fusions (%} Rejections {(%) 
i| 32 1753} 15(47} 
2 25 Li(44) 14(56) 
3 14 6(43) &(57} 
4 35 1543) 20(57) 
S 18 5128) 1372) 
6 Z5 10(40} 15(60} 
7 44 23(52) 21148) 
& 38 2053} 18(47) 
9 28 15(54) 13(46) 
10 28 15(54) 13(46} 
Vi 53 29155) 24(45) 
12 8 675) 2(25) 
13 19 10(53) 9(47} 
Total 367 18250) 185150) P>0.8* 
B. schlosseri 
(Woods Hole) 
i 13 5(38} 8(62) 
2 24 13(54) 11(46) 
3 12 9(75) 3(25) 
4 1l 5145) 6(55) 
§ 16 7(44) 9(56) 
6 13 5(38) 8(62) 
7 13 7i54) 6(46} 
8 15 8(53) 7(47) 
9 46 21146) 25(54) 
10 16 10(63) 6(37} 
11 16 850) 8(50) 
Total 195 9850) 975) P > 0,5* 
b 
Botryllus sp. 
(Monterey) 
] 1] Heg) 4(36) 
2 46 31(67) 15(33) 
3 11 8(73) 327) 
4 19 12(63) 737} 
5 6 4(67) 2(37) 
6 7 S{71)} 2(29) 
7 78 47(60) 31(40: 
8. 22 14(64) 8(36) 
9 7 6(86) 1(14) 
10 26 17165) 935} 
1] 18 13(72) 5(28)} 
12 39 30(77) 9(23) 
13 14 12(86} 2(14) 
14 37 2054) 17(46) 
15 28 13(46) 15(§4) 
16 10 5(50) 550) 
17 29 19166) 1034} 
18 40 3280) 8(20) 
19 12 8(66)} 4(33) 
20 6 3(50) 350) 
21 15 11(73) 4(27) 
22 37 29(78} 8(22}3 
23 9 6(67) 3(33} 
Total 527 352167} 17533) 


aaaeeeaa 

*After data from diferent colonies in each of the studies were found to be 
homogeneous, xy” was computed and the P value determined. y? for each study was 
calculated from individual samples as y? = ~2%1n P, where P is the P value 
corresponding to the value of y* (for goodness of fit) for individual experiments. 
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composed of Ax,, or Ax2, or Ax;... Ay (designated Ax... y), 
all of which will fuse with each other due to sharing of the A 
allele; another 25% of random pairs will be composed of Bx,, or 
Bx, or Bx,... By (designated Bx... y), all of which will fuse 
with each other due to sharing of the B allele; and 50% of the 
random pairs will be Ax...y paired with Bx... y, none of 
which will fuse with each other due to non-sharing of A or B 
alleles, and non-sharing of the x... y alleles if a large number of 
distinct sperm donors (x... y) are involved in the fertilization. 

Colonies of Botryllus were collected from the Monterey 
Marina (designated Botryllus sp.) or from the Green Pond at 
Falmouth or the Eel Pond at Woods Hole, Massachusetts (B. 
schlosseri). Embryonic development of wild-fertilized eggs was 
completed in the laboratory, and progeny oozooids were paired 
immediately after hatching and scored for fusion or rejection 
48h later. In both studies, colonies gathered from scattered 
locations consistently yielded oozooid progeny with a fusion 
frequency of ~50% (Table 1). This system thus gives results 
which parallel those obtained by other methods”"”, 

If fusibility in Monterey Botryllus is controlled by a single 
polymorphic gene locus, and one shared allele is required for 
fusion, then crosses between any two colonies collected from 
different locations (represented by AB x CD) will provide pro- 
geny oozooids which are AC, AD, BC and BD at the fusion 
locus, and 75% of random pairs of the hybrid oozooids should 
fuse; this was the case with crosses at Botryllus colonies from 
both locations (Table 2a). Late in the growing season (Febru- 
ary), many Botryllus colonies are crowded together and fertiliz- 
ing sperm come predominantly from one or a few neighbouring 
colonies, One would thus expect newly hatched oozooids from 
these matings to give fusibility frequencies of 50-75%; in fact, 
fusion frequencies of 60-80% were obtained in such cases 
(Table 1b). 


Fusibility alleles are not homozygous lethals 


In no case did sampled colonies from East and West coast 
collecting sites give fusibility frequencies significantly above 
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Fig.2 Testing of the one locus, multiple-allele model for genetic 
control of colony specificity using the oozooid microassay. Paired 
oozooids for any crossed Botryllus colony will show at least 50% 
fusions, regardless of the number of alleles involved in the fertil- 
ization (above), As the number of sperm alleles participating in the 
fertilization is decreased, the probability that any two pairs will 
Share a paternal allele increases, and fusibility frequency 
approaches the 75% frequency for a defined cross (AB x CD, see 
text and Table 2). 
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50-75% (Table 1), so we conclude that homozygotes at the 
fusibility locus may be rare or nonexistent in natural populations 


of both North American Botryllus species, as may be the case for: 


B. primigenus in Japan’. Although they are hermaphroditic, 


colonies of B. primigenus have been claimed to be incapable of 


self-fertilization’? despite simultaneous ovulation and sperm 
release. In the two Botryllus species studied here, ovulation and 
fertilization by exogenous sperm occur before endogenous 
sperm release -(protogyny), thus limiting self-fertilization in 
natural conditions (ref. 15, and V.L.S., unpublished results). 
When protogyny is circumvented by crossing between separated 
pieces of the same colony which have been phase-separated by 
temperature, self-fertilization does occur, but a large proportion 
of the resulting embryos undergo developmental arrest, or fail to 
complete metamorphosis after hatching’. 

To test whether embryonic maldevelopment which occurs in 
the progeny of self-crosses in B. schlosseri’ and Monterey 
Botryllus (V.L.S. and J.M.S., unpublished) replaces the self- 
sterility operating in B. primigenus, we isolated seven colonies, 
allowed them to self-cross (AB x AB) and counted the fusion 
frequencies of the few surviving oozooids. If homozygotes (AA 
and BB) fail to develop, all the survivors should be identical 
(AB) and the fusion frequency should be 100%. However, none 
of the self-crosses gave this result (Table 25). Thus, although it is 
possible that the fusion locus causes late maturation and 
differentiation effects in homozygotes’, the fusibility locus 
cannot be the major determinant in inbreeding depression. It 
was, therefore, necessary to find another explanation for the 
puzzling absence of homozygotes in the two Botryllus popu- 
lations studied. a 


Fusibility locus affects self-fertilization 

by sperm-egg incompatibility 

We have observed that in Monterey Botryllus, as in B. schlos- 
seri’, self-fertilizations do not occur synchronously and 
immediately after ovulation as do cross-fertilizations; in 
colonies isolated for selfing, the cleavages begin at scattered 
times and some eggs are never fertilized. We therefore designed 
experiments to test the hypothesis that there is a gametic barrier 
to fertilization which breaks down in time to allow self-fertiliza- 
tion in laboratory conditions of isolation. At Woods Hole, 18 
colonies of B. schlosseri were isolated, 5 of which were early. 
ovulating and fertilized by exogenous sperm brought in from 
the collection site. In these 5 colonies fertilizations were 
synchronous, and gave large hatches of oozooids whose fusi- 
bility frequency was ~50%. The other 13 late-ovulating 
colonies were placed in vitro in conditions allowing self-fertil- 
ization. In these conditions early embryonic cleavages were 
scattered in colonies whose eggs were ovulated after 2 days of 
isolation, and 7/13 of these colonies showed delays of 2—4 days 
after ovulation before the first fertilizations occurred. This 
occurred despite sperm-producing testes being present in each 
colony from 1 day after ovulation onwards (data not shown). It 
seems likely that Botryllus eggs resist fertilization by sperm from 
the same colony for varying periods of time after ovulation. 

To extend this observation to the Monterey species, paired 
colonies at ovulation were divided in half, with one of the 
subcolonies (A, and B,) from each pair placed in isolation and 
the others (A, and B2) placed together. In all experiments, 
cross-fertilization (A,/B.) occurred between the paired pieces 
1-2 days before self-fertilization (A,/A, and B,/B,) occurred in 
the isolated controls (data not shown), indicating that sperm- 
producing testes and fertilization-competent eggs are present in 
both colonies at a time when self-fertilization cannot occur. 

To determine whether this barrier to self-fertilization is 
controlled by the fusibility locus, colonies from the same algal 
blade were crossed. Our sampling data for colonies with contac- 
ted borders indicate that, in these conditions, > 20% of such 
defined crosses should be between sibling colonies sharing at 
least one fusibility allele. We expected for such semiallogeneic 
crosses (AB X BC) that sperm carrying the shared allele (B) 


re 


Table 2 Fusion frequencies for F, oozooid pairs from defined crosses 
a ee ee 


a, Cross-fertilizations 


Colony no. 
Botryllus sp. 
(Monterey) n Fusions(%) Rejections(%) 
1 10 7(70) 3(30) 
2 17 12(71) 5(29) 
3 35 23 (66) 12(34) 
4 14 10(71) 4(29) 
5 6 4(67) 2(33) 
6 5 3(60) 2(40) 
7 29 22(76) 7(24) 
8 52 37(71) 15(29) 
9 9 8(89) -  1(11) 
10 ` 7 6(86) "1(14) 
11 4 3(75) 1(25) 
12 . 17 13(76) 4(24) 
13 7 5(71) 2(29) 
14 13 10(77) 3(23) 
15 26 20(77) 6(23) 
16 6 ' 4(67) 2(33) 
17 22 ' 16(73) 6(27) 
18 8 7(88) 1(12) 
19 9 . 8(89) 1(11) 
20 67 49(73) - 18(27) 
Total 363 267(74) 96(26) P=0.9* 
B. schlosseri 
(Woods Hole) 
1 8 6(75) 2(25) 
2 29 18(62) 11(38) 
3 20 13(65) 7(35) 
4 5 - 4(80) 1(20) 
Total 62 41(67) 21(33) P=0.5* 
b; Self-fertilizations 
Botryllus sp. 
(Monterey) 
1 8 6(75) - 2(25) 
2 15 13(87) 2(13) 
3 5 ` 4(80) 1(20) 
4 4 3(75) 1(25) 
Total 32 26(81) 6(19) 
B. schlosseri 
(Woods Hole) 
1 5 ` 4(80) 1(20) 
2 4 3(75) 1(25) 
3. 3 2(67) 1(33) 
Total 12 9(75) 3(25) 


When two colonies are crossed (AB x CD), not only is the maternal allele shared 
in 50% of the oozooid pairs (above), but the paternal allele is also shared in 50% 
of the pairs (half of which are pairs not sharing a maternal allele); thus the fusibility 
frequency for these oozooids is 75% (Table 2a). All oozooid pairs hatched from a 
self-fertilization (except the 1/8 which are composed of two homozygotes for 
opposite alleles—AA to BB) share at least one allele; thus 87.5% will fuse 
(Table 2b). 

*Data were analysed as described in Table 1 legend. 


Table 3 Fusion frequencies for oozooid pairs from colonies crossed with - 
potential siblings 


Colony no. n Fusions(%) Rejections(%) 
1 43, 35(81). 8(19) 
l 17 13(76) ` 4(24) 
3 22 22(100) 0 
4 11 6(55) 5(45) 
5 25 17(68) 8(32) 
6 30 20(67) 10(33) 
7 6 6(100) 0 
8 18 12(67) 6(33) 
9 8 8(100) 0 
10 8 6(75) 2(25) 
11 10 8(80) 2(10) 
12 14 9(64) 5(36) 
13 18 18(100) 0 
14 13 10(77) 3(23) 
15a\ Reciprocal 19 19(100) 0 
15b{ crosses 113 113(100) 0 
16 6 5(83) 1(17) 
17 14 14(100) 0 
Total 281 (195) 141(72) 54(28) 
86(100) 


For all data, y? = 17.58 (P = 0.005); thus we reject the null hypothesis that no ` 
gametic barrier to fertilizations by sperm carrying the shared allele exists between 
crossed sibling colonies (see text). 
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Table 4 Fusibility frequencies for F, oozooids 
Cross n Fusions Rejections ‘% Fusions 
1 27 27 — 100 
2a 13 13 —~ 100 
2b 11 11 ~ 100 
3a 49 49 ~ 100 
3b 40 40 — 100 
4 10 9 90 
6 47 47 — 100 
7 7 7 _ 100 
8 29 20 9 69 
9 21 18 3 86 


From an AB x CD defined cross, four classes of offspring, present in 
equal numbers, are expected: AC, AD, BC and BD. Random crossings 
of the grown progeny colonies from such a cross were expected to be of 
three kinds: (1) one-half should be crosses where one fusibility allele is 
shared, and only sperm carrying the non-shared allele can fertilize the 
eggs, giving offspring which are 100% fusible with one another; (2) 
one-quarter should be crosses where both fusibility alleles are shared, 
giving oozooid progeny which are 87.5% fusible (Table 25) and small 
hatches because fertilization is delayed for 24-48 h until the gametic 
barrier has broken down; (3) one-quarter should be crosses where no 
alleles are shared, giving the expected 7.5% fusible progeny (Table 
2a). ‘a’ And ‘b’ notations denote reciprocal crossings between the same 
two colonies. 


should not fertilize any of the eggs of the crossing partner, thus 
allowing all eggs to be fertilized by the sperm carrying the 
nonshared allele (all by A or all by C, depending on which 
colony serves as a sperm donor). All offspring from such a cross 
should share a fusibility allele. Table 3 shows the results of 
fusion analysis of oozooids from the 17 crosses performed in this 
study. Although 11 of the 17 crosses produced oozooids whose 
fusion frequencies were close to those expected for cross- 
fertilizations (75%), 6/17 gave frequencies of 100% (Table 3), 
The above data are most consistent with a model for self-sterility 
in which the haploid expression of fusibility allele patterns by 
sperm is recognized by the diploid, maternally derived egg 
envelopes’, resulting in selective fertilization by sperm bearing 
new fusibility alleles. 

To test these findings further, sibling B. schlosseri colonies, 
grown from the F, cozooid progeny of a defined crass (AB x 
CD) were crossed with one another. Two of the eight crosses 
performed produced F, oozooids whose pairs gave fusibility 
frequencies close to 75% (Table 4). This is consistent with the 
expectation that 25% of such crosses will involve no shared 
alleles (this is the proportion of the grown colonies which would 
not have fused as oozooids; Table 2a). Paired oozooids hatched 
from all but one of the remaining six crosses (a frequency 
consistent with that proportion of defined-cross F, oozooids 
which fuse; Table 2a) gave fusibility frequencies of 100%. 
Fertilizations between colonies sharing both fusibility alleles 
(which should comprise 25% of the crosses between sibling 
colonies in this experiment) can occur only after the selfing 
barrier has broken down, after which scattered, asynchronous 
fertilizations lead to small hatches (Table 2b). The expected 
fusibility frequency for such oozooids is 87.5% (Table 2b). Very 
small hatches, giving fusibility frequencies of 90% , 100%, and 
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100% respectively (Table 4), resulted from three of the eight 
crosses in this experiment (Table 4). On the other hand, fertil- 
izations between colonies sharing one fusibility allele, a group 
which should comprise one-half of the crossings between F, 
progeny of a defined cross, should yield oozooids whose pairs 
give 100% fusions, as was found in three of the eight defined 
crosses between sibling colonies shown in Table 4. These data 
support our hypothesis for genetic control of colony specificity 
tested in other experiments (Tables 1, 2) and, with the results 
shown in Table 3, confirm the prediction by Watanabe and Oka’ 
of a gametic barrier to fertilization by sperm carrying shared 
fusibility alleles. 


Discussion 


The Botryllus fusibility gene locus shows the same degree of 
polymorphism as the genes of the vertebrate MHC" and the 
self-incompatibility systems of plants’®'’. Because Botryllus 
histocompatibility genes control both somatic tissue recognition 
and response, as does the vertebrate MHC, and gamete 
behaviour at fertilization, as does the Ss system in the angio- 
sperms, our findings support hypotheses'*’*’” that vertebrate 
histocompatibility genes evolved from gametic self-nonself 
recognition systems which prevented self-fertilization in 
hermaphroditic organisms. It seems likely that self—-nonself 
discrimination in Botryllus may represent the evolutionary pre- 
cursor(s) to the MHC’. Polymorphism at the Botryllus and 
vertebrate loci may be maintained through linkage of histo- 
compatibility genes with elements which enforce the heterozy- 
gous condition through control of fertilization®”’ or develop- 
ment??? 

Despite the similarities between the vertebrate MHC and the 
Botryllus fusion systems, several major differences have yet to 
be reconciled. For example, fusion is allowed between ampullae 
of Botryllus colonies sharing one allele. In vertebrate allo- 
recognition, by contrast, lymphocyte clones recognize and eli- 
minate cells carrying non-shared histocompatibility antigens, 
even in the presence of one shared allele. However, events 
subsequent to a fusion between semiallogeneic Botryllus 
oozooids or colonies (that is AB fused to BC) frequently lead to 
the complete resorption of one member of a fused oozooid pair 
(V.L.S., in preparation) or to the disappearance of germ cells of 
one of two fused colonies (A. Sabbadin, personal com- 
munication). Further studies of these delayed (or induced) 
responses to contact between semiallogeneic cells may therefore 
disclose even more similarities between both the native immune 
reactivities (for example colony specificity and the natural killer 
cell reactivities of mammals) and the induced allogeneic recog- 
nition responses in these two chordate systems. For these 
purposes, it will be important to determine whether Botryllus 
allorecognition is a capacity possessed by all cells, or only by 
ampullar and blood cells'*"*. 

We thank D. P. Abbott for advice and editorial assistance, D, 
Epel, C. Pittendrigh, C. Nottenburg and E. Pillemer for critical 
reading of the manuscript, C. Lambert and G. Freeman for 
valuable discussions, and C. Patton for photography. Part of this 
study was completed while V.L.S. was an investigator at the 
Marine Biological Laboratory, Woods Hole. This work was 
supported by NSF grant PCM78-10345 and by NIH grant GM 
25902. V.L.S. is a NIH Postdoctoral Fellow. 


12. Milkman, R. Biol, Buli. 132, 229 (1967), 

13, Tanaka, K. & Watanabe, H. Cell, Immun. 7, 410-426 (1973), 

14. Tanaka, K. Cell. Immun, 7, 427-443 (1973). 

15. Sabbadin, A. Deol Biol. 24, 379~391 (2971). 

16. Burnet, F. M. Nature 230, 232-235 (1971). 

17. Heslop-Harrison, J. Cellular Recognition Systems in Plants (Arnold, London, 1978}. 

18. Bennett, D., Boyse, E. A. & Old, L. J. in 3rd Lepetit Collog. 247263 (North Holland, 
Amsterdam, 1972). 

19. Monroy, A. & Rosati, F. Nature 27, 165-166 (1979). 

20. Hedrick, P., Jain, S. & Holden, L. in Evolutionary Biology Vol. 11 (eds Hecht, M. K., Steere, 
W.C. & Wallace, B.} 104-184 (Plenum, New York, 1978). 

21. Hammerberg, C. & Klein, J. Nature 258, 296-299 (1975). 

22. Lyon, M. F., Evans, E. P., Karvos, S. E, & Saver, I. Nature 279, 38-42 (1979). 

23. Sabbadin, A. Cited in Scofield, V. L. & Weissman. 1. L. Deu? comp. Immun. 5, 23-28 (1981). 

24, Bennett, D. Cell 6, 441-454 (1974), 


ee trent 





Nature Vol. 295 11 February 1982 


503 





Expression of human immune interferon cDNA 
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A cDNA sequence coding for human immune interferon (IFN-y) has been identified in a cDNA library prepared from 
gel-fractionated IFN-y mRNA. The DNA sequence codes for a polypeptide of 166 amino acids, 20 of which could 
constitute a signal peptide. The polypeptide produced through expression of this DNA sequence in Escherichia coli or 
cultured monkey cells had properties characteristic of authentic human IFN-y. 





INTERFERONS (IFNs) are secreted proteins which induce an 
antiviral state in their target cells, and which have 
immunomodulatory and antitumour properties’. On the basis of 
antigenicity and biological and chemical properties, human 
interferons have been grouped into three major classes: IFN-a 
(leukocyte), IFN-8 (fibroblast) and IFN-y (immune)’. 
Considerable information has accumulated on the structures 
and properties of the virus-induced acid-stable interferons 
(IFN-a and -8). These have been purified to homogeneity and 
partial amino acid sequences determined*’. Analyses of cloned 
cDNA and gene sequences for IFN-f, (refs 8-10) and the IFN-@ 
multigene family’*’° have permitted the deduction of the 
complete amino acid sequences of many of these interferons. In 
addition, efficient synthesis of IFN-6, (ref. 10) and several 
IFN-as'*"* in Escherichia coli and IFN-a, in yeast’’ have now 
made possible the purification of large quantities of these pro- 
teins in biologically active form. 

Much less data are available concerning the structure and 
properties of IFN-y. IFN-y is generally produced in cultures of 
lymphocytes exposed to various mitogenic stimuli, is acid labile 
and does not cross-react with antisera prepared against IFN-a 
or IFN-8 (ref. 1). Molecular weights ranging from 35,000 to 
70,000 have been reported for IFN-y (refs 18-21). Recently, a 
quite extensive, but still partial, purification of IFN-y has been 
reported”, and IFN-y mRNA has been isolated and translated 
in Xenopus laevis oocytes’**. A broad range of biological 
activities have been attributed to IFN-y, including potentiation 
of the antiviral activities of IFN-a and -8 (ref. 24), and it differs 
from these interferons in its virus and cell specificities and in the 
antiviral mechanisms it induces”. However, in vitro studies 
performed with crude preparations suggest that the primary 
function of IFN-y may be as an immunoregulatory agent”®. The 
antiproliferative effect of IFN-y on transformed cells has been 
reported to be 10-100-fold greater than that of IFN-a or -B 
(refs 25, 27), suggesting a potential use in the treatment of 
neoplasia. Indeed, murine IFN-y preparations have been shown 
to have significant antitumour activity against mouse 
sarcomas~®, However, the poor availability of purified IFN-y 
has precluded the unambiguous determination of its physico- 
chemical and biological properties. 

We describe here the first isolation and characterization of a 
recombinant plasmid containing a cDNA sequence coding for 
human JFN-y. Expression of this sequence in Æ. coli and 
cultured monkey cells gives rise to a polypeptide having the 
properties of authentic human IFN-y. 


Construction and identification of bacterial 


clones containing induced cDNA sequences 


Human peripheral blood lymphocytes (PBLs) from healthy 
donors were stimulated to produce IFN-y by treatment with 
staphylococcal enterotoxin B (SEB) and desacetylthymosin a 
as described by Svedersky et al.” . Cell cultures from individual 
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donors were collected 48 h after induction and used to prepare 
polyadenylated RNA®°** which was fractionated by electro- 
phoresis through denaturing agarose gels’. Interferon 
mRNA activity was determined by injecting aliquots of each 
fraction into X. laevis oocytes**~*’ and after 24 h assaying the 
incubation medium for antiviral activity*°*’. One peak of 
activity was consistently observed which co-migrated with 18S 
RNA (Fig. 1). Using different procedures for sucrose density 
gradient centrifugation, Wallace et al.” and Taniguchi et al.” 
have reported single peaks of IFN-y mRNA activity sediment- 
ing at 18S and 15S respectively. RNA from our most active 18S 
gel fraction (600 units ml™’ when 0.5 wg was injected into 15 
oocytes at a concentration of 0.5 pg wl”) was used to prepare 
double-stranded cDNA by standard procedures”. The cDNA 
was fractionated according to size and material longer than 800 
base pairs (bp) was extended with deoxy(C) residues, annealed 
to deoxy(G)-tailed PstI-cleaved pBR322 and used to transform 
E. coli K-12 strain 294 (ref. 40) as described previously'*””. 


28S 185 4S 
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600 
400 
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Fig. 1 Gel electrophoresis of induced lymphocyte polyadenylated RNA, 
Peripheral blood lymphocytes (PBLs) derived from individual human 
donors by lymphophoresis were purified by centrifugation on a Ficoll~ 
Hypaque gradient and induced for IFN-y production with staphlococcal 
enterotoxin B (1 pg ml~') and desacetylthymosin-a, (0.1 wg ml~*)**. Total 
RNA was extracted?’ from PBL cultures and poly(A)-containing RNA was 
purified by oligo(dT) cellulose chromatography”. 200 pg of mRNA was 
fractionated by electrophoresis through a denaturing agarose gel (1.75% 
agarose, 0.025 M sodium citrate (pH 3.8} and 6 M urea) for 7 hat 25 mA and 
4°C (refs 32, 33). The slab gel was sectioned with a razor blade and 
individual slices were melted at 70°C and extracted twice with phenol and 
once with chloroform. Fractions were precipitated with ethanol and 
subsequently assayed for IFN-y mRNA by injection into X. laevis 
oocytes?*-*’ at a concentration of 0.5 pg pl’. After 24 h incubation at room 
temperature the antiviral activity of the translation products in the incuba- 
tion medium was determined by the cytopathic effect (CPE) inhibition assay 
using vesicular stomatitis virus or encephalomyocarditis virus on WISH 
(human amnion) cells’. All IFN-y units are expressed with reference to the 
NIH IFN-a standard (G-023-901-527), because no internationally accepted 
IFN-y standard was available. In this assay system 0.2 units of the standard 
results in a 50% reduction in cytopathogenic effect. A single peak of activity 
was observed which co-migrated with 18S ribosomal RNA. The positions of 
ribosomal RNA markers which were electrophoresed in an adjacent lane 
and visualized by ethidium bromide staining are labelled above the activity 
profile. The activity seems to be due to IFN-y, as no activity was observed 
when the same fractions were assayed on a bovine cell line (MDBK) which is 
not protected by IFN-y (ref. 29). Both IFN-a activity and IFN)-B activity 
would have been easily detectable with the MDBK assay’. 
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We screened 8,300 bacterial clones from the cDNA library 
for the presence of specifically induced cDNA sequences by the 
following procedure. Two copies of the colony library were 
grown up on nitrocellulose filters and DNA was fixed to the 
filters for in situ colony hybridization*'**. One set of filters was 
hybridized with a *’P-labelled cDNA probe prepared using the 
same 18S gel-fractionated mRNA (induced) used to prepare the 
colony library. The second set of filters was hybridized with 
**P-labelled cDNA prepared using 18S gel-fractionated poly(A) 
RNA isolated from unstimulated PBLs. The hybridization 
intensity of each colony with the two probes was compared, as 
IFN-y sequences should only hybridize with the induced probe. 
124 colonies hybridized with the induced probe but undetect- 
ably or weakly with the uninduced probe (see Fig. 2). Plasmid 
DNA was isolated from each of these colonies**, bound to 
nitrocellulose filters** and hybridized with the same induced and 
uninduced probes. DNA from 22 colonies hybridized 
specifically with the induced probe in this rescreening. 

The cDNA inserts from several of these ‘induced’ colonies 
were mapped using restriction endonucleases and found to 
contain common Dadel, Hincll and Rsal sites (Fig. 3a). A 
**P-labelled DNA probe was prepared*® from one of the plas- 
mids using two internal Ddel fragments (130 and 600 bp) and 


Induced **P-cDNA probe 





e e Ped 
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Fig.2 Hybridization patterns of 96 colonies containing cloned cDNAs with 
induced and uninduced ™°P-labelled cDNA probes. Double-stranded cDNA 
was prepared by standard methods'****° using 3 ug of mRNA from gel 
fraction 10 (Fig. 1). The cDNA >800 bp (340 ng) was recovered by elec- 
troelution after fractionation on a 6% polyacrylamide gel. An aliquot (35 ng) 
of the cDNA was extended with deoxy(C) residues using terminal deoxy- 
nucleotidyl transferase”, and annealed with 300ng of the plasmid 
pBR322”' which had been similarly tailed with deoxy(G) residues at the Psl 
site. The annealed mixture was used to transform EF. coli K-12 strain 2942° 
and resultant tetracycline-resistant colonies were individually inoculated 
into wells of microtitre plates containing L broth® and 5 wgml' tetra- 
cycline. Two copies of the cDNA library of 8,300 transformants were grown 
up on nitrocellulose filters and the DNA from each colony was fixed to the 
filter*'**. **P-labelled cDNA probes were prepared from 18S size gel- 
fractionated mRNA from induced and uninduced PBL cultures. 
Oligo(dT)'*"'* was used as a primer and reaction conditions have been 
previously described'*. One set of 86 filters (96 colonies per filter) containing 
the entire CDNA library was hybridized”? to 2 « 10” c.p.m. of the induced 
**P-cDNA. The duplicate set of filters was hybridized with 2 x 10” ¢.p.m. of 
uninduced “*P-cDNA. After 16 h at 45 °C, filters were washed extensively” 
and exposed to X-ray film. The two filters shown here are representative of 
86 such sets: approximately half the colonies hybridize with both probes, 
while half fail to hybridize with either probe, and ~1% hybridize with only 
the induced probe. An example of an ‘induced’ clone is labelled as H12. 


hybridized to DNA from the 124 colonies selected in the first 
round of screening. Only the 22 induced clones were found to 
hybridize with this probe, establishing their relatedness. 
Subsequent rescreening*'** of the cDNA library with this same 
probe revealed that approximately 1 in 120 E. coli clones 
contained related sequences. Digestion of plasmid DNA from 
these clones with PstI showed that clone 69 contained the largest 
cDNA sequence (~1,250 bp). 


Sequence analysis of the cDNA insert 

of plasmid p69 

The complete nucleotide sequence of the PstI insert from 
plasmid p69 was determined by the Maxam-Gilbert chemical 
procedure*® and by the dideoxynucleotide chain termination 
method*’ after subcloning fragments into the M13 vector mp7 
(ref. 48). The presence of 19 consecutive A residues cor- 
responding to the 3’ poly(A) terminus of the mRNA permitted 
us to orient the 1,200 nucleotide long sequence as shown in Fig. 
3b. As IFN-y mRNA co-migrates with 18S ribosomal RNA 
(>2,000 nucleotides) on denaturing agarose gels, it was 
important to see whether the 1,200 bp insert of p69 represented 
a full-length copy of its respective mRNA. To measure the 
length of this mRNA the synthetic tridecanucleotide 
dTCGTTTCCGAGAG, complementary to nucleotides 98-110 
of the p69 insert (Fig. 34), was chemically synthesized’, 5’ 
“P labelled and used to prime the reverse transcription of 
induced lymphocyte poly(A) RNA into single-stranded ”P- 
cDNA. The cDNA product was sized on a polyacrylamide-urea 
gel*® and found to be 125-130 nucleotides long (unpublished 
results), indicating that the cDNA insert of p69 lacks only about 
15-20 nucleotides of 5' mRNA sequence. Induced poly(A) 
mRNA was also fractionated on a denaturing agarose gel’, 
transferred to nitrocellulose paper*’ and hybridized with °2P- 
labelled cDNA insert from p69. A single hybridizing band, with 
the same mobility as 18S rRNA, was observed. Therefore, the 
mRNA corresponding to the p69 cDNA insert cO-migrates with 
IFN-y mRNA activity. 

The DNA sequence of the p69 cDNA insert contains a single 
large open reading frame, beginning with the ATG codon at 
nucleotides 110-112 from the 5’ end. This ATG is followed, 166 
codons later, by a TAA termination triplet at nucleotides 608- 
610. This ATG is the first one encountered, consistent with the 
observation that the first ATG codon from the 5’ end of mRNA 
usually serves as the site of translation initiation in eukaryotes”’. 
The 3'-untranslated region of 587 nucleotides contains the 
hexanucleotide AATAAA (position 1,173-1,178) which pre- 
cedes the site of polyadenylation in many eukaryotic mRNAs®?, 
The 20 N-terminal amino acids encoded by the cDNA insert of 
p69 may constitute a signal peptide which is involved in the 
secretion of the mature polypeptide from lymphocytes. This 
putative signal sequence is strongly hydrophobic, having fea- 
tures common to eukaryotic secretory protein signal peptides in 
general*™** and more specifically to the IFN-as for which DNA 
sequences have been determined’'-*®, It has the same potential 
cleavage site (Gly-Cys) that is likely to be the signal peptide 
cleavage sequence common to all IFN-as'*. Furthermore, the 
three amino acids (Ser-Leu-Gly) preceding this potential 
cleavage site are identical to those encoded by 10 of the 11 
IFN-a genes sequenced to date'!~'®, 

The only other homology between this potential IFN-y 
sequence and IFN-a or IFN-8 covering more than three conse- 
cutive amino acids occurs at amino acids 15-18 (Lys-Lys-Tyr- 
Phe). These same four amino acids are found at positions 
121-124 of two IFN-as (IFN-aD and -aF; ref. 14). The 146 
amino acid polypeptide estimated to constitute the mature 
protein has a calculated molecular weight of 17,110, much 
smaller than the molecular weights reported previously for 
IFN-y (refs 18-21). The reasons for this discrepancy are not 
clear, but it should be noted that the molecular weights reported 
previously represent the size of the undenatured active species, 
which could exist as a multimer of individual subunits. Addi- 
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Table 1 Characterization of IFN-y produced by E. coli and monkey cells 





Antiviral activity (U ml7’) 


E. coli 
! IFN-a IFN-8 IFN-y W3110/pIFN-ytrp48 COS-7 cell/pSV 769 
Treatment standard standard standard extract” = culture medium 
Untreated 375 125 250 ae . 250 62.5 
pH2 375 125 <6 <12 <4 
0.1% SDS 375 — <4 <8 7 <4 
Rabbit anti-IFN-a@ <8 125 250 250 : 62.5 
Rabbit anti-IFN-8 375 <8 187 250 62.5 
Rabbit anti-IFN-y 375 125 % a ce ee - <8 <4 





An overnight culture of E. coli W3110/pIFN-ytrp48 in Luria broth®* containing 5 wg mI~* tetracycline was diluted 1: 100 in M9 medium“? containing 0.2% glucose, 
0.5% casamino acids and 5 pg ml“ tetracycline at a 1: 100 dilution. Indole acrylic acid was added to a final concentration of 20 ug ml~* when Asso was 0.1-0.2. Samples 
(10 ml) were collected by centrifugation at A sso = 1.0 (~3.5 x 10° cells ml’) and resuspended immediately in 1 ml phosphate-buffered saline containing 1 mg bovine serum 
albumin (PBS-BSA). Cells were opened by sonication.and cleared of debris by centrifugation. The supernatants were stored at 4.°C until assay. The plasmid pSV y69 was 
introduced in COS-7 cells®? using a modification of the DEAE-dextran technique®. Fresh monolayers of COS-7 cells in 6-cm diameter plates were transfected with 1 pg of 
pSV 769 in 1.5 ml of Dulbecco’s minimal essential medium (DMEM; Gibco), 200 pg ml~* DEAE-dextran (500,000 molecular weight; Pharmacia), 0.05 M Tris-HCI (pH 
7.5). After 16 h at 37 °C, the plates were washed twice with DMEM, and 1.5 ml of fresh DMEM supplemented with 10% fetal bovine serum, 2 mM glutamine, 50 pg ml7? 
penicillin G and 50 mg ml“ streptomycin was added to each plate. The medium was replaced the following day with serum-free DMEM. Fresh serum-free medium was 
then added every day. The collected media were stored: at 4 °C until assayed. IFN-a and IFN-8 control samples were NIH reference standards. The IFN-y control was 
partially purified (~10° units per mg) from induced PBLs. The anti-IFN-a and -8 were obtained from the National Institute of Allergy and Infectious Diseases. The 
anti-IFN-y antisera was prepared using authentic IFN-y (5-20% purity) purified from stimulated PBLs. Samples for antibody neutralizations were diluted, if necessary, 
then incubated for 2 h at 4 °C with 1 : 20 dilutions of rabbit anti-human leukocyte, fibroblast or immune interferon antisera: Samples were centrifuged for 3 min at 12,000g 
before assay. To test pH 2 stability, samples were adjusted to pH 2 by addition of 1 M HCI, incubated for 2 h at 4 °C and neutralized by addition of 1 M NaOH before assay. 
To test SDS sensitivity, samples were incubated with an equal volume of 0.2% SDS for 2 h at 4 °C before assay. The IFN assay was performed as described in Fig. 1 legend. 


tionally, IFN-y is glycosylated in vivo", which could affect - Synthesis of IFN-y in'E. coli 
molecular weight estimates. Consistent with this observation is p ARA e iy 

the presence of two potential N-glycosylation sites°® in the and monkey cells | 

predicted protein sequence, at amino acids 28-30 (Asn-Gly- As IFN-y has not been purified.to homogeneity, nothing is 
Thr) and 100-102 (Asn-Tyr-Ser). As the only two cysteines known directly about its amino acid sequence. Therefore, the 


present in the deduced amino acid sequence occur at positions 1 only direct means of proving that.the cDNA sequence of p69 
and 3, the tertiary structure of the polypeptide is probably not actually codes for IFN-y is by demonstrating that the poly- 
dependent on intramolecular disulphide bonds. This is in peptide obtained through expression of this cloned gene has the 
agreement with the finding that, in contrast to IFN-a and IFN-A, properties of natural IFN-y. Two independent expression 
disulphide linkages are not critical for the antiviral activity of systems involving E. coli and monkey cells were used for this 
IFN-y (ref. 21). The mature protein sequence shown in Fig. 3b is purpose. The E. coli system was selected because it has been 
quite basic in character, having 27 basic amino acids (Arg + Lys) used to. produce biologically active IFN-as and IFN-8 (refs 10, 
and 19 acidic residues (Asp + Glu). This is consistent with the 13). The mammalian cell system was chosen because, unlike E. 
observation of Yip etal.” that IFN-y has a high isoelectric point coli, it should be able to perform specific processing (for exam- 


(pI = 8.6-8.7), whereas IFN-a@ and IFN-8 have been shown to ple, glycosylation) which might be required for the expression of 
a biologically active product. ; 


have distinctly lower pIs””*’. ' 





Fig. 3 a, Restriction endonuclease map of, the ga . l . : S1 
. - e a r - met lys tyr 
cDNA insert of p69. The cDNA insertisboundedby = (CTGARGATCAGCTATTAGAAGAGAAAGATCAGTTAAGTCLTTGGACCTGATCAGCTTGATACAAGAACTACTGATTTCAACTICTTTGGCTTAATTCTCTCGGAAACG ATG AAA TAT 
PstI sites (dots at both ends) and poly(dG-dC) tails “ 0 <7 100 
(single lines). The number and size of fragments oe le 1 eae ln 1 il l1 1 1 i l a aye TYR CYS GLN ASP PRO TYR VAL LYS GLU ALA GLU ASN 
nti th r tyr íle ala phe n leu cys e va eu ser leu y L y 
produced by restriction nuclease cleavage were . ~ ACA AGT TAT ATC TTG GCT TTT CAG CTC TGC AJC GIT TIG et TCT CIT GGC TGT TAC TGC CAG GAC CCA TAT GTA AAA GAA GCA GAA AAC 
estimated by electrophoresis through 6% poly- : es 200 
acrylamide gels. Positions of sites were confirmed by - `~ 20 30 
» 2 . LEU LYS LYS TYR PHE ASN ALA GLY HIS SER ASP VAL ALA ASP ASN GLY THR LEU PHE LEU GLY ILE LEU LYS ASN TRP LYS GLU GLU SER 
nucleic acid sequencing (presented below). The CTT AAG AAA TAT TIT AAT GCA GGT CAT TCA GAT GTA GCG GAT AAT GGA ACT CTT TTC TTA GGC ATT TTG AAG AAT TGG AAA GAG GAG AGT 
shaded region indicates the coding sequences of the : gn oa ree E . 
» e S « : 50 6b ` 
putative mature protein, the CrOSS hatched region ASP ARG LYS ILE MET'GLN SER GLN ILE VAL SER PHE TYR PHE LYS LEU PHE LYS ASN PHE LYS ASP ASP GLN SER ILE GLN LYS SER YAL 
represents the putative 20 residue signal peptide ; GAC AGA AAA ATA ATG CAG AGC CAA ATT GTC TCC TTT TAC TTC AAA CTT TIT AAA AAC TTT AAA GAT GAC CAG AGC ATC CAA AAG AGT GTG 
coding sequence, and the open regions show the.3’- Sa 
. . eared) 90 
and 5‘-noncoding sequences. b, Nucleotide , GLU THR ILE LYS GLU ASP MET ASN VAL LYS PHE PHE ASN SER ASN LYS LYS: LYS ARG ASP ASP PHE GLU LYS LEU THR ASN TYR SER VAL 
‘ sequence and deducéd amino: acid sequence of’  '* GAG ACC ATC AAG GAA GAC ATG AAT GTC AAG TTT TTC AAT AGC AAC AAA AAG AAA CGA GAT GAC TTC GAA AAG CTG ACT AAT TAT TCG G3A 
plasmid p69 cDNA insert. The putative signal - ; m an 
sequence is represented by the residues labelled $1 “THR ASP LEU ASN VAL GLN ARG LYS ALA ILE HIS GLU LEU ILE GLN VAL MET ALA GLU LEU SER PRO ALA ALA LYS THR GLY LYS ARG LYS 


to $20. The entire sequence was determined by both 
the dideoxynucleotide chain termination method*’ i EE 

after subcloning fragments into the M13 vector ` ARG SER GLN MET LEU PHE GLN GLY ARG ARG ALA SER GLN ' ; ; 

mp7“ and the chemical method of Maxam and | AGG AGT CAG ATG CTG TIT CAA GGT CGA AGA GCA TCC CAG TAA TGGTTGTCCTGCCTGCAATATITGAATTTTAAATCTAAATCTATTTATTAATATTTAACATTA 
Gilbert*®. Numbers above each line refer.to amino les z Pao Ye 

acid position (S refers to presumed signal peptide) TITATATGGGGAATATATTTTTAGACTCATCAATCAAATAAGTATTTATAATAGCAACTTT TGTGTAATGAAAATGRATATCTATTAATATATGTATTATITATAATTCCTATATCCTS 


and numbers below each line to nucleotide position. x. 


ACT GAC TTG AAT GTC CAA CGC AAA GCA ATA CAT GAA CTC ATC CAA GTG ATG GCT GAA CTG TCG CCA GCA GCL AAA ACA GGG AAG CGA AAA 


ot TGACTGYCTCACTTAATCCTTTGTITTCTGACTAATTAGSCAAGECTATGTGATTACRAGGCTTTATCTCAGSGECCAACTAGGCAGCCAACCTAAGCAAGATCCCATSOSTTGTGTGT 
A i 8 a, a - at . 
" TTATTTCACTTGATGATACAATGAACACTTATAAGTGABGTEATACTATCCAGTTACTGCCGGTI TAAAATATGCCTGCAATCTGAGCCAGTGCTITAATGGCATGTCAGACAGAACT 


oae _ TGAATGTGTCAGGTGACCCTGATGAAAACATAGCATCTCAGGAGATTTCATECCTGGTECTTCCAAATATTSTTGACAACTTGACTGTACCCAAATGGAAAGTAACTCATTTGTTAAA 


4 


ATTATCAATATCTAATATATATGAATARAGTGTAAGT TCACAAC TAAAAABAAAAAARAAAAAA 
‘ ahs 


a IaaaaaaŘaaaaaaaalaiaauaaaalalulululalaasssssasuautu$luul$llllllllllalallllMMl$lMilÂIalÃňo 
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Fig. 4 Construction of a plasmid coding for the direct synthesis of mature 
IFN-y in Æ. coli. 5 wg of the 1,250 bp PstI insert of plasmid p69 were isolated 
and partially digested with 3 units of BstNI (Bethesda Research 
Laboratories) for 15 min at 37°C and the reaction products resolved on a 
6% polyacrylamide gei. Approximately 0.5 ug of the desired 1,100 bp 
BstNIPstl fragment was recovered by electroelution. The two indicated 
deoxyoligonucleotides, 5'-4AATTCATGTGTTATTGTC and 5’- 
dTGACAATAACACATG, were synthesized by the phosphotriester 
method“? and phosphorylated as follows. 100 pmol of each deoxyoligonu- 
cleotide were combined in 30 ul of 60 mM Tris-HCl ( pH 8), 10 mM MgCl, 
15mM_ §-mercaptoethanol and 240 uCi [y-2P]ATP (Amersham, 
5,000 Ci mmot™'). 12 units of T4 polynucleotide kinase were added and the 
reaction allowed to proceed at 37°C for 30 min. 1 wl of 10 mM ATP was 
added and the reaction allowed to proceed for an additional 20 min. After 
phenol/CHC1, extraction, the oligomers were combined with 6.25 wg of the 
BstNI-Pst! 1,000 bp fragment and ethanol precipitated. These fragments 
were ligated at 20°C for 2 h in 30 ul of 20 mM Tris-HCI (pH 7.5}, 10 mM 
MgCl, 10 mM dithiothreitol, 0.4 mM ATP and 10 units T4 DNA ligase. 
The mixture was digested for 1 h with 30 units of Psd and 30 units of EcoRI 
(to eliminate polymerization through ligation of cohesive termini) and 
electrophoresed on a 6% polyacrylamide gel. The 1,115 op product 
(110,000 c.p.m.) was recovered by electroelution. The plasmid 
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pLeiFAtrp103 is a derivative of the plasmid pLelFA25 (ref. 13) in which the EcoRI site distal to the LelF A gene has been removed. 3 ug of pLeIFAtrp103 were 
digested with 20 units of EcoRI and 20 units of PstI for 90 min at 37°C and electrophoresed on a 6% polyacrylamide gel. The large (~3,900 bp) vector fragment 
was recovered by electroelution and the 1,115 bp EcoRI—Pstl IFN -y DNA fragment ligated into 0.15 pg of this prepared vector. Transformation of E. coli K-12 
strain 294°° gave 120 tetracycline-resistant colonies. Plasmid DNA was prepared from 60 of these transformants and digested with EcoRI and PstI. Three of these 
plasmids contained the desired 1,115 bp EcoRI-PstI fragment. DNA sequence analysis verified that these plasmids had the desired nucleotide sequence at the 
junctions between the trp promoter, synthetic DNA and cDNA. One of these plasmids, pIFN-ytrp48, was chosen for additional study. 
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Fig. 5. Plasmid constructed for the expression of IFN-y in monkey cells. 
The 342 bp Hindiil-Pvull fragment encompassing the $V40 replication 
origin“? was converted toa fragment bounded by EcoRI restriction sites. The 
Hindli site was converted to an EcoRI site by addition of a synthetic 
oligomer (S‘dAGCTGAATTC) and the Peull site was converted by ligation 
to an EcoRI site which had been filled-in using DNA polymerase I (Klenow 
fragment). The EcoRI fragment containing the SV40 Origin was ligated into 
the EcoRI site of pML-1°°. The resulting expression vector was chosen 
which contained the SV40 late promoter oriented to read away from the 
ampicillin-resistance gene of pML-1. The EcoRI site nearest the ampicillin- 
resistance gene was destroyed by partial EcoRI digestion, filling in with the 
Klenow fragment of DNA polymerase I, and subsequent ligation (as 
outlined in ref. 73). The 1,250 bp PstI insert of p69 was converted to a 
fragment bounded by EcoRI sites by insertion in the PstI site of pNCV"™ as 
the PstI site of pNCV is flanked by EcoRI sites. The EcoRI-flanked cDNA 
insert was ligated into the single EcoRI site of the pML-SV40 expression 
vector to give the plasmid shown. 


The procedure followed to express the cDNA insert of p69 
directly in E. coli was similar to that used previously for human 
growth hormone”’, IFN-8 (ref. 10) and several IFN-as'?", and 
is Outlined in Fig. 4. A BstNI restriction site located at codon 4 of 
the presumed mature coding sequence was used to remove the 
signal peptide coding region. Two synthetic deoxyoligonucleo- 
tides were designed which restore the codons for amino acids 
1-4, incorporate an ATG translational initiation codon and 
create an EcoRI cohesive terminus. These two oligomers were 
ligated to the remainder of the cDNA insert to construct a 
1,115 bp synthetic—natural hybrid gene coding for a polypeptide 
of 147 amino acids and bounded by EcoRI and Perl sites. This 
gene was inserted into the plasmid pLeIFAtrp103 (a derivative 
of pLeIFA25 (ref. 13) in which the EcoRI site distal to the LeIF 
A gene was destroyed) between the EcoRI and PstI sites to give 
the expression plasmid pIFN-yirp48. In this plasmid the cloned 
gene is transcribed under the control of a 300 bp fragment of the 
E. coli trp operon". This fragment contains the trp promoter, 
operator and the Shine-Dalgarno sequence of the trp leader 
peptide™*, but lacks the ATG sequence for initiation of trans- 
lation of the leader peptide. Æ. coli W3110 strains transformed 
with either pIFN-ytrp48 or p69 were grown and extracted for 
interferon assay (see Table 1). Extracts from cultures of 
W3110/pIFN-ytrp48 exhibited definite interferon activity 
(~250 units per ml of extract), whereas no activity (<3 units per 
mi) was detected in extracts of W31 10/p69. 

To express the putative IFN-y coding sequence of p69 in 
mammalian cell culture, the expression vector pSV y69 (Fig. 5) 


E 
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Fig.6 Hybridization of human 
genomic DNA with a *P. 
labelled cDNA probe from 
plasmid p69. High molecular 
weight human lymphocyte 
DNA (5g) prepared by the 
procedure of Blin and 
Stafford ’* was digested to com- 
pletion with various restric- 
tion endonucleases, electro- 
phoresed on 1.0% agarose 
geis and blotted to a nitrocel- 
lulose filter’. The *?P-labelled 
DNA probe was prepared from 
a S94bp Ddel fragment 
{nucleotides 266-860 of Fig. 
36) of the cDNA insert of p69 
as described previously**. 1x 
10’c.p.m. of the probe were 
hybridized with the filter for 
16h and then washed as described elsewhere'*, Two hybridizing DNA 
fragments were observed with three endonuclease digests: Puull (6.7 and 
4.0kbp), EcoRI (8.8 and 2.0 kbp) and Hincll (2.5 and 2.2 kbp}. Three 
endonuclease digestion patterns provide only one hybridizing DNA frag- 
ment: HindlIl (9.0 kbp}, BgilI (11.5 kbp) and BamHI (9.5 kbp). 


was constructed from the following three components: (1) the 
plasmid pML-1 (pML-1 is a derivative of pBR322 in which 
sequences known to inhibit the replication of SV40-pBR322 
recombinants in simian cells have been deleted, but which still 
contains the ampicillin-resistance selectable marker and an E. 
coli replication origin’); (2) a 342 bp Pvull-HindIII fragment 
of SV40 virus providing the replication origin of SV40°° and 
which is thought to encompass the promoter for both the early 
and late SV40 transcriptional units’’; and (3) the entire cDNA 
insert from plasmid p69. 

The cDNA insert and the $V40 origin region were oriented in 
pSV ¥69 such that the interferon structural gene should be 
transcribed from the promoter for the late transcriptional unit 
(Fig. 5). This vector was introduced by DNA transfection into 
the transformed monkey cell line COS-7 (ref. 62). COS-7 
endogeneously expresses SV40 large T antigen and has been 
shown to permit the propagation of recombinant plasmids 
containing pML-1 and $V40 origin sequences*”*’. Cell media 
from transfected cultures were assayed daily for the presence of 
interferon activity. Yields of 50-100 units per ml were obtained 
3 or 4 days after transfection, indicating that the interferon was 
being secreted into the culture medium by the COS-7 cells. No 
interferon activity was observed in the media from cells trans- 
fected with plasmids in which the cDNA coding region was 
inserted in the opposite orientation to that shown in Fig. 5 (data 
not shown). 


Characterization of interferon activity 
produced by E. coli and monkey cells 

The properties of the interferon activity present in extracts of 
E. coli W3110/pIFN-ytrp48 and secreted from COS- 
7/pSV y69 cells were compared with authentic human IFN-y 
produced by stimulated PBLs and with authentic IFN-a and 
IFN-8. Distinguishing characteristics of IFN-y include pH 2 
lability and lack of neutralization by antisera prepared against 
human IFN-a or IFN-@ (ref. 2). As indicated in Table 1, the 
interferon produced by E. coli and monkey cells, like the IFN-y 
produced by SEB/desacetylthymosin a,-stimulated PBLs, was 
not neutralized by antisera to either IFN-a@ or IFN-Z, although 
these antisera were effective in neutralizing authentic IFN-a or 
IFN-8. Antisera prepared against partially purified PBL- 
produced IFN-y (E. Rinderknecht and V. Anicetti, unpublished 
results) completely neutralized the interferon activity 
synthesized by E. coli and monkey cells while having no effect 
on the activity of IFN-a and IFN-B (Table 1). Furthermore, the 
complete loss of activity observed when these interferon pre- 
parations were treated with pH 2 or 0.1% SDS is characteristic 
of IFN-y, and distinct from IFN-a and IFN-f. Therefore, the 
polypeptide encoded by the cloned cDNA sequence of p69 has 
the same immunological and chemical properties as authentic 
IFN-y. 





A single gene for IFN-y 


The human interferon gene family comprises 12 or more distinct 
IFN-a genes having 80-95% DNA sequence homology '*° 
and at least one IFN-8 gene (IFN-8,; refs 64-66) which is 
40-50% homologous with the IFN-a genes. To estimate the 
number of related IFN-y genes in the human genome, human 
DNA of one individual was digested with several restriction 
enzymes, electrophoresed through agarose gels, transferred to 
nitrocellulose paper®’ and hybridized to a **P-labelled IFN-y 
cDNA probe (Fig. 6). Hincll is the only one of the six restriction 
enzymes used that cleaves the IFN-y cDNA sequence, but the 
HinclI site is not located in the DNA fragment which was used as 
probe. A unique, intronless gene would thus have appeared as a 
single hybridizing DNA fragment in each lane of the gel. 
Instead, two hybridizing DNA fragments were observed for 
three of the endonuclease digestions (Puull, EcoRI, Hincl]) and 
single hybridizing fragments of about 9 kilobase pairs (kbp) each 
were found for the other digestions (HindIII, BglII, BamHI). 
Similar genomic blots using DNA from other individuals gave 
the same hybridization patterns. There are two possible 
explanations for these results: first, there are two homologous 
and closely linked (<8 kbp apart) IFN-y genes separated by 
Poull, EcoRI and Hincll sites, and second, there is a single 
IFN-y gene which contains one or more introns containing 
EcoRI, Pvull and Hincll sites. This second possibility was 
supported by repeating the hybridizations with a **P-labelled 
probe prepared from the 3'-untranslated region of IFN-y 
cDNA. In this experiment only single Peull, EcoRI and Hincll 
fragments hybridized to the probe (data not shown). The gene 
structure of IFN-y is therefore distinctly different from that of 
IFN-a and IFN-£, which contain no introns'*****. 


Discussion 


Poly(A) mRNA from human lymphocytes producing IFN-y was 
fractionated on a denaturing agarose gel. The 18S size fraction 
was used to prepare a cDNA library in E. coli. Twenty-two 
bacterial clones containing potential IFN-y sequences were 
identified by specific hybridization to **P-cDNA probes pre- 
pared using mRNA from induced lymphocytes and failure to 
hybridize to similar probes prepared from uninduced mRNA. 
Restriction mapping and DNA hybridization experiments 
revealed that all 22 induced cDNA clones were related and that 
the frequency of these clones in the cDNA library was about 
1:120. Therefore, the frequency of IFN-y mRNA in our most 
active poly(A) RNA preparation is ~1:2,400 because the 
mRNA used to prepare this cDNA library had been enriched 
about 20-fold in IFN-y sequence by the agarose gel frac- 
tionation procedure. DE E 

The 1,194 bp cDNA insert (excluding poly(A) sequence and 
dG -dC tails) of p69 codes for a polypeptide of 166 amino acids, 
20 of which are probably cleaved during the process of secretion 
of mature IFN-y from lymphocytes. The encoded amino acid 
sequence, which bears little resemblance to those of IFN-a@ or 
IFN-8, has two potential glycosylation sites and is quite basic in 
character. Identification of this sequence as IFN-y was obtained 
by expression of the cDNA sequence of p69 in bacterial and 
mammalian cells. In both systems the expression product was 
shown to have antiviral activity which was immunologically 
indistinguishable from that of the IFN-y produced by stimulated 
human lymphocytes. Additionally, the SDS and pH 2 sensitivity 
observed for the IFN-y produced by bacteria and monkey cells 
are distinguishing features of authentic IFN-y (refs 2, 18-21). 

The amounts of antiviral activity recovered from E. coli 
producing IFN-y are significantly lower than those obtained for 
IFN-a or IFN-8 using similar expression vectors'*'*'*. If a 
specific activity range of 10°-10° units per mg is assumed for 
IFN-y (ref. 20), between 8 and 80 active molecules are present 
per cell. However, if the specific activity of the interferon 
depends to some degree on its state of glycosylation, consider- 
ably more interferon molecules could be present per cell. Addi- 
tionally, if we were incorrect in our assumptions about which 
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amino acids constitute the signal peptide, the molecule expres- 
sed in E, coli may not exhibit the same specific activity as natural 
IFN-y. If one assumes that authentic mature IFN-y is a 146- 
amino acid polypeptide, its molecular weight, minus carbo- 
hydrate, would be 17,110. The difference between this value 
and the published molecular weights of 35,000-70,000 for 
IFN-y probably cannot be accounted for by glycosylation alone. 
It is conceivable that authentic IFN-y is associated with carrier 
proteins in serum or exists as a multimer of identical subunits. 
The purification and sizing of IFN-y synthesized by E. coli and 
monkey cells should help resolve this discrepancy in molecular 
weight. 

The human IFN-y gene corresponding to the cDNA sequence 
described here seems to contain at least one intron and to have 
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The remnant of the supernova explosion of AD 1006 (the 
brightest in recorded history) has a shell-like appearance at both 
radio and X-ray wavelengths. Einstein X-ray observations by 
Pye et al.’ show a soft (photon energy £ < | keV) filled interior 
surrounded by a harder (£ = 1 keV) unresolved ring of emission 
of radius ~15 are min. Superficially it appears to be similar to 
most supernova remnants for which many studies have shown 
that the X-ray emission is thermal radiation from gas shock- 
heated by high-velocity ejecta. The spectrum’ of parts of the 
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no additional genomic homologues. It remains to be deter- 
mined, however, whether additional nonhomologous genes 
exist which code for proteins meeting the criteria required for 
classification as IFN-y (refs 1, 2). 
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edge of the remnant in the range 0.75% ¢<10 keV shows, 
however, no evidence for line emission. The spectral shape is 
consistent with a power-law perhaps due to a non-thermal 
mechanism. Moreover, the total mass of gas’ required exceeds 
~10 M, if it is of normal cosmic abundance. This is much 
greater than that expected for a remnant several hundred 
parsecs above the galactic plane. As no pulsar (or Crab-like 
morphology) is evident in the remnant of SN1006, Reynolds 
and Chevalier” have proposed that relativistic particles are being 
efficiently accelerated in shocked gas, and provide the major 
source of X rays through synchrotron emission. SN1006 is then 
an important region for the study of such acceleration processes. 
Here we reinvestigate a thermal interpretation and show that 
the element abundances associated with a Type I supernova*” 
may provide an alternative explanation. 

First we note that the observed lack of line emission from the 
edge of the remnant requires that sulphur, silicon and iron be at 
less than half their cosmic value relative to hydrogen’. We 
suggest that SN1006 was a Type I supernova of a few solar 
masses exploding inte its own stellar wind (outer density px 
Sa aah) lt Be or, 
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r”). If the progenitor star was a pop II object (appropriate for its 
galactic position) then it is quite reasonable to suppose that the 
metal abundances are lower than the cosmic values. It is also 
possible that most of the metals are in the form of grains, which 
have not yet had time to combine with the hot gas. The stellar 
wind may have been associated with a red-giant phase (compare 
with the formation of planetary nebulae) or mass-transfer from a 
binary companion. The unresolved outer ring of emission’ is 
then due to the shocked wind material. Gas shocked earlier (and 
closer to the contact discontinuity) is now denser and cooler than 
gas that is now just being shocked and swept up. Bremsstrahlung 
from a range of densities and temperatures in the shocked wind 
can then mimic a power-law spectrum. 

The mass of the interior region has been estimated' as ~ 
6M oq, if due to a gas of cosmic abundance (the temperature is 
~ 10° K). Most of the emission is strongly peaked below 0.25 
keV and could be completely due to lines. (The spectral resolu- 
tion of the detector used for these observations is ~ 100% at 
these energies.) It has been widely suggested*”’ that ~ 1M» of 
**Fe is ejected in a Type I supernova explosion. Line emission 
from such material can easily provide the interior X-ray flux 
from $N1006 if it has a distance of ~ 1 kpc. Interstellar absorp- 
tion corresponding to a column density of Ny = 5 x 10°" cm” is 
required to make this hypothesis consistent. One clear predic- 
tion is the possibility of detecting coronal line emission from the 
interior of the remnant in the optical. We expect a flux of 
== 2x10 ergs em” sr’, 

The overall 0.2-2.5 keV spectrum" of SN1006, after subtrac- 
tion of a contribution due to the Lupus Loop, does show 
evidence of an emission feature at ~ 0.6 keV. This is identified 
in ref. 8 as oxygen line emission, but we note that line emission 
due to calcium, which is also likely to be produced in a Type I 
outburst, occurs at a similar energy. 

One major problem with any thermal interpretation of the 
X-ray observations lies in maintaining the interior of the 
remnant at 10° K. Adiabatic cooling on the expansion time scale 
erases all memory of the initial phase of expansion of the 
remnant. All but large scale velocity inhomogeneities should 
have decayed and the effects of radioactivity will have died 
away. We propose that a reverse shock” propagated back 
through the material at an age of a few hundred years. This 
requires the ejecta to have collided with roughly its own mass in 
that time. Perhaps the pre-supernova was surrounded by a wind 
with p <r at large radii (R = 10'* cm), but with p constant (and 
total mass ~ 1 Mœ) at small radii (the wind velocity may have 
decreased and M increased) just before the supernova 
explosion. We have verified that present-day interior tempera- 
tures of ~10°K and reasonable luminosities are obtainable 
from such a situation by numerical computation of a spherically- 
symmetric explosion. The remnant is now freely expanding. No 
definite conclusion may be drawn, although the structure of 
young remnants depends strongly on the initial conditions in the 
ejecta and surrounding material. We consider that a complex 
structure is quite likely and that the appearance of young 
supernova remnants may be quite variable. The unusual pro- 
perties of SN1006 discussed here may be partly due to its 
galactic location. The low temperature interior can be easily 
detected as the line-of-sight column density is low, and the 
expected low density of the surrounding interstellar medium 
allows a stellar wind to propagate freely to relatively large 
radii. 

Optical confirmation that the interior of SN1006 is mostly 
composed of iron would strongly support the ““Ni-*°Co—*°Fe 
radioactive interpretation of Type I light curves*”’ and the 
related theoretical interpretation of the explosion itself. It would 
also make a more detailed discussion of the above admittedly ad 
hoc picture worthwhile. As discussed earlier, any more-normal 
abundance of a thermal gas requires that the progenitor was 
>10 Ma, although it is out of the galactic plane by several 
hundred pc. This seems most unlikely and suggests that failure 
to detect coronal lines will provide support for rapid and 
efficient acceleration of cosmic rays in shocks (see ref. 3). 
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We conclude by considering the cup-shape appearance of the 
remnant of SN1006, as it appears in the X ray’. This could partly 
be cue to the exploding star having been a member of a close 
binary system. The flow and subsequent shocks surrounding 
the companion could well have slowed the ejecta down in 
one direction, provided that the ejecta was roughly at its 
final velocity by the time it had crossed the binary orbit Gay 
~10'' em). 
A.C.F. acknowledges the Radcliffe Trust for support. 
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Asymmetric Balmer line 
profiles in Seyfert galaxies 


A. Lawrence* 


Center for Space Research, Massachusetts Institute of Technology, 
Cambridge, Massachusetts 02139, USA 


The profiles of the broad Balmer emission lines in Seyfert 
galaxies are often asymmetrical in the sense that the red wing 
extends further than the blue wing’. Explanations of the ob- 
served asymmetry have involved relativistic effects’, infalling 
clouds immersed in an absorbing medium’, and radially 
expanding clouds that are bright only on the side facing the 
ionizing source**. In all these hypotheses, the fact that only 
some galaxies have asymmetric emission lines was not con- 
sidered important. Here I present evidence that both the degree 
of asymmetry and the difference between Ha and HB profiles 
are correlated with the overall line width. I also argue that 
current evidence is most compatible with an expanding system 
of optically thick clouds, in which the thickest clouds are moving 
fastest. 

In his study of 36 Seyfert galaxies, Osterbrock' classified each 
H£ profile as either symmetric, slightly asymmetric, or asym- 
metric. Figure 1 shows that all the ‘asymmetric’ objects have 
large values of the full width at zero intensity (FWZI) of Ha. 
There is a large overlap between the ‘symmetric’ and ‘slightly 
asymmetric’ populations, but in a probabilistic sense the ‘slightly 
asymmetric’ objects have values of FWZI (Ha) intermediate 
between the ‘symmetric’ and the ‘asymmetric objects’. The 
profiles were not corrected for the instrumental resolution of the 
Lick scanner. As the instrumental profile? has FWZI 
~2,000 km s~' at HØ, it is clear that the narrowest lines would 
always appear symmetric. However, most of the lines concerned 
are well resolved, and some of the observed asymmetries are 
very strong; the resolution effect cannot explain the proposed 
correlation. 

Osterbrock' noted that an apparent asymmetry may actually 
be due to the broad weak feature Fe 11 A4,924 appearing in the 
red wing of HB. I considered the strength of the well observed 
feature Fe 114 4,570, assuming it to correlate with Fe 11 A 4,924. 
There is no significant difference between the three populations 
(symmetric, slightly asymmetric, and asymmetric) for their dis- 
tributions of the value of Fe 1144,570/HB (not shown). Thus, 
an apparent asymmetry is probably not caused by Felli emission 
dominating the wings of H8. Of course, some extra, as yet 
undetected, component could appear redward of Hf, and thus 
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also increase the apparent overall line width. The FWZI is very 
difficult to measure, so that there may be important unknown 
systematic errors. However, I shall assume that the asymmetry, 
and its dependence on line width, is a real feature of the Balmer 
line profiles, and attempt to explain it in terms of the properties 
of the emission line cloud system as a whole. Let us reconsider 
the three categories of explanation mentioned above in the 
context of a dependency on line width. 

(1) Objects with extremely broad lines must contain emission 
line gas moving at mildly relativistic velocities. Furthermore, if 
the clouds are bound to a massive central object and have 
virialized velocities, those moving fastest also have the largest 
gravitational redshift, and transverse Doppler shift (also always 
a redshift). We need not assume, as did Netzer’ that the clouds 
are rotating in a disk, but only that typical velocities at each 
radius are comparable with the orbital velocity at that radius. 
These assumptions do predict that excess redward emission is 
increasingly important for objects with very fast moving clouds. 
Unfortunately, however, the effect is probably too small to 
explain at least some asymmetries. For clouds orbiting a massive 
body at ~ 15,000 kms” ', we would expect that the red wing may 
extend ~ 10% further than the blue wing, whereas in some cases 
the red wing actually extends twice as far as the blue wing (see, 
for example, the profile of MKN374 reproduced in Fig. 1 of ref. 
4, or the profile of PHL1093 reproduced in Fig. 1 of ref. 3), For 
instance, the profile of PHL1093 extends to ~5,000 km s™° and 
+10,000 km s7'. This would require that clouds exist within 30 
Schwarzchild radii of the massive central object, but move 
slower than the corresponding orbital velocity by a factor of 7. 

(2) A consensus is forming that the anomalous ratios of 
Lya/Ha/H8 observed in QSOs and Seyfert galaxies imply that 
the broad line emitting clouds are optically thick to the Balmer 
lines™™'?. This means that the inner, ionized face of the cloud 
(that closest to the nucleus) will be brighter in the Balmer lines 
than the outer face. Most Balmer line photons detected by the 
observer will thus have originated in clouds on the far side of the 
ionizing source. A red excess then implies that the clouds on the 
far side are moving away from us; that is, the system is expanding 
radially outward**. The correlation found here between the 
degree of asymmetry and FWZI (Ha) (Fig. 1), further requires 
that faster moving clouds have a larger contrast in brightness 
between inner and outer faces, and thus presumably a larger 
Balmer line optical thickness (see Fig. 1 of ref. 5). 

(3) Alternatively, one may consider isotropically emitting 
clouds immersed in an obscuring medium (for example, dust). 
Clouds on the far side of the system are seen through a larger 
column of the obscuring material, and are thus fainter, A fainter 
blue wing then means that clouds on the far side are moving 
towards us; that is the system is moving radially inward. The 
correlation between asymmetry and line width would then imply 
that objects with very wide lines have a larger overall amount of 
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Fig.1 Distribution of the values of the full width at zero intensity 
of Ha for the three different profile symmetry classes defined by 
Osterbrock'. 


wn RO 

cae i ° 

2 | * » 

pa 40 è 

iy - 

= 5 . oe 2 - 
N | e Š » 

2 o- ® » $ e * 

i i e 68 + 

S z e e% ° 

= | @ *e 

m AQF 

N ea ee oe E a eee core i 
Zz 4 8 13 16 20 
ee 


FWZi (Ha) (1037 km st) 


Fig. 2 The difference in full width at zero intensity between Ha 
and HB as a function of the full width at zero intensity of Ha. 
Values are from ref. 1. 


obscuring material. However, where those ‘asymmetric’ galax- 
ies (all except MKN374) have been measured in X rays, they are 
all as luminous as, or more luminous than, the average Type 1 
Seyfert galaxy’*’*. By contrast, much evidence now suggests 
that only low luminosity Seyfert galaxies have appreciable 
amounts of obscuring material’”. 

There is further evidence that supports model (2). Figure 2 
shows that the line-width difference, FWZI (Ha) - FWZI (HB), 
is an increasing function of FWZI (Ha). Such a correlation must 
be treated cautiously, as FWZI is difficult to measure. The veiue 
of FWHM is less ambiguous, but will be dominated by the 
relative strength of the narrow component of the emission line, 
which will have little bearing on the dynamics of the region 
forming the broad lines. 

Line profiles have been described as ‘logarithmic” or ‘tri- 
angular’'®, In the latter case, FWZI is a better defined quantity 
than in the former case; but in general one may suspect that the 
measured value of FWZI is as much a function of the signal-to- 
noise ratio as intrinsic line width. In this situation FWZI could 
correlate with line strength; a strong line may be traced out 
further from the line centre. The difference in FWZI between 
Ha and HB could then correlate with the ratio of line strengths. 
However, from Osterbrock’s data, there is no correlation 
between [(Ha)/J(HB) and FWZI(Ha)—-FWZI (HB) (not 
shown). Such signal-to-noise effects may still cause a correlation 
of line width difference with overall line width if, regardless of 
the total line intensities, Ha ‘fades out’ more slowly far from the 
line centre than does H8 ; that ts to say, if the Balmer decrement 
is a function of cloud velocity. This suggests that, in general, 
different objects all have the same ‘potential’ profile; it is just a 
question of how much of the ‘iceberg’ is above water. 

A consistent physical picture is that clouds are moving 
outward; that faster moving clouds are optically thicker; and 
that therefore they have a larger brightness contrast between 
inner and outer faces, and larger values of Ha/ HB. Examination 
of these questions at higher resolution and sensitivity is desir- 
able, as is examination of other spectral lines. 
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A molecular interpretation 
of stress corrosion in silica 


Terry A. Michalske* & Stephen W. Freiman 


Fracture and Deformation Division, National Bureau of Standards, 
Washington DC 20234, USA 


The mechanical strength of many glasses and ceramic materials 
decreases with time under static loading and ambient environ- 
ments. This strength loss is associated with slow growth of 
pre-existing surface flaws due to a stress-corrosion process. To 
make long-term strength predictions for ceramic components, it 
is important to understand the stress-corrosion mechanism. We 
have studied stress corrosion in vitreous silica exposed to water 
and several non-aqueous environments and report here that 
environments which enhance stress corrosion are composed of 
molecular groups with electron donor sites on one end and 
proton donor sites at the other. These results suggest a detailed 
chemical model for the interaction of the environment with 
mechanically strained bonds in the solid at the tip of a crack. The 
proposed model also has implications for the long-term strength 
behaviour of a wide variety of brittle materials. 

Several generalized mechanisms have been proposed to 
explain the effect of water-containing environments on crack 
growth in glass, for example, surface energy reduction’, stress- 
enhanced dissolution”, or dielectric charge compensation’. 
None of these models attempts to explain why water is such an 
effective stress-corrosion agent for glasses and ceramics nor 
does any suggest a specific stress-enhanced reaction. We now 
describe, on a molecular scale, a specific chemical reaction 
between strained bonds in vitreous silica and water, which can 
be used to explain environmentally enhanced crack growth. 
Experimental support of this model will be presented. 

Previously published results* have shown that slow extension 
(<10°* m s~’) of a crack in vitreous silica is facilitated by water 
in the environment. In the present study, crack growth data were 
taken in N, gas containing a small amount of water as well as in 
liquid water and other environments. Crack velocities were 
obtained by visual observation of crack extension in a double 
cantilever beam specimen’, and the data plotted as crack velo- 
city (V) versus stress intensity factor (K,), where K; is a measure 
of the stress field at the crack tip (Fig. 1). The important features 
are: 

(1) In a water-free environment such as vacuum, spon- 
taneous failure is observed when K; reaches a critical value* 
(shown as a vertical line in Fig. 1). 

(2) When small amounts of water vapour are present (moist 
N, gas), crack growth in the low velocity regime is enhanced 
(curve is shifted to lower Kı and V is a measurable function of 
Ky). 

(3) A plateau in crack velocity is observed in water-contain- 
ing environments (such as moist N2). This plateau has been 
linked to crack growth limited by the rate of water transport to 
the tip of the moving crack®. At sufficiently high V, the plateau 
behaviour ends and rapid fracture is observed. 

(4) Liquid water enhances crack growth over the entire range 

of crack velocity (107-107? ms~’). 
Highly concentrated tensile stress fields are produced at a crack 
tip in a stressed brittle solid. Continuum approximations 
indicate that the bridging Si—O bond experiences strains 
>20%. The effect of this strain on the bonding molecular 
orbitals is not easy to predict but can be discussed in terms of a 
decrease in the overlap between atomic orbitals, thus increasing 
their availability for bonding with other species. 

The molecular structure of water is the key to its ability to 
cause stress corrosion in vitreous silica. Oxygen atomic orbitals 
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Fig. 1 Effect of water on slow crack growth in vitreous silica 
(curves represent best fit to experimental data). 


2s, 2p,, and 2p, form three hybrid orbitals—two of which 
ao-bond with hydrogen atoms. The remaining lone pair orbitals 
(one hybrid and the remaining p,) are directed away from the 
hydrogen atoms. This arrangement results in a positive charge 
centre at the hydrogen end of the water molecule and a negative 
charge centre on the opposite end of the molecule where the 
lone pair orbitals are located. 

Interaction between strained bridging bonds at a crack tip in 
silica and water from the environment can be represented by a 
three-step process (see Fig. 2). 

Step 1—a water molecule from the environment attaches to a 
bridging Si—O—Si bond at the crack tip. The water molecule is 
aligned by: (1) formation of a hydrogen bond with the O,, atom; 
and (2) interaction of the lone pair orbitals from O,, with the Si 
atom. The lone pair orbital interaction may involve either Van 
der Waals attraction or some covalent bonding with unoccupied 
d orbitals of Si. 

Step 2—a concerted reaction occurs in which proton transfer 
to the O,, is accomplished simultaneously with electron transfer 
from the O,, to the Si atom. As a result of this reaction, two new 
bonds are formed (one between O, and Si and one between 
hydrogen and O,,; the original bridging bond (between O,, and 
Si) is destroyed. 

Step 3—rupture of the hydrogen bond between- Ow and 
transferred hydrogen occurs to yield surface Si—O—H groups 
on each fracture surface. As the hydrogen bond is weak, this step 
is expected to occur immediately after proton transfer. (Budd’ 
has proposed a similar mechanism for the dissolution of silica in 
waier; however, note that the present model for crack growth is 
not contingent on the removal of material from the fracture 
surface.) 

Reaction rate theory® can be used to show how the proposed 
mechanism for bond rupture leads to enhanced crack growth 
rates. In vacuum, the entire energy of the bridging bond must be 
overcome before bond rupture can occur. (This energy is 
supplied in part by mechanical strain as well as by thermal 
contributions.) When water is present, the height of the energy 
barrier to bond rupture is reduced because charge transfer (step 
2) provides an alternative, lower energy, reaction path. As the 
rate of a chemical reaction (in this case bond rupture) is recipro- 
cally dependent on the exponent of the energy barrier, 
mechanisms that provide a lower energy activated state will 
enhance crack growth rates. We have omitted factors resulting 
from changes in the energy of the Si—O—Si bond due to 
adsorbed water (step 1) and the energy of the reaction products 
(step 3); these terms are not critical to this discussion. 
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Experimentally, the role of the concerted reaction (simul- 
taneous electron and proton transfer) as the rate of limiting 
step to fracture can be borne out through isotopic effects. 
Results of fracture experiments performed in deuterated water 
produced crack velocities consistently lower than those attained 
in normal water. This result can be analysed in terms of the 
different ground state vibrational energies of deuterium and 
protium resulting in different activation barriers for the two 
isotopes. The lower crack velocities measured in deuterated 
water agree with the larger energy barrier expected for deuteron 
transfer’. 

This model for chemical bond rupture presents some interes- 
ting implications. First, it suggests that environments other than 
water should enhance cracking in silica glass, if the species 
possess structural and bonding features similar to water, that is 
proton donor sites at one end of the molecule (or group) and 
lone pair orbitals at the other. The environmental molecule must 
also fit between the Si—O bond (~1.63 A). To test this hypo- 
thesis, crack growth studies were conducted in vitreous silica 
exposed to gaseous ammonia (NH;). Ammonia has a structure 
similar to water except that it has three orbitals o-bonded to 
hydrogens leaving one lone pair orbital directed away from the 
hydrogen atoms (the N—H bond length is 0.94 A). Figure 3 
shows that NH; enhanced crack growth over the entire velocity 
range. When evaluating such data, it is important to be aware 
that small amounts of water in an inert carrier (N>) can have 
large effects on crack growth rates. However, the enhancement 
due to small amounts of water is limited in velocity. As the NH, 
gas used in this experiment contained less H,O than the N, + 
H,0O gas mixture, the absence of a plateau indicates that the NH, 
was controlling the fracture behaviour, Crack growth experi- 
ments in hydrazine (N,H,) and formamide (CHNO) showed 
that these environments also controlled crack growth over the 
entire velocity range (Fig. 3). However, these environments 
were less effective (V~K, curve shifted to higher K;) then either 
water or ammonia, possibly due to steric hindrance and/or 
delocalization of lone pair orbitals. Note also that other non- 
aqueous environments such as carbon monoxide (contains lone 
pair orbital but no proton donor site) or acetonitrile (has high 
dipole moment, 3.92 D, but no localized lone pair orbital) have 
no measurable effect on crack growth rates. 

This chemical model and its supporting experimental data 
represent an important step in the understanding of stress 
corrosion and the mechanical durability of materials. First, 
knowing that an effective stress-corrosion environment must 
have an electron donor site as well as a proton donor site allows 
for qualitative predictions of those environments which will 
decrease the long term strength of silica. As the structural bonds. 
in the solid must also engage in the stress-corrosion reaction, 
qualitative predictions of the susceptibility of a range of solids to 
stress corrosion are also possible, that is the more covalent the 
solid the less susceptible it is to stress corrosion. This is suppor- 
ted by experimental evidence that single crystal silicon shows 
little, if any, susceptibility to stress corrosion with water (E. R. 
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Fig. 2 Representation of the proposed reaction between water 

and a strained Si—O—Si bond at the crack tip. Reaction steps 

involve; (a) adsorption of water to Si—O bond, ($) concerted 

reaction involving simultaneous proton and electron transfer, and 
(c) formation of surface hydroxyls. 
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Fig.3 Comparison of the effects of various environments on slow 
crack growth in vitreous silica at room temperature, 


Fuller, personal communication). The ability to make such 
qualitative predictions is an advance over previous models 
which were intended only to explain stress corrosion in water. 
Second, this attempt at analysing the molecular interaction 
involved in the stress-corrosion process opens the door for 
detailed molecular calculations. Results of such calculations 
could allow quantitative predictions of the response of any solid 
material with any particular stress-corrosion environment. 
This work was carried out at the National Bureau of Stan- 
dards. We thank J. Houston for helpful discussions and the 
Office of Naval Research for partial support of this work. 
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Techniques designed to obtain the intensity of the geomagnetic 
field by thermal demagnetization are subject to error due to 
differences between the ancient and laboratory cooling rate’ 
and alteration in the physical and chemical properties of the 
magnetic grains which can lead to a systematic overestimate of 
the field by as much as 50%. A new technique is proposed here 
which uses the change in moment with time at a fixed tempera- 
ture in conjunction with the magnetization acquired on cooling 
to determine the ancient field and ancient cooling rate. This new 
technique also appears to be able to detect alteration with 
greater sensitivity. 
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It has been found that the magnitude of both the above errors 
increases with.temperature. Alteration often begins at relatively 
low temperatures, and increases smoothly as the temperature 


increases. The cooling rate correction in effect also increases 


with temperature. If alteration results in a decrease in 
magnetization the result is an accelerating decrease in moment 
with increasing temperature. Consequently the abrupt change in 
the slope of a natural remanent magnetism (NRM)/palaeo- 
thermal remanent magnetism (PTRM) plot which has been used 
to signal the onset of alteration is not always present. This will 


result in an accelerating apparent increase in the intensity of the. 


ancient field. An extreme example of this behaviour is shown in 
Fig. 1: while the NRM/PTRM plot settles down to a straight line 
above 300°C the grains involved have probably undergone 
alteration. Thus the reliability of using the slope of the straight 
line portion is questionable. 

The technique described here not only corrects for the 
difference between laboratory and ancient cooling rates, but 
enables the ancient cooling rate to be estimated. Preliminary 
results indicate that the ancient cooling rate could vary by more 
than an order of magnitude. Thus the error due to differences in 
cooling rate can be random even for pottery. These results will 
also reveal that alteration begins to appear at surprisingly low 
temperatures. 

As derived in ref. 1, the moment produced on cooling is 


v2 


v’ N(v) dv (1) 





M=H f 
at ET; 

where H, is thé ancient field, J, the saturation magnetization. at 
the blocking temperature Tp, v is the grain volume, N (v) the 
grain size distribution and v2 and v, the volumes of grains 
blocked at the higher temperature and lower temperature 
respectively. 

The quantities Js and Tg depend on the rate of cooling’. Leta 


200 


‘100 


NRM (Am? kg7! x 107°) 





236 240 244 
PTRM (A m? kg~! x 107°) 


Fig. 1 The nate in moment of a sample of Attic pottery after 

successive héatings to the temperatures (O). Two coolings are 

performed from each temperature, the first in a field of 70 wT, the 
second in zero field to establish the loss of the NRM. 
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Fig. 2 The change in moment, M, with time of a sample of Attic 

pottery on heating by 5 °C from two temperatures at two different 

fields. The zero level for both curves has been shifted by an 
arbitrary amount. 


variable a be defined as 


“= al7) a 


where K is the anisotropy constant. 

The moment is then proportional to (In ck/va)”" where c is a 
frequency factor. 

A cooling time constant 7 can be defined as 


TtT =— (3) 
va 
In general 7 is temperature dependent. In particular if the 
sample cools according to Newton’s law of cooling, 7 decreases 
as the temperature increases. 
The coefficient n results from approximating the temperature 
dependence of J as 


J=J(1-T/T)" (4) 


For magnetite n =} while for haematite it is 4. 

The thermal techniques for obtaining the ancient field 
pioneered by Thellier, involve comparing a moment introduced 
on cooling in the laboratory field with that removed on heating 
to successively higher temperatures. A knowledge of the ancient 
cooling rate is necessary for an accurate determination of the 
ancient field intensity. This knowledge need only be approxi- 
mate because the function (In cr)” is only weakly dependent 
on 7. 

Assuming that the sample is heated rapidly from a tempera- 
ture T, to a higher temperature T, when the sample reaches T 
part of the magnetic moment will reside in grains whose blocking 
temperatures are both above and below T. Those grains whose 
blocking temperatures are lowest will first come to equilibrium 
with the applied magnetic field. But the approach to equilibrium 
of grains whose blocking temperatures are less than T will result 
in a loss of moment; this produces a decrease in moment 
followed by an increase when the distributions of those grains 
with blocking temperatures higher than T begin to reach equili- 


brium. 


The rate of change of the moment’ with In ct is 


A = (no— Neg) 5 (In i| N n(— In ct) | (5) 
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n is determined by the moment distribution produced on 
cooling and is 








JavHa 
= 6 
ESET (9) 
and 
IH, 
= : 7 
nea OkT 7) 


where H, is the laboratory field. 

As the sample is held at the temperature T, initially smaller 
grains will come to equilibrium followed by grains of increas- 
ingly larger volume. Initially, then, the distribution of the grains 
with low blocking temperature come to equilibrium followed by 
grains which blocked at higher temperatures. Since Tp increases 
and Jg decreases as v increases, no will decrease with time. On 
the other hand, ne increases with time as v increases. 

Now 6M/0d In ct will be zero when nea = Ao, when 








H. JT 
i Te (8) 
H JaT 
Now 
K Kv 
ae and spa inet (9) 


where ¢ is the time at which dM/dInct=0 and Kg is the 
anisotropy constant evaluated at the blocking temperature. 
So if 


K=aJ’ (10) 
J T Inct\'”” 
wee | 11 
Ja Ga In a l ) 
Using equation (4) 
P= (BA (1) 
I NITT. T=T 


Bearing in mind that Ty is close to T this equation may be 
expanded. After some algebra equation (8) becomes 


(p—i)n l 
ote , RES EN te ae ane 
Ha In eTa H, In ct} er TIT. 


x {In (t/7,)/In eral] (12) 


where r, is the ancient cooling time constant. 

Figure 2 displays the moment as a function of time for a 
sample of Attic pottery. The data were obtained with a highly 
sensitive magnetometer capable of obtaining moments, while 
the sample is held at an elevated temperature, with an accuracy 
of better than 0.1%. It will be described in detail elsewhere. 

Since there are two values for H and two values of t, an 
approximate value for c may be deduced, if the second term in 
the brackets in equation (12) is neglected, c is ~7 x 10’ 871. 

It is impossible to obtain the ancient field unless 74 is known, 
although it need not be known precisely because it enters 
equation (12) as In cra. This requires another relation which can 
be obtained from the dependence of the moment on the labora- 
tory cooling rate, as the moment gain on cooling is proportional 


to (In cr)”. For example, on further heating to 250°C the 


sample revealed a decrease in moment when cooled to 190°C 
relative to that observed after it had been cooled from 195 °C, 
On decreasing the cooling rate by an order of magnitude 
(increasing 7, by a factor of 10) half the lost moment was 
recovered. Thus a two order of magnitude increase in Ty would 
be required to restore completely the moment lost between 195 
and 250°C. As shown in ref. 1 the moment introduced on 
cooling is proportional to H, (lIn cr,)". Hence, 


Hain cra)” = Hy (In eri)” (13) 


where 7'L is that cooling time constant that would be required to 
restore completely the moment lost by heating to 250 °C. 


Nature Vol. 295 11 February 1982 


150°C 


AM/M(%) 





0 
Time (min) 
Fig.3 The change in moment, M, with time of a sample of Attic 
pottery on heating to 210 from 150°C. The zero is arbitrary, and 
two changes of zero suppression were made to keep the recorder 
pen on scale. The decrease in moment apparent after about 7 min is 
due to alteration of the magnetic constituents, 


Using equation (12), and taking n = 3 which is appropriate for 
magnetite, 7, ~ 100s—a rather low value. Other samples of 
Attic pottery yielded values about an order of magnitude higher. 
Typically 74 appears to be of the order of 1,000 s for this pottery. 

Ha for this sample is 46 nT. The modified Thellier method 
used for a previous determination yielded Ha =63 wT for a 
sample from the same sherd. The difference is rather more than 
can be accounted for by differences in cooling rate. Alteration 
probably affected the old result. 

This technique consists of holding the sample at an elevated 
temperature and monitoring the change in its moment with time. 
If the laboratory field is within ~10% of the ancient field the 
moment will show a characteristic decrease followed by an 
increase. The time at which the inflection occurs yields the 
product Halncra. The values for Incr, and H, can be 
separated by obtaining the laboratory cooling rate for which no 
change in moment occurs on cooling to a fixed temperature in 
the chosen laboratory field. 

With this particular material the onset of mineral alteration 
seems to result in a net loss of moment by the grains. This has 
manifested itself by an anomalously large 7;. Thus in the second 
step of the method either a proportionally greater decrease in 
rate or a larger H, is necessary to restore the lost moment. 
Further heating again requires either a further increase in TL OF 
an increase in H. 

It is possible for alteration to res in an increase in moment; 
in that event H, or 7, must be continually decreased. If when 
alteration is in progress the moment should decrease with time it 
can sometimes be identified as follows: if Hi is chosen so that the 
moment shows the characteristic decrease followed by an 
increase when alteration is absent at lower temperatures, the 
moment will decrease when alteration begins. Then it is possible 
for the moment to decrease then increase and then decrease 
again, due to alteration. An example of this behaviour is shown 
in Fig. 3. 

Probably the most surprising aspect of the alteration is that it 
has manifested itself at temperatures as low as 210°C. Also, of 
18 samples of Attic pottery 15 showed evidence of alteration at 
temperatures below 250°C. 

Most investigators obtain the ratio of the ancient to laboratory 
fields from the slope of a ‘best’ straight line drawn through the 
points in a plot of the natural remanent moment against the 
moment introduced by a laboratory field at successively higher 
temperatures, Unfortunately, in most cases it is difficult to 
demagnetize the sample sufficiently to draw a meaningful line 
unless temperatures above 300°C are used, where the present 
results indicate that alteration may be present. In the event that 
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those points are displaced from their true positions by increasing 
amounts the slope will be wrong. 

The effect of cooling rate has been thought to introduce a 
correction which would be a constant fraction of the ancient 
field, assuming that the ancient cooling rate was within a factor 
of 2 or 3 for all pottery (at least those fired in the same area). 
Unfortunately the preliminary results obtained with Attic 
pottery indicate rather more variability. One advantage of the 
present technique is that measurements at low temperatures 
yield the ancient field. Thus, provided alteration does not begin 
before all viscous moments are removed, a value for Ha can 
always be obtained. If an accurate value of H4 is not required it 
is possible to assume a value for 7a, in which case one, or at most 
two, temperatures are all that is necessary. 

Finally, the previous measurements’ on Attic pottery should 
be repeated, as they use values obtained above 300 °C. These 
measurements are in progress, and the results will be published 
in due course. Preliminary results indicate that the shape of the 
curve of intensity plotted against time has not changed radically, 
but that the values of intensity have decreased by ~15-25%. 

I thank the National Science and Engineering Research 
Council of Canada for support. 
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The Scourian gneisses of the Lewisian complex of north-west 
Scotland have been the subject of many geochronological 
investigations. Sm-Nd whole-rock measurements suggest that 
the protoliths of the Lewisian complex differentiated 2.92£0.05 
Gyr ago from an approximately chrondritic mantle’. Rb-Sr and 
Pb-Pb whole-rock ages between ~2.8 and 2.6 Gyr reflect 
subsequent depletion in Rb and U (refs 2, 3) which has generally 
been associated with granulite facies metamorphism. Zircons 
which are thought to have crystallized during this metamor- 
phism have also given U-Pb ages of 2.66 Gyr (ref. 4). This 
granulite facies metamorphism, involving pressures in excess of 
10 kbar and peak temperatures estimated between 820150 °C 
(ref. 5) and 1,250°C (refs 6,7), affects a terrain including 
supracrustal rocks’ and thus implies a major tectonic event. We 
report here the first geochronological data measured on mineral 
assemblages that have also provided estimates of the conditions 
of metamorphism. Such measurements are possible because 
the major minerals of granulite facies assemblages show an 
unusually favourable spread in Sm/Nd ratios; garnet, especially, 
is strongly enriched in Sm (ref. 8). Data for three garnetiferous 
basic gneiss assemblages suggest that closure of the Sm-Nd 
system occurred significantly later than the peak of the 
metamorphism. 

The textures of Scourian basic gneisses are complex and it has 
been suggested that three stages of granulite facies mineral 
growth can be recognized®”’. The earliest assemblage consists of 
garnet and clinopyroxene with minor plagioclase and horn- 
blende. During the second stage garnet broke down to form 
coronas of plagioclase, orthopyroxene and magnetite. 
Subsequently regrowth of garnet, especially rimming grains of 
orthopyroxene and magnetite, occurred. Locally, much coarser 
(up to 150 mm) aggregates of garnet and clinopyroxene occur 
within the garnetiferous basic gneisses; it has been suggested 


that these are the result of exsolution from an Fe-Al rich 
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amphibole’. Sample 3966 ‘coarse’ is an example of these 
ageregates, occurring in a typical basic gneiss represented by 
3966 ‘fine’. There is a sharp contact between the two assem- 
blages. The third sample, 40117, is also a typical garnetiferous 
basic gneiss. All three assemblages show, to varying degrees, the 
three stages of mineral growth noted above. 

The results of the isotopic analyses are given in Table 1 and 
are plotted on Sm—Nd isochron diagrams in Fig. 1. In each case 
the data show some scatter in excess of analytical error but the 
three calculated ages are similar. 40117 gives an age of 2.49 + 
0.12 Gyr with an initial '*°Nd/***Nd ratio of 0.50944 + 0.00016, 
3966 ‘fine’ gives 2.49+0.03 Gyr with an initial ratio of 
0.50949 + 0.00009 and 3966 ‘coarse’ gives 2.49 + 0.03 Gyr with 
an initial ratio of 0.50973+0.00008. The garnet and clino- 
pyroxene in the analysed mineral separates are from the earliest 
stage of mineral growth whereas the other analysed mineral 
separates also include grains from the later stages. The isotopic 
relationships between the minerals show that the different stages 
of mineral growth cannot be resolved with the present data. 
Moreover, the earliest formed minerals, garnet and clinopy- 
roxene, systematically give ages that are up to 0.05 Gyr younger, 
rather than older, than those calculated for the complete mineral 
assemblage; thus the excess scatter in the calculated errorchrons 
does not simply reflect differences in the age of formation of the 
various minerals. 

The consistency of the ages from all three samples may reflect 
a relatively short overall duration for the granulite facies 
metamorphism, or they may date closure of the Sm-Nd system 
at some stage in the post-metamorphic cooling. The latter is 
strongly supported by the interpretation of the 2.66-Gyr zircon 
age as the result of zircon growth during granulite facies 
metamorphism’, and by 2.56 Gyr Rb-Sr ages on pegmatites"’ 
which intruded the basic gneisses after the granulite facies 
metamorphism”. Theoretical closure temperatures can be cal- 
culated from experimentally determined diffusion coefficients”, 
but such data are only available for Sm in grossular and pyrope 
at temperatures between 1,100 and 1,500 °C (see ref. 14 and 





Table 1 Sm-Nd isotopic analyses of minerals from three samples of 
garnetiferous basic gneiss 


ee ore mA AA AVAIL mT peered treba lanipa aeara: 





Sm 
Mineral 


(p.p.m.) 
40117, Scourie Mhor (GR 142442) 


Nd 


(p.p.m.) 


147Sm/" Nd 


+2o 


+20 


GT 1.64 0.94 1.0696 + 20 0.52690 + 22 
1.68 0.98 1.0529 + 134 0.52694 + 3 

CPX 3.47 11.65 0.183343 0.51279+4145 
OPX 0.15 0.61 0.151640 0.51210 £8 
PLAG 0.21 1.44 0.0889 + 1 0.510962 5 
MT 0.44 1.50 0.182441 0.81239+3 
0.47 1.64 0.1748 + 1 0.51262 +6 
HB 6.91 23.98 0.1772 +1 0.51233 43 

3966 ‘coarse’, north Scourie Bay (GR 152452) 

GT 1.70 1.31 0.79604 19 0.52277 £7 
1.75 1.36 0.793244 0.52273 £5 
CPX 0.63 2.36 0.1647 +7 0,51247 +3 
PLAG 3.11 19.11 0.100043 0.511314 

MT 0.25 1.90 0.08264 0.51157 +34 

3966 ‘fine’, north Scourie Bay (GR 152452) 

GT 1.91 1.52 0.7696+ 5 O5221543 
1.97 1.59 0.761424 0.52202 +5 
CPX 4.11 15,33 0.165013 0.51224 +3 
4.02 14.89 0.166142 0.512315 
PLAG 0.39 2.96 0.08135 0.51092 +3 
HB 7.40 29.87 0.1523 +6 0.5119342 





GT, garnet; CPX, clinopyroxene; OPX, orthopyroxene, PLAG, 
plagioclase, MT, magnetite; HB, hornblende. Most of the analytical 
uncertainty on the 476m /'**Nd ratio is from isotope dilution analysis of 
the Sm. For many of these analyses, Sm was run on a single Ta filament. 
Greater precision (+ 0.05%) has since been obtained by running Sm on 
a triple filament assembly with a central Re and side Ta filament. The 
high concentrations in plagioglase from sample 3966 ‘coarse’ reflect the 
presence of small discrete grains of apatite within the sample. 
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'47Sm/'4*4Nd 
Fig, 1 Sm-Nd diagrams. A‘’Sm=6.54x107!yr™', The 
regression errors have been multiplied by VMSWD to make 
allowance for the excess scatter. The magnetite (MT) data were 
omitted from the regression analysis of sample 3966 ‘coarse’. 


Table 2). To apply these data to Nd isotopes it must be assumed 
that (1) the diffusion behaviour of Nd is similar to that of Sm, (2) 
extrapolation from the experimental to geological temperature 
ranges using the Arrhenius equation is valid, and (3) the 
difference in diffusion coefficients between pure grossular and 
pure pyrope encompasses the value appropriate to the dated 
garnets (Alm, 6PyrooGross os). Consideration of anion 
porosity” suggests that Sm diffusion coefficients should increase 
systematically across the solid solution series from pyrope to 
grossular and for the end members this is confirmed by the 
experimental data (Table 2). Because of the variation in activa- 
tion energy with composition, at the temperatures of interest it is 
expected that Dp pyrope will be greater than D prossuiar ; Closure 
temperatures based on these values should bracket the closure 
temperature for the analysed garnets. 

Calculated closure temperatures are given in Table 2. The 
result for pyrope does not exceed 600°C even in conditions of 
very rapid cooling (100°C Myr™'); for grossular the cor- 
responding value is 775 °C. In each case a slower cooling rate 
reduces the calculated closure temperatures. These tempera- 
tures are below even the lowest estimated conditions at the peak 
of the granulite facies metamorphism (820°C)* so that the 
available diffusion data also suggest that the measured ages 
should be interpreted as cooling ages. 

While the concordant Sm—Nd ages indicate a close approach 
to isotopic equilibrium within the individual assemblages, that is 
between grains of 1-5 mm diameter, the initial ratios for the two 
assemblages from 3966 are significantly different, thus showing 
that the scale of diffusion 2.49 Gyr ago was « 100 mm. The 
higher initial ratio of 3966 ‘coarse’ also shows that the higher 
a a E A AANE 

Table 2 Diffusion in garnet 


eee e aa eeepc 


à E 

Mineral Species (m*s5~') (kJ mol™') Ref. T7,* 

Pyrope Sm 2.6 x10? 140 i4 480 

Grossular Sm 4.3 x10% 331 14 700 

Almandine- Fe~Mg 6.111074 344 17 725 
pyrope inter- 
diffusion 


eerste 
Diffusion rate, D, at temperature T is given by the Arrhenius rela- 
tionship: 
D = Do exp (-E/RT) 
where R is the gas constant. Theoretical closure temperature, T. is 
related to the cooling rate T by: 


E/RT, = in (~ AD)RT?/ETa’) (ref. 13 equation (11)) 


where a is the radius of the grain; A is a geometric factor, equal to $5 for 
radial diffusion in a sphere. 
* Closure temperature calculated for a cooling rate of 5°C Myr’. 
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bulk Sm/Nd ratio of this assemblage was established appreci- 
ably earlier than 2.49 Gyr. Figure 2 shows the evolution of 
'°Nd/'“4Nd with time for 3966. Because 3966 ‘coarse’ contri- 
butes insignificantly to the Sm-Nd mass balance for the whole 
sample, the pre-metamorphic evolution of this sample is 
approximately represented by the growth line for 3966 ‘fine’. 
The fact that this line intersects the error ellipse for the Lewisian 
whole-rock suite’ supports this interpretation. During 
metamorphism at ~ 2.62 + 0.12 Gyr, 3966 ‘coarse’ was formed 
as an isolated sub-system with higher Sm/Nd and its 
'"Nd/'“*Nd began to grow at a correspondingly faster rate. In 
view of the difficulties in estimating modes in coarse-grained 
rocks, this estimate of the time of segregation is very tentative, 
although the intersection age agrees well with the 2.66 Gyr age 
of metamorphic zircons*. 

The relation between the isotopic ages and the vemperature 
history based on conventional geothermometry is not as clear as 
the above discussion would suggest. Temperature estimates for 
the metamorphic peak have been based on feldspar ther- 
mometry®, pyroxene exsolution®’ and Fe~Mg binary exchange 
equilibrium between garnet and clinopyroxene’. In conditions 
of slow cooling, these reactions are also likely to continue after 
the metamorphic peak, like diffusion of Nd isotopes, until the 
relevant closure temperature is reached and the compositions of 
the minerals are frozen in. Realistic closure temperatures for the 
metamorphic reactions are difficult to estimate as the commonly 
used reactions involve major components whose diffusion rates 
may be strongly coupled with diffusion of other major 
components which do not directly participate in the reaction'®. 

For binary exchange reactions there may be further problems 
where the two minerals involved have different closure 
temperatures. Consider the Fe-Mg exchange between garnet 
and clinopyroxene. Apparent equilibration temperatures for 
this reaction in rocks from Scourie are typically between 750 and 
850°C (refs 5, 10, and F.J.H. unpublished data on the dated 
samples). Experimental data on the interdiffusion of Fe and Mg 
in garnet'’ (Table 2) indicate a closure temperature of 725+ 
30 °C for 5 °C Myr’ cooling rate. Diffusion is likely to be slower 
in clinopyroxene which would therefore close at a higher 
temperature than garnet. Below the closure temperature of 
clinopyroxene, garnet may potentially exchange with other 
Fe~Mg minerals, for example orthopyroxene in the coronas 
around garnets. This would result in a more Fe-rich garnet and 
lead to erroneously low temperature estimates. The consistency 
of temperatures calculated from garnet—clinopyroxene pairs and 


3966 coarse 4 | 
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Fig. 2 Nd isotopic evolution in sample 3966. The data points for 
3966 ‘coarse’ and 3966 ‘fine’ are the ages and initial ratios of the 
respective mineral isochrons. The data point for Lewisian whole 
rocks is the age and initial ratio of the whole-rock isochron from 
ref. 1. The 95% confidence ellipses were calculated following ref. 
18. The lines representing the growth of '“*Nd/'“*Nd with time 
were calculated from estimated ‘whole-rock’ Sm/Nd ratios for 
3966 ‘coarse’ and 3966 ‘fine’, based on modal analyses and the Sm 
and Nd contents of the analysed minerals. 





Nature Vol. 295 11 February 1982 


517 


“ert aaar teeter e errr rtp e-rnenrenanneenuspertrreremeinuneeranian petite errno ities 


likely closure temperatures perhaps indicates that this is not a 
major problem in the rocks considered here, although it may 
explain some of the lower temperatures that have been repor- 
ted". From the above discussion we know that binary exchange 
thermometers will not record the peak metamorphic tempera- 
tures if the relevant closure temperatures are exceeded. Thus 
neither the estimate of 820 °C based on such reactions’ nor the 
higher estimate of 1,250 °C (refs 6, 7), which was criticized on 
other grounds by Rollinson’, are well founded and the peak 
conditions of Scourian metamorphism remain uncertain. 

From the estimated closure temperatures for Nd and Fe-Mg 
in garnet it is suggested that the temperatures recorded by the 
garnet~—clinopyroxene geothermometer date from a time before 
2.49 Gyr. After the metamorphic peak close to 2.66 Gyr, the 
Scourian complex cooled at such a rate that temperatures 
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did not drop below ~600°C until after 2.49 Gyr. 
Our data confirm the potential of Sm-Nd dating in basic 
granulites and the ability to determine metamorphic conditions 
and isotopic ages on the same samples. However, diffusion of 
rare earth elements between mineral grains is sufficiently rapid 
in granulite facies conditions to prevent the preservation of 
Sm-Nd crystallization ages. Also the uncertain relationships 
between closure of different geochemical systems is a 
fundamental limitation on our ability to determine metamorphic 
conditions. 
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The presence of fossil fuel compounds in archaeological samples 
giving ages much higher than expected has long been suspected 
but never proved by appropriate chemical analyses. An exces- 
sively high conventional ‘“C age was found in an archaeological 
charcoal sample from Terga, Syria’ (S313, Table 1). Its’* C age 
of 28,700 yr BP was at variance with the archaeological context, 
and with the ‘“C age of several other samples’ (such as $283, 
Table 1) obtained from the same area and expected to date from 
~3000 BC or younger. The inconsistency can be explained by 
assuming contamination with geologically old material—either 
industrial petroleum products or ancient asphalt. We report 
here organic geochemical investigations of the sample 8313 and 
of sample $267, which gave a ‘*C age ~2,000 yr too old. A third 
charcoal sample (S283) from the same area, whose ‘‘C age was 
consistent with its known historical age, and an asphalt sample 
found stuck to the bottom of a goblet from another site in the 
area dated at 1700 BC on typological grounds, were also 
analysed. Similar studies of used crankcase oils from motor 
vehicles, weathered 0-2 yr, and of hydraulic transmission fluid 
show that modern motor oil cannot be the contaminant at this 
excavation site. Our data clearly indicate that ancient asphalt 
must be the source of contamination. Caution should be exer- 
cised, therefore, in interpreting ‘*C dates of archaeological 
samples from areas containing asphalt or other fossil fuel 
deposits. 

Fine charcoal samples were collected by D. Berry from and 
around an ancient dumpsite outside the ancient city wall of 
Terqa, Syria and stored in glass jars (see ref. 1 for details). 
Obvious extraneous matter, such as rootlets, was removed; the 
samples were converted to acetylene via lithium carbide? and 
counted in stainless-steel gas proportional B-detectors for +C 
(Table 1). 

The samples were Soxhlet-extracted successively with 
methanol and toluene/methanol (3:7v/v) for 100h. The 
extract was separated into hexane-insoluble (asphaltenes) and 


hexane-soluble (lipid or bitumen) fractions. The latter was 
fractionated into aliphatic and aromatic hydrocarbons and 
resins by silica gel column chromatography’. Samples $313 and 
$267 had asphaltenes and $267 also had traces of elemental 
sulphur (Table 1). Sample $283 had no asphaltenes, but a 
considerable amount of elemental sulphur and resinous material 
characteristic of wood. The fractions were analysed by gas 
chromatography (GC) and GC-mass spectrometry. Sample 
$313 was “°C tested again after exhaustive extraction with 
toluene methanol (3:7 v/v) and methylene chloride. After rins- 
ing with 11 of acetone to remove other organic solvents, the 
material was analysed for ‘“C measurements’. The '*C age 
determined was not significantly different from that found pre- 
viously for the unextracted sample (Table 1). 

The gravimetric (Table 1) and GC analyses revealed that the 
greater the discrepancy in age, the larger is the content of 
asphaltenes and hydrocarbons. The alkane profile of the control 
sample (S283) with correct ‘“C age was very different from those 
of the other two samples (Fig. 1, $267 not shown). 

The normal alkanes in sample $283 ranged from C,; to Cs; 
overlying a broad unresolved complex mixture (Fig. 1). Pristane 
and phytane are almost equally abundant. The carbon pre- 
ference index (CPI) is ~2.0, indicative of immature hydro- 
carbons derived from higher plant waxes’. Triterpanes are 
present in minor amounts and are mainly 17a(H), 218(H)- 
hopanes. The lipids in this charcoal sample appear to be of 
mixed secondary origin from biogenic sources and traces of 
petroleum-like products seem to have been leached into the 
area by water over thousands of years. The presence of a few 
pyrolytic arenes’ is consistent with such an input. The alkanes in 
samples $313 and $267 are predominantly cyclic triterpanes 
with minor amounts of steranes. Normal alkanes are found only 
in trace amounts (much less than in crude oils). The triterpanes 
consist mainly of a homologous series of 17a (H), 218(H)- 
hopanes and the extended hopanes (=C3,) occur as their two 
diastereomers (R and S at position 22) in approximately equal 
abundance’, In fact, the ratio of the first eluting epimer (22S) to 
the second eluting epimer (22R) in the C3,—C3; hopane series is 
~ 1.4 (measured with baseline GC resolution), consistent with 
mature ancient bitumen*. The aromatic fraction exhibits an 
unresolved hump over the entire boiling range, indicating heavy 
weathering of the lipid fraction. The low n- alkane content, such 
as that found in sample $283, could be masked in the other two 
samples which contain relatively higher concentrations of tri- 
terpanes from the presumed (fossil fuel) contamination. 

Possible sources of oil contamination in the area are crankcase 
oil from motor vehicles, although the samples were retrieved 
from a depth of 2 m below the surface of an area with little or no 
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Table 1 Organic geochemical results for archaeological samples from Terga, Syria 
Hexane 
Elemental -soluble Aliphatic Aromatic Asphaltenes 
Conventional sulphur“  Asphaltenes* lipids* fraction* fraction” PENE I EE AEE EET 

Sample C age (BP) (ugperg) ineperg) (ugperg) (ugperg) (ug per g) 87C O 6D 
Charcoal H/C (4 PDB) PDB (%o SMOW) 
$283 4.110476 ~15 a 144 4] 53 pi = z S 
Charcoal 
S267 §,700 + 160 Trace 900 1,440 260 86 L27 —27.61 -15.58 ~§0.9 
Charcoal 
$313 28,7004 1,100 _ 5,300 14,560 2,790 1,820 1.03 -27.61 ~ 15.88 Lost 

28,200 + 1,3007 

Asphalt 
from 
goblet vee vo 104,000 43,000 4,860 2,410 1.23 2795 —15.58 ~60.0 


ler statistical counting errors are given for the conventional Br dates. The calibrated dates in centuries can be ot tained using the table in ref 3. The age of the charcoal 


samples expected from stratigraphy is 3000 Bc, PDB, Peedee belemnite. SMOW, standard mean ocean water. La Jolla Laboratory numbers in sequence of increasing ‘*C 
are: LJ 5052, LJ 4823 and LJ 5031. 


Detector response 


* Gravimetric determination. 


is Charcoal S283 
{control sample) 
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Fig.1 Gas chromatograms of aliphatic fraction from charcoal and 
asphalt samples from Terqa, Syria. A Hewlett-Packard 5840A gas 
chromatograph equipped with a fused silica capillary column (SP- 
2100, 25 m, 0.2 mm i.d.) was used. The column was temperature- 
programmed for 35-275 °C, at 4°C permin. A 30m, SE-54 
(J&W) column of the same specifications was used for GC-MS 
analysis on a Finnigan model 4000 quadrupole mass spectrometer 
interfaced with a Finnigan Model 9610 gas chromatograph. The 
mass spectra data were processed with a Finnigan Incos Model 
2300 data system. n-Alkanes were identified by their retention 
times. Di- and triterpenoids were identified from m/z 191 mass 
chromatograms. Triterpanes 2=C 3, occur as R and § dia- 
stereomers. IS, internal standard (hexamethylbenzene): numbers 
(except when followed by a or 8) refer to n-alkanes; Pr, pristane; 
27a, 29a, and so on refer to 17a(H), 218(H)-hopanes with the 
designated carbon numbers; 29Ba is a Czy moretane (178(H), 
21a(H)). * Refers to the homologous series of methylated hopanes. 
Charcoal sample $267 had the same GC profile as $313 and 
therefore is not shown here. 


+ After exhaustive extraction with organic solvents. 


traffic until a few years ago, and ancient asphalt. The area on the 
Euphrates in Syria contains asphalt’, 

We analysed the hydrocarbon fractions of fresh hydraulic 
fluid and crankcase oil, fresh and weathered for ~1 month to 
2 yr. The crankcase oil was collected from underneath impoun- 
ded cars and the period of weathering of the spilled oil from the 
cars is documented. The GC profiles of the hydrocarbons in the 
oils (Fig. 2) have a major unresolved hump at Czo-C3o with a 
homologous series of n-alkanes and branched and cyclic hydro- 
carbons, in contrast to the contaminated charcoal samples which 
are depleted in n-alkanes. If the contaminant were crankcase oil 
weathered only since cars began operating in this region (20- 
40 yr), then almost total degradation of n-alkanes would be 
impossible. This can be surmised if we compare the fresh oil to 
the one weathered over two vears (also heated to a certain extent 
in the car). The maximum temperature to which crankcase oil is 
normally heated is ~205 °C (250 °C in diesel engines, D. God- 
frey, personal communication), which may not be high enough 
to pyrolyse all the n-alkanes'”'"' in the time during which the oil 
is heated in the car. Also, the stratigraphy at the sample loca- 
tions showed no streaks of spilled oil from the surface to the 2 m 
depth of the samples. These observations preclude automobile 
oil from being the contaminant. 

The only other possible source seems to be ancient, 
indigenous asphalt. Modern asphalt seems an unlikely candidate 
as there were no paved roads near the excavation site. An 
asphalt sample from a goblet in the area had the same n-alkane 
(trace amounts) and triterpenoidal distributions as did the two 
contaminated samples (Fig. 1). The H/C ratio and 6'°C data of 
the asphaltenes from the samples (Table 1) are typical of data 
reported for asphalts'*"'*. The close agreement in the stable 
isotopic data (of carbon, oxygen and hydrogen obtained accord- 
ing to ref. 15) of the asphaltenes also suggests a common source 
of asphalt in the contaminated samples and the asphalt from the 
goblet, that is, indigenous asphalt. 

The nonextractable residue, after exhaustive solvent extrac- 
tion, gave almost the same ‘*C age as the original sample (Table 
1), suggesting that the unusually old age is largely due to the 
insoluble pyrobitumen'® that could have originated from the 
asphalt. (Modern motor oil would probably be completely 
extracted by organic solvents used on sample $313, in which 
case the residue should have given a comparable age to that of 
other syngenetic samples in the area.) 

In the third millennium in Syria, the asphalt used for sealing 
cracks in ceramic vessels” and fastening tool heads onto 
wooden handles’ was probably melted by heating'*’°. Frequent 
reheating, coupled with weathering, might have altered most of 
the asphalt into pyrobitumen. The residual asphalt which did not 
undergo complete thermal alteration could contain a tri- 
terpenoidal profile similar to the one reported here. At elevated 
temperatures (~375 °C) straight-chain alkanes decompose’, 
whereas tricyclic diterpanes and pentacyclic triterpanes 
survive’. Indeed, the triterpenoidal distribution in the 
contaminated samples and asphalt are very similar to those of 
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pyrolysates from kerogen matrices**. These pyrolysates have 
lesser amounts of steranes and moretanes compared with tri- 
terpanes and the Cz5@ hopane is more abundant than the C3 a 
homologue, as is observed here (Fig. 1). A minor series with m/z 
205, analogous to the major hopane series, is also present, 
indicating an extra methyl group in the A or B ring. 3-Methyl- 
hopanes have been detected in bacteria? and the presence of 
the methylated hopanes implies microbial residues probably 
involved in the synthesis of petroleum hopanes”*. Water wash- 
ing and biodegradation of crude oil in reservoirs also could 
remove n-alkanes and isoprenoids and lead to a similar dis- 
tribution of triterpenoids in the resultant asphalt”? as these 
compounds do not seem to be significantly affected by bacterial 
degradation****. It is not surprising, therefore, to see the 
biomarker steranes and di- and triterpanes (derived from the 
thermally altered and probably biodegraded indigenous asphalt) 
in the charcoal samples. 

A broken storage pot of asphalt dumped in refuse could easily 
have contaminated some of the charcoal samples excavated 
from the ancient dumpsite. It is also feasible, that some of the 
native asphalt might have undergone thermal alteration by its 
proximity to the fireplace from which the charcoal samples could 
have originated. It is not known whether the asphalt was used as 
a fuel. 

According to the “*C data, pyrobitumen from ancient asphalt 
has contributed as much as 95.5% and 18% to the total carbon 
in samples $313 and S267 respectively. This large amount 
explains why, after removing the solvent solubles, a younger '*C 
age was not observed for $313. The extractable material was 
much lower in concentration relative to the non-extractables. 

This is the first organic geochemical study to verify 
contamination in ““C dated archaeological samples, which could 
account for much older apparent ages than expected. 
Chronologies based on “C dates of archaeological materials 
containing fossil organic carbon in the absence of confirmatory 
molecular analysis should be accepted with caution. Similar 
organic geochemical analyses of a few samples (14C dated) from 
Jericho and Jarmo (northern Iraq) where traces of asphalt have 
been found on ancient stone tools’? are in progress. 

We thank I. R. Kaplan for encouragment and advice, B. R. T. 
Simoneit, R. Eganhouse and I. R. Kaplan for reviewing the 
manuscript, E. Ruth for GC~MS analyses and D. Winter for 
helping in the stable isotope analyses. H.E.S. greatly appreciates 
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Fig. 2 Gas chromatograms of aliphatic fraction from crankcase 
oils. Experimental details as for Fig. 1. Numbers refer to n- 
alkanes; Pr, pristane. 
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The enkephalins appear to share a common precursor which is 
distinct from pro-opiocortin’”. The adrenal proenkephalins 
have molecular weights (M,s) in the range 5,000-30,000 with 
the largest species containing six copies of Met-enkephalin to 
one of Leu-enkephalin®. The brain proenkephalins appear to 
differ in that the molecular weights are in the range 5,000- 
90,000 and digestion of the largest protein with trypsin and 
carboxypeptidase B generates approximately equal proportions 
of Met- and Leu-enkephalin*. During our studies of brain 
proenkephalin we noted the generation of enkephalin- 
immunoreactive species that were chromatographically distinct 
from Met- and Leu-enkephalin. Here we identify one of these 
species as O-sulphated Leu-enkephalin and suggest possible 
roles for sulphation in the metabolism of opioid peptides. 
Digestion of the striatal proenkephalin fraction (M,> 5,000) 
with trypsin yielded a mixture of enkephalin-like immunoreac- 
tive and bioactive opioid species; these were separated by 
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high-voltage paper electrophoresis (HVPE) at pH 6.5 into basic, 
neutral and acidic species. The neutral peptides were analysed 
by reverse-phase HPLC using antisera directed against Met- 
and Leu-enkephalin, which showed that the two peptides were 
present in a ratio of 2:1. The precursor pool therefore contains 
extreme C-terminal enkephalin sequences with the Leu-enke- 
phalin form predominating. Treatment of the basic peptide 
fraction with carboxypeptidase B yielded a further mixture of 
Met- and Leu-enkephalin with the former predominating 
although we were unable to determine an absolute ratio because 
of the presence of other unidentified immunoreactive species. 
Treatment of the acidic fraction with carboxypeptidase B resul- 
ted in an increase in Leu-enkephalin immunoreactivity but this 
activity still moved towards the anode at pH 6.5 and was found 
to possess a negative charge even at pH 1.9. Isoelectrophoretic 
analysis confirmed the presence of immunoreactive and bioac- 
tive opioid peptides with pI values of 3.5 to <2.5, that is, beyond 
the range of our ampholyte system. The peptides derived from 
trypsin and carboxypeptidase B digestion were subjected to . 3 l 
HVPE both before and after treatment with neuraminidase, n aa, aa a S 
phosphatase and arylsulphatase. Treatment with the first two Elution time (min) 

enzymes had no discernible effect on the mobility or 
immunoreactivity of the acidic fraction; however, aryl- 
sulphatase treatment caused a marked increase in Leu-enke- 
phalin immunoreactivity which now co-migrated with marker 
enkephalin. When the acidic peptide fraction derived from 
trypsin digestion alone was reacted with arylsulphatase, the 
products were found to carry a positive charge at pH 6.5. 
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Fig.2 Reverse-phase HPLC analysis of acidic Leu-enkephalin 
(LE)-immunoreactive peptide. Sheep striatum (70 mg protein) was 
extracted and treated with trypsin as in Fig. 1 and the acidic 
Leu-enkephalin-immunoreactive peak isolated by DEAE 
chromatography. This material was incubated at 37 °C for 2 h with 
10 ug of carboxypeptidase B in 50 mM Tris-HCl, pH 8. One half of 
the sample was then incubated with arylsulphatase (0.5 unit) from 
Patella vulgata (200mM sodium acetate, PH 5 for 2h). The 
products of these digestions were absorbed on Poropak-Q and then 
Enk chromatographed on a 250 x 4 mm Partisil-10-ODS-2 column in 
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> {NaCl}(M) isocratic conditions (160 ethanol/250 water/3.5 acetic acid by vol) 
2 a id at 0.8 ml min`’. The lower panel shows the elution profile of LE1 
5 l Pia 7 immunoreactivity after trypsin and carboxypeptidase treatment, 
= lom | k “ 7 the upper panel after the additional arylsulphatase treatment. 
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& | | | 2 ‘ Gradient elution of the tryptic digest on Sephadex-DEAE 
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g = | | | | antibodies and were strongly basic. Peak 3 corresponded to the 
£ | | E | E | elution position of authentic Met- and Leu-enkephalin, the 
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than for anti-Met-enkephalin antisera. Peak 4 was divided and 
one fraction treated with carboxypeptidase B, the other with 
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Fig. 1 Separation of tryptic opioid peptides by DEAE-ion- 


exchange chromatography. Mouse striatum was extracted with 
10 mig”! of 1M acetic acid adjusted to pH 1.9 with HCl. The 
soluble proteins were passed through a Sephadex-G25 column and 
the excluded volume was collected and lyophilized. This protein 
fraction was dissolved in 50 mM Tris-HCl pH 8, incubated with 
trypsin (1 mg per 100 mg protein) for 4 h, then passed through a 
400 mg Poropak-Q column and after a water wash the absorbed 
peptides were eluted with ethanol. The dried ethanol eluate was 
dissolved in 50 mM Tris-HCI, pH 9.25 and applied to a 20 x 0.7 cm 
DEAE-~Sephadex (A-25) column. The column was first developed 
with 28 ml of 50 mM Tris-HCI pH 7.3, at which point a linear salt 
gradient was started. Aliquots of each 2.5-ml fraction, cor- 
responding to 3 mg of starting tissue, were immunoassayed with 
both anti-Leu-enkephalin-antisera (LE1, 5% cross-reactivity with 
Met-enkephalin) and anti- Met-enkephalin-antisera (ME-T1, 
<0.1% cross-reactivity with Leu-enkephalin). The first two peaks, 
0.6 and 1.2 pmol Met-enkephalin-equivalents, represent basic 
peptide fractions and only reacted with ME-T1. The third peak 
(0.33 pmol) corresponds to the elution position of authentic enke- 
phalin and contained Leu- and Met-enkephalin in a 2: 1 ratio. The 
fourth peak (0.11 pmol Leu-enkephalin (LE) equivalents) only 
reacted with LEI and carried a negative charge at pH 6.5. Treat- 
ment of this peak with carboxypeptidase B gave a slight increase in 
immunoreactive material carrying a negative charge at pH 1.9. 
(Note that cross-reactivity of LE1 with Arg or Lys C-terminal- 
extended Leu-enkephalin is only slightly less than that of O- 
sulphated-Leu-enkephalin.) 


carboxypeptidase B and arylsulphatase. These fractions were 
chromatographed on a Partisil-10-ODS (octadecyl silane) 
HPLC column (Fig. 2). Immunoassay of the effluent revealed 
the presence of a small Leu-enkephalin-immunoreactive peak 
in the carboxypeptidase B-treated fraction, this peak being close 
to, but not coincident with, an authentic Leu-enkephalin 
sample. The arylsulphatase-treated fraction yielded a much 
larger Leu-enkephalin-immunoreactive peak coincident with 
authentic Leu-enkephalin. Identical results were obtained with 
protein extracts of both mouse and sheep striatum. 

These results indicated the presence in our protein fraction of 
a sulphated Leu-enkephalin sequence flanked by basic amino 
acids. Trypsin digestion alone should liberate a sulphated Leu- 
enkephalin sequence containing C-terminal Arg or Lys residues 
and carrying an overall negative charge due to the presence of 
O-sulphate. Treatment with arylsulphatase should change the 
overall charge to +1 due to the loss of sulphate while treatment 
with carboxypeptidase B and arylsulphatase yields a Leu- 
enkephalin-like peptide having no overall charge at pH 6.5. We 
cannot exclude the possibility that some sulphated Leu-enke- 
phalin sequences might exist at the extreme C-terminal of 
proenkephalin but the above evidence supports an internal 
location for most of the material. 

In view of the small amounts of natural material available, the 
O-sulphate ester of Leu-enkephalin (LES) was prepared and its 
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properties compared with those of the material derived from 
enzymatic digestion of striatal proenkephalin. LES was pre- 
pared by coupling N-t-butoxycarbony]-1-tyrosine-O-sulphate 
barium salt with glycylglycyl-1-phenylalanyl-1-leucine t-butyl 
ester. The final purified product was homogeneous in five TLC 
and two HPLC systems and gave amino acid ratios, after 
aminopeptidase M digestion, of Tyr(SO3H) (1): Gly (1.99): Phe 
(0.97): Leu (1): Tyr (0), (J.S.M. and C. F. Hayward in prep- 
aration). LES caused a dose-dependent, naloxone-reversible 
inhibition of both the mouse vas deferens and guinea pig ileum 
but had only 0.0001 times the activity of Leu-enkephalin in 
these assays. Its cross-reactivity with our anti-Met- and anti- 
Leu-enkephalin antisera was <0.1% and 5% respectively. LES 
has no intrinsic opiate receptor activity as a small proportion can 
undergo desulphation during bioassay. Incubation of LES with 
arylsulphatase for 2-4h caused a maximal conversion of 20- 
30% of the material to Leu-enkephalin within 2 h. An alter- 
native method of desulphation was developed based on the 
observation that exposure of LES to anhydrous trifluoroacetic 
acid (TFA) during its synthesis causes a rapid loss of the sulphate 
moiety. Incubation of dried samples of LES with anhydrous 
TFA (50 ug LES in 500 pl TFA) at 37 °C resulted in complete 
conversion to Leu-enkephalin within 80min as judged by 
HPLC. No other product was detected by HPLC nor was there 
any alteration of Leu-enkephalin activity. 

Synthetic LES and our acidic Leu-enkephalin-immunoreac- 
tive fraction had identical mobilities in several chromatographic 
systems including silica-gel TLC, Partisil-10-anion-exchange 
HPLC and reverse-phase HPLC. Synthetic LES eluted between 
Met- and Leu-enkephalin on the Partisil-10-ODS system with 
overlap between Leu-enkephalin and LES. This was consistent 
with the result obtained before the synthetic material was 
available (Fig. 2). Complete separation of LES from the enke- 
phalins was achieved by gradient elution on a p-Bondepak C18 
column (Fig. 3). Several peaks of immunoreactivity were 
observed in this separation but only those fractions co-eluting 
with authentic LES showed a marked increase in immunoreac- 
tivity after treatment with TFA or arylsulphatase (Fig. 3). 

LES was also detected in the free form as part of the endo- 
genous peptide pool in brain extracts. Material having the 
chromatographic properties of LES was detected by 
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Fig.4 Detection of endogenous acidic opioid peptides. Mouse 
striata were extracted as described in Fig. 1 legend and the peptide 
fraction separated from protein on Sephadex G-25. Acidic 
peptides were isolated by DEAE-Sephadex chromatography. The 
acidic peptides were chromatographed on a 250 x 4 mm Partisil- 
10-SCX column in isocratic conditions (10 mM NaH,PO,4/H3PO0,4 
pH 2.4; 0.5 and 0.4 ml min`" for traces a and b respectively). 
Samples equivalent to 480 mg of starting tissue were used. a, 
Elution profile of an untreated sample. b, Chromatogram obtained 
for a sample that had been incubated with TFA for 80 min. In a, 
2min samples were collected and divided, one half being bio- 
assayed directly on the mouse vas deferens for naloxone-reversible 
activity and the other half being treated with TFA before bioassay 
(shaded column). One fraction in a contained 45 pmol of intrinsic 
activity; treatment of this sample with TFA increased the activity to 
198 pmol. In contrast, the other fractions contained no activity 
either before or after TFA treatment. In b, 1 min fractions were 
collected and bioassayed directly; opiate activity was detected in a 
peak emerging just after the position of authentic LES and coin- 
cident with authentic Leu-enkephalin. Activity is expressed in 
pmol Leu-enkephalin (LE) equivalents. The upper traces are the 
206 nm absorption traces for the tissue samples and the broken 
traces those of marker peptides. Order of elution (right to left): 
LES, Met- and Leu-enkephalin. 
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Fig.3 Identification of the sulphate ester of Leu-enkephalin from 
mouse striated protein. The acidic fraction of a tryptic digest was 
isolated as described in Fig. 1 legend and then treated with car- 
boxypeptidase B. The final digested sample was chromatographed 
on a u-Bondepak C18 reverse-phase column (0.78 x 30 cm). The 
initial conditions were 5% acetic acid/propranol (90/10 v/v) with 
a 30-min concave gradient to give final proportions of 60/40 (v/v) 
and this was continued for a further 15 min. Fractions (1 ml) were 
collected and aliquots divided, one half being immunoassayed 
directly with LE1 antisera (dotted lines), and the other half treated 
with TFA before immunoassay (solid lines). The values correspond 
to 20 mg wet weight of mouse striatum. Several small peaks of 
Leu-enkephalin immunoreactivity were detected before TFA 
treatment, but only fractions 33-34, corresponding to the elution 
position of LES (superimposed UV absorption trace), showed a 
marked increase after TFA. A threefold increase in immunoreac- 
tivity was also seen with fraction 37. 


immunoassay or by bioassay after TFA treatment in several 
systems including silica-gel TLC, reverse-phase and cation- and 
anion-exchange HPLC. In Fig. 4a, material eluting at the posi- 
tion of synthetic LES was bioassayed before and after TFA 
treatment of the eluate fractions. Naloxone-reversible activity 
(~45 pmol) was detected in one fraction before TFA treatment. 
However, ~200 pmol of activity were detected in the same 
fraction after TFA treatment. As LES is only bioactive at 
nanomolar concentrations it was unlikely that the activity 
detected before TFA treatment was due to LES. Support for the 
existence of both LES and another intrinsically active opioid in 


_ this sample was obtained by chromatography of an identical 


sample on the same column after treatment with TFA. There 
were two peaks of activity, one (~120 pmol) corresponding to 
Leu-enkephalin arising from the desulphation of LES and the 
other, earlier peak (~40 pmol) eluting close to but slightly later 
than marker LES (Fig. 45). The bioactivity detected in Fig. 4a 
before desulphation was quantitatively the same as that detected 
in Fig. 4b close to the LES elution point, the increase in 
bioactivity (Fig. 4a) after TFA was also quantitatively similar to 
the amount of Leu-enkephalin detected in Fig. 4b. 

The intrinsically active acid opioid peptide fraction, LES, the 
enkephalins and more basic endogenous opioid peptides were 
also separated and detected by isoelectrophoresis (Table 1). We 
demonstrated the existence of basic opioids which migrated to 
the cathode (pI >7.5), the enkephalins (pI 5.0-5.5) and a more 
acidic fraction (pI 2.9-3.1). None of the fractions showed any 
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Table 1 Isoelectrophoretic separation of rat brain opioid peptides 
TOE a al eae atc A ee et Noe A 
Leu-enkephalin equivalent activity (pmol) 


pi Untreated eluate TFA -treated eluate 
>7.5 110 120 
4,9-5,5 460 425 
2.9-3.2 60 48 
<2.5 0 80 
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Three whole rat brains were homogenized in 5% TCA (10 ml per g 
tissue) and the solubilized peptides were absorbed on 200 mg of Poro- 
pak-Q; after a water wash the peptides were eluted with 5ml of 
methanol. The methanol eluate was divided and dried. Isoelectric 
focusing was carried out on horizontal slab gels of Ultradex (prepared as 
recommended by LKB). Two runs were made with pH gradients of 5-8 
and 2.5-4.0 respectively (2% Ampholines (LKB); 8 W constant power 
at 10°C for 12h). At the end of each run the gels were sliced and 
the peptides eluted with 2 ml distilled water. The samples were then 
absorbed on to Poropak-Q which was washed thoroughly with water to 
remove ampholines, then eluted with methanol. The dried methanol 
eluates were bioassayed directly on the mouse vas deferens and after 
TFA treatment. Trace amounts of *H-labelled enkephalins added to the 
original samples were also used to establish the isoelectric points of these 
peptides: Leu-enkephalin = 5.4 (5.2-5.5); Met-enkephalin = 5.2 (4.9- 
5.3). 


enhancement of activity after TFA treatment except material 
from the anode where LES would be expected to migrate with a 
pl of <2.0. 

We have detected the presence of protein-incorporated LES 
in sheep, mouse and guinea pig striatum. The free peptide, 
which is also present in these species and the rat, appears to 
constitute 10-20% of the total free pool of Leu-enkephalin. The 
proportion of LES in the proenkephalin fraction may be much 
higher, initial studies indicating that as much as 50% of protein- 
incorporated Leu-enkephalin may be sulphated. We have also 
detected LES in the high-molecular weight proenkephalin‘* and 
thus sulphation may occur early in peptide biogenesis, possibly 
at the nascent peptide stage. The sulphate ester of Met-enke- 
phalin has not been detected although we cannot exclude 
completely its occurrence. 

The significance of these findings is unknown. Sulphation may 
represent an inactivation mechanism, a signal for selective 
precursor cleavage or a means for conferring novel non-opiate 
activities on opioid peptides. The brain contains several endo- 
genous enkephalin-related peptides including a-neo-endor- 
phin’, dynorphin®, Met’-enkephalinylarginylphenylalanine’ as 
well as Met- and Leu-enkephalin*. At present we do not know if 
they share common biosynthetic pathways but it will be of 
considerable interest to determine whether any of these other 
peptides undergo sulphation. In the pro-opiomelanocortin 
system, N-acetylation’ can lead to the activation of melanotro- 
pin and inactivation of B-endorphin, thus providing a flexible 
system for determining the nature of active products generated 
by a common precursor. It remains to be determined whether 
sulphation has a similar role in the proenkephalin system. 

We thank Professor H. R. Morris, Dr G. Taylor, Dr C. F. 
Hayward, Mr A. Etienne, Ava Singh and Miss B. Birchmore 
for their help and advice. This work was supported by grants 
from the MRC and Nuffield Trust to J.H. C_.D.U. is an MRC 
scholar. 
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Molecular size of benzodiazepine 
receptor in rat brain in situ: 
evidence for a functional dimer? 
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Benzodiazepine tranquillizers such as diazepam and chlordi- 
azepoxide interact with high-affinity binding sites in nervous 
tissue’’. The correlation between the affinities of various 
benzodiazepines for these sites with their clinical potencies and 
activity in behavioural and electrophysiological tests in animals 
suggests that the sites represent the functional ‘receptor’ 
whereby benzodiazepines exert their effects’, The intimate 
involvement of benzodiazepines with y-aminobutyric acid 
(GABA) and chloride channels raised the possibility that the 
benzodiazepine binding site (BDZ-R) may be a protein in the 
GABA receptor—effector complex**. GABA agonists enhance 
the affinity of BDZ-R for benzodiazepines“, although BDZ-R is 
distinct from the GABA receptor itself’, However, electrophy- 
siological evidence suggests that the action of benzodiazepines is 
chloride channel, rather than receptor, directed’. Several 
attempts have been made to measure the molecular weight (M) 
of BDZ-R after solubilization from brain membranes: treat- 
ment with 1% Triton X-100 followed by assay of binding 
activity in solute fractions separated according to molecular 
weight suggested’’ a value of ~200,000, photoaffinity labelling 
of BDZ-R with *H-fiunitrazepam (“H-FNZ) followed by more 
rigorous solubilization and gel chromatography indicated!” an 
apparent M, of ~55,000 and a third approach’ a value of 
~ 100,000. The measured molecular weight seems to depend 
critically on the solubilization procedure used. Chang et al." 
recently described the use of radiation inactivation to determine 
the size of BDZ-R in situ in calf brain membranes, and esti- 
mated a M, of 216,000. We have also used this approach; the 
results reported here indicate a M, of between 90,000 and 
100,000, but this is reduced to 60,000-63,000 in membranes 
pretreated with GABA, suggesting the disaggregation of a 
normally dimeric form. 

Radiation inactivation has been widely used to obtain the 
molecular weights of enzymes and other soluble macromole- 
cules, and the technique has also been applied to membrane- 
bound proteins such as the (Na*+K*)ATPase in erythrocytes, 
the tetrodotoxin binding site in neuronal membranes and the 
glucagon-stimulated adenlyate cyclase in hepatocytes'®. The 
method has the great attraction of allowing size determinations 
to be made on functionally defined membrane proteins in situ. 
High-energy particles can inactivate biological macromolecules 
according to classical target theory: thus, if inactivation is 
considered an all-or-none event, the relationship between 
degree of inactivation and radiation dose will be an exponential 


< one, whose decay constant will be solely a function of molecular 


size. This can be computed from the dose of radiation in 
megarads required to reduce biological activity by a factor of 1/e 
(the D3) using a conversion constant which has been derived 
both theoretically and empirically” 


M, =6.4x 10°/D3, 


The radiation dose delivered was independently monitored by 
assaying an endogenous membrane marker of known molecular 
weight (acetylcholinesterase): the measurements indicated a M, 
of 65,000 for the enzyme, in good agreement with previously 
determined values”, 

In the present study we irradiated in vacuo lyophilized 
neuronal membranes from rat brain with electrons accelerated 
through 16 MeV by the linear accelerator at Addenbrooke’s 
Hospital, Cambridge for various times at a rate of 2 Mrad min`’. 
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Table 1 Affinity (Kp) and capacity (Bmax) of "H-FNZ binding sites 
determined by Scatchard analysis 





Ka B max 
(nM) (pmol per g protein) 
Fresh membranes 2.5+0.3 282+11 (n = 3) 
Lyophilized membranes 2.3 270 
Irradiated membranes 2.0 90 





Values are compared in freshly prepared membranes, lyophilized and 
reconstituted membranes, and lyophilized membranes irradiated with 
10 Mrad high-energy electrons before reconstitution. Each deter- 
mination used data from triplicate determinations of specific binding at 
eight 3141-FNZ, concentrations between 0.1 and 10 nM. For Ky values, 
repression analysis of the slopes of Scatchard plots revealed no 
significant difference between experimental groups. 


The residual BDZ-R activity was measured using a conventional 
3H-FNZ radiolabelling assay and compared with non-irradiated 
controls. The binding properties of lyophilized membranes were 
not significantly different from freshly prepared membranes 
(Table 1); by contrast the increase in GABA receptor affinity on 
freezing is well documented”’. 

Figure 1 demonstrates that electron bombardment 
inactivated BDZ-R and the linear nature of the lo garithmic 
transform suggests loss of a single component of homogeneous 
size; further experiments show that this linearity is preserved up 
to doses inactivating >90% of BDZ-R activity. Irradiation 
produced no change in the nonspecific 3H-FNZ binding. Scat- 


Dose (Mrad) 
4 6 





% Residual activity 


Fig.1 Inactivation of 7H-FNZ binding sites in rat neuronal membranes by 
high-energy electrons in the absence (O) and presence (@) of GABA. 
Membranes were prepared by homogenization of whole brain tissue 1:40 
(w/v) in 50 mM Tris-citrate buffer pH 7.1, followed by 20 min centrifugation 
at 50,000g. The pellet obtained was resuspended and centrifuged a further 
four times before use. Pellets were suspended in distilled water with or 
without 107M GABA and aliquots lyophilized in 5 ml glass centrifuge 
tubes. The tubes were evacuated and irradiated at 2 Mrad min`}; during 
irradiation they were cooled by a stream of air that had passed through dry 
ice to maintain the temperature below 60 °C; this heating had no effect on 
the binding properties. Following irradiation, the samples were suspended in 
Tris-citrate buffer at a concentration of ~3 mg protein per ml, and the 
amount of 23H-FNZ binding assessed: 500-1] aliquots were incubated at 4 °C 
for 30 min with 0.5 nM °H-FNZ and the binding terminated by filtration. 
‘Specific’ binding was defined as the component displaceable by excess 
(2 uM) FNZ, and represents ~95% of total binding in control samples. Each 
sample was assayed in triplicate, and the data represent mean +s.e.m. of six 
independent experiments. Residual 3H-FNZ binding is expressed as the 
percentage of that seen in non-irradiated controls. In these controls, specific 
binding represented 18.8+0.7 pmol per g protein, which was significantly 
increased (P < 0.05) in the presence of 10 “M GABA to 22.4 + 1.5 pmol per 
g protein. The data were plotted as a semi-log transform, and the exponential 
decay lines of best fit computed by linear regression analysis. Intercept 
values (1/e) were 7.2 (5.8-8.6; 95% confidence limits) Mrad and 10.1 
(9.1-11.1) Mrad, without and with GABA respectively. The dose of irradia- 
tion was monitored by measuring current flow to Earth from a Faraday cup 
before which the samples were mounted. The current flux was regularly 
calibrated by reference to absorbance change in clear Perspex HX mounted 
in place of the samples”. The dosimetry was independently confirmed by 
monitoring the acetylcholinesterase activity in aliquots of the brain 
membranes by the colorimetric method of Ellman et al”. 


chard analysis shows that loss of activity reflected a loss of 
binding sites rather than a change in binding characteristics—as 
might be expected if the inactivation were not all-or-none 
(Table 1). The radiation-sensitive M, calculated from these data 
is 89,000 15,000. 

We also studied the molecular size of the BDZ-R in 
membranes treated before lyophilization with 10 ~M GABA, a 
concentration sufficient to cause a maximum increase in BDZ-R 
binding affinity®. In these membranes, the radiation-sensitive 
size was significantly (P<0.05) decreased to 63,000+7,000. 
Values obtained from a further series of five experiments were 
102,000 and 60,000 without and with GABA respectively; 
these values are not significantly different from the original 
values. The simplest explanation of this effect of GABA is that 
BDZ-R may exist as a dimer whose disaggregation is triggered 
by GABA receptor activation. If, as discussed above, BDZ-R is 
related to the chloride ion channel, then it is possible that 
GABA receptor activation causes the separation of two trans- 
membrane proteins, thus opening a chloride ion channel; the 
open channel (BDZ-R monomer) would have a higher affinity 
for the benzodiazepines than the closed channel (BDZ-R 
dimer). A similar model of protein transformation in a receptor— 
ionophore complex has been postulated for GABA on physi- 
cochemical grounds'®, and parallels current models for the 
nicotinic acetylcholine receptor’. 

The apparent molecular size reported here for BDZ-R, 
between 90,000 and 100,000, is not significantly different from 
the value obtained by Braestrup et al.'*. The more rigorous 
purification of photoaffinity-labelled BDZ-R which yields a 
weight of 55,000 may produce the ‘monomeric’ BDZ-R we have 
postulated above. The 200,000-M, moiety labelled after solu- 
bilization’® is still sensitive to GABA” and co-chromatographs 
with ?H-labelled receptors’, thus may represent the GABA 
receptor-ionophore complex, rather than independent BDZ-R. 
It is not clear why Chang et al.’° found a value of ~200,000, 
using a similar radiation inactivation technique. However, they 
used a different species (ox) and treated the brain membranes 
with Triton X-100, which may affect the state of aggregation of 
membrane proteins. 

The present study demonstrates the feasibility of using radia- 
tion inactivation not only to measure the size of membrane- 
bound receptors, but also to analyse physicochemically the 
effects of interactions between transmitters, receptors and 
effectors on their molecular properties. 

We thank Dr J. C. Ellory for useful discussion, Mr R. Gould- 
stone and his staff in the Radiotherapeutics Department, 
Addenbrooke’s Hospital, Cambridge for operating the linear 
accelerator and Mrs I. Anderson for typing assistance. A. D. isa 
MRC scholar. 
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The transmission of signals between cells of the early preim- 
plantation embryo may be important in the recognition of 
relative cell position, thereby influencing the direction of cell 
differentiation’. Gap junctional (water-permeable) channels 
may provide one route for such signal transmission‘. A previous 
report’, in which intact, zona-free mouse embryos were impaled 
by microelectrodes, demonstrated that gap junction-mediated 
dye transfer and electrical continuity were absent between 
blastomeres of two- and four-cell embryos but appeared during 
the eight-cell stage. It is at the eight-cell stage that compaction 
occurs, during which cells polarize’, flatten on each other’ and 
Show the first morphological evidence of intercellular 
junctions’'’, We report here the use of a simple, non- 
iontophoretic method to detect the passage of a low- 
molecular-weight dye between aggregated blastomeres of the 
early preimplantation mouse embryo. Cells are incubated in the 
nonfluorescent, non-polar reagent, 6-carboxyfluorescein 
diacetate (CFDA)™™", which enters the cell freely, where it 
becomes entrapped following enzymatic conversion” to the 
hydrophilic fluorophore 6-carboxyfluorescein (CF; molecular 
weight 370). The labelled cells may then be aggregated with 
unlabelled cells and the formation of communicating channels 
between cells is revealed by the passage of dye from labelled to 
unlabelled blastomeres. CFDA provides better results than 
previously used fluorescein esters’*'*, which hydrolyse to a 
much less hydrophilic fluorophore that leaks from the cell 
relatively quickly'"'*, Using CFDA we have confirmed that the 
capacity to form channels is lacking at all stages from the mature 
oocyte to the four-cell embryo but appears during the first 6 h of 
the eight-cell stage, preceding the fully compacted state. 

In preliminary experiments, it was established that CFDA 
(derived from a 10mgml™' stock solution in acetone) at 
concentrations of 4-40 ug ml’ in phosphate-buffered medium 
(PB1)"° labelled cells brightly, with no detectable effects on 
viability or subsequent division. The dye was distributed evenly 
throughout the cytoplasm (Fig. 1), leaked only slowly from two-, 
four- or eight-cell blastomeres, as reported for the lympho- 
cyte'', although somewhat faster from unfertilized or fertilized 
eggs, and was not taken up in detectable quantity by unlabelled 
blastomeres co-cultured with labelled blastomeres. Free trans- 
fer of dye was detected only between aggregated blastomeres 
from the eight-cell embryo (Figs 1, 2). 

The first sign of dye transmission was the appearance of a 
weak fluorescence in the unlabelled blastomeres, which 
subsequently increased, concomitant with a decline in the 
fluorescence of the labelled blastomeres, until all blastomeres 
fluoresced with similar intensity (Fig. 1). No dye was transferred 
between aggregated pairs of unfertilized eggs (Fig. 3a, b; 43 
pairs observed at 15-17 h following injection of human chori- 
onic gonadotropin [hCG]), consistent with earlier studies”, 
or between one-cell embryos (18 pairs observed at 20h 
post-hCG). Blastomeres from two- and four-cell embryos were 
not able to transmit dye (68 and 20 pairs examined respectively), 
even when cultured for up to 5 h (Figs 2, 3). A similar result was 
obtained from all pairings between cells of different embryonic 
Stages from mature oocyte to eight-cell embryo (229 aggregates 
examined in various combinations), even when one cell of the 
aggregated pair was from a population proved capable of 
transmitting dye within itself (Fig. 3). 
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Fig. 1 Passage of CF between blastomeres derived from eight-cell mouse 
embryos. Female CFLP mice (Hacking and Churchill) were superovulated 
by intraperitoneal injection of STU (international units) pregnant mare 
serum (PMS; Folligon} and SIU human chorionic gonadotropin (hCG) 
(Chorulon) 44-48 h later. Mice were mated, and compacted eight-cell 
embryos (~70 h post-hCG) were recovered, their zonae pellucidae removed 
and they were then disaggregated to either single cells (1/8) or pairs of cells, 
according to established procedures’. Blastomeres were then taken through 
four changes of CFDA (4 ug mf *: in phosphate-buffered medium (PB1)'® 
without protein, and incubated in suspension in the final change of labelling 
medium for 2 min and then rinsed three times in PBI containing 4 mgm"! 
bovine serum albumin (BSA). Labelled cells were then aggregated to 
unlabelled cells using phytchaemagglutinin (Gibco Biocult) (5% v/v of stock 
solution in Ca**-deficient medium 16+6 mg ml~' BSA), shown previously 
to have no obvious effect on development*'’, rinsed in PB1+BSA and 
cultured as described previously* in drops of medium 16+ 4 mg ml”! BSA at 
37 °C in 5% CO, in air, under oil in plastic cell culture dishes {Sterilin). After 
3h, the aggregates were mounted in PB1+BSA on a tissue typing plate 
(Baird and Tatlock} and viewed with a Zeiss photomicroscope (filter set 
487709 with incident source HBO 200 for epifluorescence [b, d] and 
transmission optics for brightfield [a, c ]}. Photographs were taken on Kodak 
Tri-X 35 mm film, Fluorescence exposures were of 2 min duration. a, b, No 
transfer of CF between a labelled and unlabelled pair of blastomeres has yet 
occurred. c, d, Complete exchange of dye has occurred between the labelled 
pair and the unlabelled pair. Scale bar, 10 um. 


To measure the time taken to establish water-permeable 
channels between cells with an existing capability to transfer, 
individual blastomeres from compacted, late eight-cell embryos 
were labelled and aggregated with similar, unlabelled cells. 
Couplets were analysed at various times after aggregation for 
evidence of dye transmission (Fig. 2, left-hand curve). Four 
hours elapsed before all the pairs showed complete dye trans- 
mission, although this had occurred in some pairs within the first 
hour. Whether these early transmitting pairs resulted from 
assembly of pre-existing proteins or the synthesis de novo of 
gap-junctional proteins is net known, although in Cl-1d cells the 
minimum time required for synthesis and construction of 
permeable channels has been estimated to be 4-6h (ref. 18). 

To determine the time at which an eight-cell blastomere first 
develops the capacity to transmit dye, labelled 2 /8 pairs were 
aggregated at a known time after their formation by division of 
1/4 blastomeres, with unlabelled 2/8 pairs of the same age, and 
cultured for 3h before analysis. The results are shown in the 
right-hand curve of Fig. 2; the slope of the curve is similar to that 
on the left, and presumably reflects the variability in time 
required to assemble functional junctions and transmit dye. 
However, the whole curve is shifted to the right by 2-3 h: it 
seems that ~2-3h must elapse before a newly formed 1/8 
blastomere becomes competent to assemble channels and 
transmit the dye. Junction formation, therefore, is a relatively 
early event in the life of the eight-cell embryo, coinciding with 
the induction of polarity’’ and preceding cell flattening’. 

This conclusion is further supported by experiments in which 
complete eight-cell embryos were aggregated and assayed for 
transfer of CF (Fig. 4). Transmissicn of dye occurred when both 
embryos were in a precompact state at the time of aggregation 
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(Fig. 4a, b), suggesting that the competence to form water- 
permeable channels must precede complete cell flattening. 
However, when both embryos were compacted at aggregation, 
no transfer occurred (Fig. 4c, d), despite the proven ability of 
individual blastomeres isolated from compacted embryos to 
transmit the dye (Fig. 4e, f). Presumably, in compact embryos, 
the completely microvillous outer surfaces”? of the cells either 
lacked gap-junctional proteins or were unable to assemble them 
in the time available to form functional channels. 

The use of CFDA provides a simple technique for studying 
gap-junctional communication between small groups ọf cells. 
Moreover, many observations can be made within a short 
period. The results reported here confirm and extend previous 


%Cell pairings showing transfer 





2 4 6 8 
Time (h) 
Fig. 2 Capacity of blastomeres to transmit CF. O, Compact eight-cell 


embryos were disaggregated to single cells, some of which were labelled with 
CF and reaggregated with unlabelled cells. Couplets were examined for dye 
transfer at 1, 2, 3 or 4 h (67 couplets examined). For comparison, results with 
blastomeres derived from two-cell embryos (41 h past-hCG) and treated 
similarly are shown (A; 68 couplets examined). The horizontal axis 
represents time (in h) after aggregation at which aggregates were examined 
for dye transmission. @, Four-cell embryos were disaggregated to 1/4 
blastomeres, which were cultured in vitro and examined at 1/2 h intervals. 
Any cells dividing to 2/8 were collected’, and the couplets were cultured for 
0-Sh. At 0, 0.5, 1, 1.5, 2, 3 and 5h, some couplets were labelled and 
aggregated to unlabelled couplets of the same age post-division. The aggre- 
gates were then cultured for 3h and analysed for dye transmission as 
described in Fig. 1 legend. Fifty-nine pairs of couplets were examined in 
total. The horizontal axis represents total time (in h) elapsed since division to 
2/8 had occurred and includes in each case the 3 h between labelling plus 
aggregation and examination for dye transmission. In all cases controls were 
prepared consisting of co-incubated, but unpaired, labelled and unlabelled 
cells that had been subjected to otherwise identical experimental conditions 
to the paired cells. The failure of 100% of paired cells to transmit merely 
reflects the choice of a 3-h transfer period (see the left-hand curve in which 
only 80% of pairs showed transmission after 3 h). 


observations using conventional iontophoretic techniques’. 
Thus the capacity to assemble functional gap-junctional chan- 
nels does not develop until the early eight-cell stage when they 
form rapidly, due either to the insertion of gap-junctional 
proteins or to reorganization of existing gap-junctional proteins 
within the membrane”. It will be important to establish whether 
gap junction formation is required for the coordination of events 
resulting in polarization and cell flattening and if so, whether 
such coordination depends on the evening out of metabolic 
potential’ or the passage of specific signalling molecules” 
between cells. The available evidence does not suggest that gap 
junctions are involved in the induction of polarity because two- 
and four-cell blastomeres can induce polarity in eight-cell 
blastomeres'’, yet cannot transmit to them. It remains to be 
determined, however, to what degree junctions are involved in 
subsequent events of early mouse development. 
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Fig. 3 Failure of CF to pass between cells taken from embryos at different 
stages of early development. Individual blastomeres were labelled with CF, 
incubated and photographed as described in Fig. 1 legend, whilst whole 
embryos were labelled within their zonae for 10 min, their zonae removed 
and then similarly treated. All aggregates were cultured for at least 3h 
before examination. Phase-contrast (a,c,¢,2,/) and fluorescence 
(b, d, f, h, j) images of the following couplets are shown: a, b, unfertilized 
egg + unfertilized egg; c, d, fertilized egg +two-cell embryo, e, f, 1/4+1/4 
blastomeres: g, h, two-cell+four-cell embryos; and i, j, unfertilized egg + 
1/8 blastomere. (No transfer was apparent even when the egg was labelled; 
thus failure to detect transfer did not result from dilution of CF.) Scale bar, 
50 um., 


Fig. 4 CF transfer be- 
tween intact  eight-cell 
embryos after 3h incuba- 
tion. Late two-cell embryos 
were recovered and incu- 
bated in vitro for 16h (ref. 
3), by which time some had 
become precompact eight- 
cells. Some of these were 
labelled with CF and aggre- 
gated with unlabelled pre- 
compact eight-cell embryos 
immediately, whilst others 
were cultured further until 
compaction was complete 
and then were either 
similarly treated or dis- 
aggregated into 1/8 cells 
and then assayed for dye 
transfer, Phase-contrast (a, 
c, ¢) and fluorescence (b, d, 
f images are shown. a, b, 
The transmission of CF 
between embryos that were pd 
precompact at time of 
labelling and aggregation. c, 
d, No transmission of CF 
between embryos that were 
compacted at labelling and 
aggregation. e, f, For comparison, the transmission of dye between 1/8 
cells isolated from compacted eight-cell embryos. Scale bar: a-d, 50 um; 
ë, f, 10 um 
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Molecular channels are thought to be important in ion exchange 
processes across membranes, and biophysical and physiological 
data point to the existence of ion-specific Na” and K* pores (see, 
for example, refs 1, 2). The nature and structure of these enti- 
ties, as well as the molecular mechanism of ion flow through 
channels, are still largely unknown, whereas cation transport via 
facilitated diffusion by natural or synthetic carrier molecules has 
been extensively investigated in both natural and model 
membrane systems’ *, The formation of transmembrane cation 
channels has been studied mainly with linear peptides (grami- 
cidin A, alamethicin; refs 3,7, and refs 6,8 and refs therein). 
The cylindrical macrotricyclic molecules are suitable model 
species for investigating both the synthetic construction of 
molecular channel subunits and their cation binding properties 
as they form cation inclusion complexes of cryptate type and 
undergo intramolecular cation jump processes”''. We report 
here the crystal structure of the potassium complex (1, 1.5 KBr, 
3.5 H:O) of the chiral macrocyclic tetracarboxamide 1, a 
member of a group of functionalized macrocyclic polyethers’? 
which strongly bind alkali and ammonium cations'*. This struc- 
ture presents a solid-state model of a molecular channel, in 
which the macrocyclic units are organized in a polymolecular 
stack and the K` cations are located alternatively inside and on 
top of successive macrocycles, as in a frozen picture of potassium 
ion propagation through the stack. 
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Figure 1 shows the molecular crystal packing of the above 
complex along the [110] axis. The structure contains a poly- 
molecular organic unit resulting from the repetition of a stacked 
dimeric asymmetric unit [(1, K).(H,O),]°*, and is stabilized by 
hydrogen bonding of the water molecules with each other 
(O-O length 2.63 A) and with six amide carbonyl groups 
(O---O length 2.50-2.95 A), as well as by one ion dipole inter- 
action (K3---O 2.83 A). The counterions are located in a poly- 
meric chain [KBr;(H,O),]’” parallel to the organic one, made of 
alternating water-bridged KBr and BrBr fragments (Br---O 
3.3-3.45 A). The stability of the crystal packing is completed by 
Br---CH, van der Waals’ interactions (3.68-3.76 A) between 
the cationic and anionic chains. 

The organic part of this structure has many attractive features. 
(1) The solid-state stacking of the macrocyclic units builds up an 
intermolecular arrangement clearly suggestive of a channel 
structure. The mean planes of the macrocycles are parallel to 





Fig. 1 Molecular packing of the complex [(1, K), 3H,O]}"* 
- [KBr3, 4H,O}’” down the [110] vector. Intermolecular contacts 
between the oxygen atoms of water molecules (W), and K* (@) or 
Br (©) ions are visualized by thin lines. Crystals belonging to the 
triclinic space group P1 were obtained by slow evaporation of an 
equimolecular solution of 1 and KBr in CHCl,/MeOH/H>O 
(a= 10.73 A, b= 11.27 A, c = 15.78 Å; a = 109.85°, B = 99.35°, 
y = 92.18°). The crystal used had a size of (0.4)? mm”. 6669 
significant (I >ø(I)) reflections were collected up to 26 = 140° on 
an automated Nonius CAD4 diffractometer, using nickel-filtered 
Cu Ka radiation. The structure was solved by the standard heavy 
atom method followed by Fourier syntheses; final refinement by 
full-matrix least squares with anisotropic temperature factors for 
all non-hydrogen atoms led to an R factor of 0.096 for 799 
variables. Atomic coordinates are available on request and will be 
deposited in the Cambridge Crystallographic Data Centre, 
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each other and two neighbouring units are slightly shifted in a 
staircase-like fashion, due to steric hindrance between the 
lateral appendages. 

(2) Both the macrocycles composing the asymmetric unit are 
in a relaxed conformation, similar to that found in other 18- 
crown-6-type complexes'*'°, 

(3) The side chains —CON(CH;), are in an axial confor- 
mation, on both sides of the macrocyclic ring and direct their 
polar amide carbonyl groups into the internal space of the 
ligand. 

(4) Asa result of features (2) and (3) all apolar groups (methyl 
and methylene) of the macrocyclic units are on the outside. The 
previously determined structures of related compounds having 
secondary amide residues as lateral branches (X = CONHR in 
1) had already shown a trans-diaxial arrangement of the 
branches, but the carbonyl groups were directed outwards, with 
formation of an intramolecular N—H. -O hydrogen bond 
between the CONH residues and the nearest ring ether oxygen 
atom. Consequently, the simple interconversion between 
secondary and tertiary amide functions allows a conformational 
control of the orientation of the polar groups towards the 
exterior or the interior of the structure respectively. This feature 
is of considerable interest for designing receptor molecules built 
on the basic macrocyclic unit 1. 

(5) There are two distinct K*-binding schemes. In one 
complex of the asymmetric unit, the cation (KT, Fig. 1) is located 
inside the macrocyclic ring, 0.25 A from its mean plane: the 
receptor site includes all six ether oxygen atoms (Kj---O length 
2.80 Å; g =0.05) and one carbony] group (Kf---O=C length 
2.76 A). The other potassium ion (K3, Fig. 1) is located on top of 
the macrocycle, at 1.13 A from its mean plane; it is bound to 
only three ring oxygen atoms (K3:--O length 2.85 A; ø = 0.06), 
to two amide carbonyl groups (K3---O=C lengths 2.69, 2.89 A) 
and to the oxygen of a water molecule (K3---O 2.83 A). These 
two modes of K* binding may be considered as two steps in a 
hopping mechanism of cation flow through the pore-like struc- 
ture. Enniatins form sandwich complexes’ like the RbNCS 
complex of enniatin B, in which every Rb* ion is bound to 
carbonyl oxygens of two ligand molecules'®, 

(6) The polar interior of this solid-state channel contains 
three water molecules per asymmetric unit. They solvate the K* 
and amide groups, and provide H-bonding links between suc- 
cessive macrocyclic units. 

In conclusion, the present structure possesses three main 
features which are expected to have a role in ion flow through 
membrane protein channels: a chain of cation binding units; 
polar inside/apolar outside orientation of residues; and mixed- 
site cation binding. It may therefore be considered a solid-state 
model of a molecular channel with cation propagation through 
the channel from one binding site to the next. The stepwise 
connection of macrocyclic units (Fig. 1) by their lateral appen- 
dages would allow the construction of a true artificial molecular 
channel, whose properties depend on the choice of the basic unit 
and of the linking branches, Synthetic work along these Jines is in 
progress. 
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Certain cells (CFU-S) in the haematopoietic tissues of mice are 
able to form macroscopic nodules in the spleen 7-14 days after 
injection in heavily irradiated recipient mice’. At 7-9 days, most 
of the spleen colonies contain recognizable cells of one pre- 
dominant haematopoietic lineage’, and do not contain cells 
capable of spleen colony formation on injection in secondary 
hosts’. However, by 14 days most of the spleen colonies do 
contain cells of more than one line of haematopoietic differen- 
tiation’, as well as precursor cells capable of again generating 
similar multilineal spleen colonies on retransplantation’. These 
observations have led to the widely accepted conclusion that 
most spleen colonies are derived from pluripotential ‘stem?’ 
cells*, and to the suggestion that the apparent transformation in 
character of spleen colonies from unilineal at early times to 
mixed later on reflects the local operation of ‘instructive’ 
differentiative signals in the splenic environment’. The reason- 
ing behind these suggestions implicitly assumed that late 
colonies simply represented a further stage in the development 
of the same colonies observable at earlier times. Here, we 
present direct evidence against this assumption. Our data 
indicate that most spleen colonies identified as surface nodules 
at days 7-8 are neither multipotential nor self-maintaining, but 
rather are destined to disappear from the spleen within 72 h. 
The observations set limits on the validity of the spleen colony 
method as an assay for self-maintaining pluripotential progeni- 
tor cells, and give cause for reassessment of the data on which 
widely accepted views concerning the regulation of such cells are 
based. 

Initial experiments compared individual spleen cofonies at 
early and late times in their development in terms of their 
content of cells capable of growth in culture. Such data would 
provide two kinds of information concerning the character of a 
spleen colony. First, the presence or absence of ‘primitive’ 
haematopoietic precursors capable of extended proliferation in 
culture would indicate the potential of the spleen colony for 
further growth. Second, the number of different kinds of cells 
growing in the cultures would supply information on the 
differentiative potential of the original spleen colony-forming 
cell. : 

Adult mouse bone marrow cells were injected into heavily 
y-irradiated syngeneic recipients, and after varying time inter- 
vals, the recipient spleens were excised and examined at x11 
magnification for surface colonies. A total of 156 consecutively 
identified colonies were dissected out from spleens containing 9 
or fewer surface nodules. Particular care was taken to exclude 
the occasional colonies whose geometry suggested possible 
confluence of more than one colony. Single cell suspensions 
were prepared from each colony. Most of the cells were plated in 
methylcellulose cultures to assay for haematopoietic precursor 
cells, and the remaining cells were centrifuged onto glass slides 
for morphological evaluation. From the culture results, spleen 
colonies were classified as P* or P~ according to whether or not 
they contained any relatively ‘primitive’ precursor cells, defined 
as cells capable of forming mixed myeloid/erythroid clones in 
culture containing at least 1,000 cells, or clones containing at 
least 50 mononuclear or granulocytic cells, or at least 200 
erythroid cells. Almost all spleen colonies which contained in 
vitro clonable mononuclear or granulocytic precursors also 
contained erythroid precursors. The proportion of each colony 
plated was such that the absence of growth in culture signified 


— EEE 


0028-0836/82/060527 —03$01.00 


©) 1982 Macmillan Journals Ltd 


528 


the presence within the spleen colony of fewer than eight 
clonable precursors in the case of large spleen colonies, and 
fewer than one or two in the case of spleen colonies consisting of 
200,000 cells. | 

Figure 1a shows the results for 7~8-day spleen colonies. Most 
colonies consisted predominantly of recognizable erythroblasts 
and contained no ‘primitive’ precursors. Although devoid of 
primitive cells clonable in vitro, these P` colonies did contain 
high numbers (up to 25% of the cells) of relatively mature 
erythroid precursors (CFU-E) capable of forming small clones 
of 8-60 erythroblasts in culture. Few spleen colonies contained 
>20% of morphologically unrecognizable cells. The frequency 
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Fig. 1 Distribution of spleen colonies according to the character 
of their constituent cells. Each point represents one spleen colony, 
indicating presence (@) or absence (O) of primitive precursors 
capable of proliferating in culture, and the percentage of the cells 
identifiable morphologically as erythroid (E) or mono- 
nuclear/granulocytic (MG). a, Composition of spleen colonies 
after 7-8 days of growth in the spleen; b, after 9-12 davs. Total 
numbers of spleen colonies examined were 37, 49, 14, 30,17 and9 
on days 7-12, respectively. Female 8~12-week old BALB /e mice 
were y-irradiated (800 R, '?’Cs) and injected intravenously with 1 
or 3x10* nucleated syngeneic bone marrow cells suspended in 
IMDM* with 5% fetal calf serum (FCS). Controls injected with 
cell-free suspending medium had <1 colony per 20 spleens. Spleen 
colonies were dissected out and gently dispersed into single cell 
suspensions in IMDM containing 50% FCS. Some of the cells were 
cytocentrifuged onto glass slides, fixed in methanol and stained 
with Gurr’s Giemsa. Cells were assigned to erythroid, 
mononuclear, granulocytic or megakaryocytic lineages on the basis 
of nuclear size, form, degree of condensation and presence of 
nucleoli, nuclear/cytoplasmic ratio, and cytoplasmic basophilia 
and granulation, according to classical morphological criteria. Cells 
were cultured at a maximum density of 10° per ml in IMDM 
containing a -thioglycerol, methylcellulose, bovine serum albumin, 
15% FCS, iron-saturated transferrin, lecithin, oleic acid, chole- 
sterol, 1 IUml™ human urinary erythropoietin (all as detailed 
elsewhere") and 10% conditioned medium from WEHI-3 cells’ as 
a source of erythroid burst-promoting activity’ and of granulo- 
cyte/macrophage colony-stimulating activity. Small erythroid 
colonies from CFU-E were counted after 2 days of culture, and 
larger erythroid or mixed myeloid/erythroid bursts and granulo- 

cyte/macrophage colonies were counted on days 7, 10 and 14. - 
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of such cells correlated neither with the predominant 
morphological type nor with the presence of primitive pre- 
cursors. | 

Figure 1b shows pooled results from spleen colonies analysed 
at later times of development (days 9-12). Three-quarters of the 
colonies now contained primitive precursors, a proportion 
consistent with earlier observations? on CFU-S in later spleen 
colonies but higher than that reported by Gregory and 
Henkelman in 11-12-day spleen colonies’, possibly because of 
the addition to our cultures of a controlled concentration of 
‘burst-promoting activity”, Half of our P* colonies showed 
mixed differentiation morphologically. Most P~ colonies again 
consisted predominantly of recognizable erythroblasts. 

The relationship between early and late spleen colonies was 
then examined directly as follows. On days 7 or 8 after irradia- 
tion and marrow injection, recipient mice were anaesthetized 
and a small abdominal incision was made over the spleen. Each 
spleen was carefully inspected at x11 magnification without 
excision and a topographical sketch made. The incision was then 
closed and splenic colony development permitted to continue 
for an additional 2 to 5 days before the mice were killed, and 
their spleens excised and again mapped topographically. 
Control experiments using irradiated mice which had not 
received bone marrow indicated that the surgical procedure did 
not itself induce the appearance of endogenous spleen colonies. 
The accuracy of the topographical sketches was confirmed in 
most cases by direct photography of the spleens. Figure 2 shows 
a typical result. Two of five colonies present on the spleen at day 
8 are no longer visible at day 10, while, conversely, two of five 
colonies visible on day 10 were not visible at day 8. The 
aggregate results of the mapping experiments are presented in 
Table 1. Of the surface colonies visible on days 7 or 8, only half 
were still visible on day 10, whereas only one-third of colonies 
visible on day 10 had visible antecedents on days 7 or 8. Ina 
separate experiment on a smaller scale, 80% of colonies visible 
at day 7 had vanished by day 12. 

These results show spleen colonies to be divisible into two 
major categories. The first colony type (P`) grows rapidly to 
achieve macroscopic dimensions at the spleen surface within 7-8 
days and typically consists almost entirely of erythroid cells. 
Devoid of primitive cells capable of sustaining their growth, the 
P` colonies soon vanish from the spleen, presumably as their 
cells differentiate terminally into erythrocytes and enter the 
circulation. A second colony type (P*) grows more slowly in the 
first week, and at 7 days few can be indentified grossly at the 
spleen surface. Because their growth is sustained well beyond 
day 9 by the continuous presence of primitive cells, these P* 
colonies gradually become the predominant colony type as the 
P` colonies recede and disappear. 

These findings provide a fresh context for interpreting the 
Significance of the ‘transient endogenous erythroid spleen 
colonies’ reported earlier®'"'', Our observations and inter- 
pretations are also consistent with those of Hodgson and 
Bradley’ on late-appearing spleen colony formation by 
fluorouracil-resistant precursors. Our results imply that the 
spleen colony method provides a measure of pluripotential cells 


Table 1 Number of surface spleen colonies visible at x11 








magnification 
Days 7-8 Day 10 
Transient $1 0 
Persistent 50 50 
Delayed in appearance 0 97 
Total 101 147 
Day 7 Day 12 
Transient 19 0 
Persistent | 5 3 
Delayed in appearance Q 44 
Total 24 49 
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Fig. 2 The same spleen photo- 
graphed after 8 (left) and 10 (right) 
days of spleen colony development. 
Drawings indicate the locations of 
the colonies. Colonies marked V 
disappeared in this time interval; 
those marked V were delayed in 
appearance. 


capable of extensive proliferation only where macroscopic 
colonies are scored at 11 days or later. When spleen colonies are 
scored earlier than this, as has been done in almost the entire 
literature on the subject, the method appears to detect a popu- 
lation of cells more closely akin to the cells (BFU-E) which form 
large erythroid colonies after a similar length of time in semi- 
solid tissue culture*”. Finally, our observations show that late 
multilineal P* spleen colonies are not derived from the unilineal 
P colonies visible at earlier times, and therefore remove a key 
supporting element from earlier arguments for ‘instructive’ local 


Received 15 September; accepted 9 December 1981 


l. Till, J, E. & McCulloch, E. A. Radiat. Res, 14, 213 (1961) 

2. Curry, J. L, & Trentin, J. J. Devl Biol. 15, 395 (1967). 

3. Siminovitch, L., McCulloch, E. A. & Till, J. E. J. cell. comp. Physiol. 62, 327 (1963) 

4. Gregory, C. J. & Henkelman, R. M. in Experimental Hematology Today (eds Baum, S. J. & 
Ledney, G. D.) 93 (Springer, New York, 1977) 





environmental control of self-renewal and determination at the 
level of multipotential progenitors. 

We thank P. Barba and M. Bonzon for technical assistance, 
and N. Williams and C. Paige for critical readings of the manus- 
cript. The work was supported by a Long Term Fellowship from 
the European Molecular Biology Organization, by the Swiss 
National Foundation for Scientific Research, and by the Swiss 
Cancer League. The Basel Institute for Immunology was foun- 
ced and is supported by F. Hoffmann-LaRoche and Co., Basel, 
Switzerland, 

5. Iscove, N. N. in Hematopoietic Cell Differentiation (eds Golde, D. W., Cline, M. J.. Metcalf, 

D. & Fox, C. F.) 37 (Academic, New York, 1978) 

6. Gregory, C, J., McCulloch, E. A. & Till, J. E. J. cell Physiol 86, 1 (1975) 

7. Hodgson, G. S. & Bradley, T. R, Nature 281, 381 (1979) 

8. Iscove, N. N., Guilbert, L. J. & Weyman, C, Expl Cell Res. 126, 121 (1980) 
9. Ralph, P. & Nakoinz, |. Cancer Res. 37, 546 (1977) 


0. Robinson, C. V, Proc. Soc. exp. Biol. Med. 124, 118 (1967) 
1. Boggs, S. S., Chervenick, P. A. & Boggs, D. R. Blood 40, 375 (1972) 


SR SSS SRE o SS SS SE EE ‘a Me e a a 





Isolation of membrane components 
associated with human red 
cell antigens Rh(D), (¢), (E) and Fy’ 


Stephen Moore, Christina F. Woodrow 
& D. Brian L. McClelland 


South-east Scotland Regional Blood Transfusion Service, 
The Royal Infirmary, Edinburgh EH3 9HB, UK 





The isolation of human red cell membrane components asso- 
ciated with Rhesus (Rh) and Duffy (Fy) blood group antigen 
expression has been largely frustrated due to the small quantities 
in the membrane’ and their probable integral membrane 
nature requiring lipid for optimum antigen expression’. The 
disadvantage of reported immunoaffinity techniques for 
investigating Rh(D) has been non-specific adsorption 
which complicates identification of antigen-associated 
components'''*. Thus, Rh(D) has been attributed to a 7,000 
molecular weight (MW) fraction'' and a subpopulation of band 
3 (ref. 13; MW ~90,000)'*. We report here a technique, with 
negligible non-specific adsorption, for the isolation of blood 
group antigen-antibody complexes and their analysis by SDS- 
polyacrylamide gel electrophoresis (PAGE). Radiolabelling 
techniques facilitated identification of antigen-associated 
membrane components. We found that expression of Rh(D), (€) 
and (E) was associated with a component(s) of 28,500 apparent 
MW, with additional 50,000- and 68,000-MW components 
associated with Rh(D). In contrast, Fy" is associated with 
39,500- (possibly PAS 2), 64,000- and 88,000-MW com- 
ponents, the latter having a similar mobility in SDS-PAGE to 
band 3. 
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The demonstration of stable Rh(D)-'*C-anti-Rh(D) 
complexes in detergent solution’’ together with the known 
affinity of protein A for the Fc region of IgG'* suggested a rapid 
and generally applicable technique for the isolation of deter- 
gent-solubilized immune complexes of blood group antigen with 
the corresponding IgG antibody by adsorption to protein A- 
Sepharose (Pharmacia). The observation'” that the optimum 
expression of Rh(D) occurs only in the native membrane 
environment suggested that it was advisable to form immune 
complexes by incubating antibody with the intact red cell. 

'**T surface-labelled red cells were incubated (sensitized) with 
an appropriate IgG antibody and, following solubilization of the 
membrane in non-ionic detergent, the immune complexes iso- 
lated by adsorption to protein A-Sepharose. The complexes 
were eluted with SDS and analysed, in reducing conditions, by 
SDS-PAGE. The presence of '**I label which indicated 
membrane components exposed on the outer surface of the red 
cell, a prerequisite for implication in expression of blood group 
antigen activity, was detected by autoradiography of the dried 
SDS-PAGE gels. 

The total radioactivity present in complexes isolated from 
cells sensitized with anti-Rh(D), anti-Rh(¢), anti-Rh(E) and 
anti-Fy* antibodies is shown in Table 1. When compared with 
the negative controls, all complexes contained significant levels 
of '*"I, indicating the presence of surface exposed membrane 
components. The results obtained with anti-Rh(D) show, in 
particular, the effect of antigen dosage. The rare cells of geno- 
type -D-/-D- (‘super D’) have ~2.5-5 times the amount of 
surface-exposed Rh(D) antigen compared with cells homozy- 
gous for Rh(D), such as 2DE/éDE (R,R,) cells’. The increased 
levels of '**I in complexes from super D cells is consistent with 
this observation and is evidence for the specific association of the 
labelled component with Rh(D) antigen. 
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Table 1 Adsorption, using protein A-Sepharose, of immune complexes present in Triton X-100 extracts of ghosts prepared from ‘*“I-labelled human erythrocytes 
sensitized with blood group antibody IgG and their elution with SDS 








Protein A-Sepharose 


Immune complex on residue SDS eluate of protein 

Antibody protein A-Sepharose (1) {post SDS elution) (2) A-Sepharose (1 — 2) 
Call genotype specificity used* (c.p.m.) (c.p.m_) (p.m) 
-D-i -D- (super D) anti-Rh(D) (1: 1,028, 10 mi) 211,490 8,402 203,088 (n) 
EDE/EDE (R.R) anti-Rh(D) (1: 1,028, 10 mB} 72,298 4,989 67,309 (a) 
éde; Ede irr} anti-Rh(D) (1: 1,028, 10 ml) 4,978 2,202 2,776 (b) 
€DE/éEDE anti-Rh(é) (1:512, 25 mi) 26,919 1,634 25,285 (c) 
CDe/ CDe (R,R,} anti-Rh(@) (1 :512, 25 ml) 4,189 1,700 2,489 (d) 
€DE/EDE anti-Rh(E) (1:128, 25 ml) 23,656 1,604 22,052 (e) 
CDe/ CDe anti-Rh(E) (1: 128, 25 ml) 5,083 571 4,512 0/7) 
Fy(a+b~-}+ anti-Fy* (1:128, 25 ml) 23,912 1,530 22,382 {g} 
Fy(a~ b+) anti-Fy* (1:128, 25 ml) 4,060 1,258 2,802 th) 
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Washed human erythrocytes were surface-labelled with '**I using the procedure of Reichstein and Blostein'*: packed cells (1 ml) were incubated (37 °C, 90 min) with 
20 ml of incubation buffer and washed (2x20 ml) with phosphate-buffered saline (PBS), pH 7.4. Packed cells were incubated (37°C, 15 min) with 0.7 mi PBS, 
lactoperoxidase (EC1.11.1.7; Calbiochem grade B; 13 ul, 2.5 mg ml~' in PBS), B-p-glucose oxidase (EC1.1.3.4; Sigma type V; 40 pl of 1: 100 dilution in PBS), Na'**] 
(100 mCi mi’; Amersham; 10 pl (100 Ci) of 1:10 dilution in 0,01 M NaOH) and a-D-glucose (0.22 ml, 18 mgml~' in PBS prepared 24h before use to allow 
mutarotation to occur), and washed with PBS (4 x 20 ml). The use of fresh batches of '**I was critical to the success of the procedure. Old batches of '7°I did not significantly 
label Rhesus antigen-associated components, possibly due to oxidation of iodide by admitted air during storage. Packed, labelied (~30 pCi per ml packed cells) cells were 
incubated (37 °C, 60 min) with blood group antibody (whole human serum containing IgG blood grcup antibody of known specificity was obtained from volunteer donors 
and the titre determined by manual indirect antiglobulin test'°), washed with PBS (3x20 ml) and the ghosts isolated? (1 ml of packed cells plus 40 mi of 5mM 
NaH,PO,/Na,HPO,, pH 7.4 (4°C), mix, centrifuge (48,000g, 15 min, 4°C) repeat wash), Ghosts were incubated (15 min, room temperature) with 6 mi of PBS-Triton 
(PBS containing 1% (w/v) Triton X-100; BDH, scintillation grade), centrifuged (48,000g, 15 min, 4 °C) and the supernatant carefully aspirated. Immune complexes were 
adsorbed from the PBS-Triton extract (contained in a 10 mi, conical, plastic centrifuge tube) with 0.5 ml of a 10% {v/v) suspension of protein A-Sepharose in PBS-Triton 
and the mixture incubated (30 min, room temperature) with continuous roller mixing. The protein A-Sepharose beads were washed (4 x 10 ml) with PBS-Triton, counted 
for '*°], washed with distilled H,O (10 ml) and the packed beads resuspended in 1% SDS (1 ml) and incubated at 37 °C for 30 min. The supernatant was lyophilized by 
vacuum centrifugation”? and reconstituted in 0.15 ml of electrophoresis sample buffer (0.0625 M Tris-HCl, pH 6.8, 8 M urea, 0.5 mM EDTA, 0.001% (w/v) Bromophenol 
blue, 5% (v/v) 2-mercaptoethanol) and stored at ~40 °C. a-h, n Cross-refer to Fig. 1. 


* Values for antibody titres and the volume used are given in parentheses. 
+2 mi packed cells used. 


Figure 1 shows the results of SDS-PAGE analysis. In pre- 
liminary experiments (not shown) we could not obtain discrete 
electrophoretic separation of ‘**I-labelled bands using the 
standard Laemmli sample buffer because the labelled material 
did not penetrate the stacking gel. Inclusion of 8 M urea in the 
sample buffer was essential to obtain discrete separation, thus 
suggesting the hydrophobic nature of these components. 

Figure 1 shows that non-specific binding in negative controls 
(Fig. 1b, d, f, h) was not a problem in our procedure. The '?°] 
activity detected in negative controls (Table 1) was not detected 
by autoradiography and presumably represents low molecular 
weight, non-specifically adsorbed material not retained in the 
gel during fixation as autoradiography readily detects this level 
of activity'*"'°. The complexes isolated from cells sensitized with 
anti-Rh(D), anti-Rh(@) and anti-Rh(E) antibodies gave similar 
patterns of Coomassie brilliant blue (CBB) staining. In addition 
to IgG heavy (H) and light (L) chains, all contained CBB-stained 
components migrating in the band 3 region. This is of interest 
because recent reports suggest that band 3 is associated with the 
expression of Rh(D) activity'’*'’, However we did not detect any 
radioactivity in these components, suggesting that either these 
are not of band 3 origin (it is known that band 3 is labelled by the 
procedure used in this work’*) or they are composed of an 
unlabelled band 3 subpopulation. We cannot completely 
exclude the possibility that these bands are derived from IgG. 

Marked differences were observed in the radiolabelled 
components present in the various immune complexes which we 
isolated; for example compare the anti-Rh(D) complex pattern 
with that of anti-Fy* complex (Fig. 1j andi respectively), and the 
patterns of the anti-Rh(¢) and anti-Rh(E) complexes (Fig. 1c 
and e respectively). Differences were also observed in the 
Rhesus system; thus anti-Rh(D) complexes contained in addi- 
tion to the 28,500-MW component (A28 in Fig. 1) common to 
all Rhesus complexes, bands of 50,000 and 68,000 MW which 
together accounted for ~20% of the radioactivity in the anti- 
Rh(D) complex. The presence of these extra bands was not 
influenced by sample loading (compare Fig. 1a with j). The 
possibility of qualitative differences between Rh(D)-associated 
components on -D-/-D- and CDE/EDE cells was investigated. 
‘Anti-Rh(D) complexes from these cells were qualitatively iden- 
tical (Fig. 1n, o). However, we observed an increase in a 


component with similar mobility to A28 when comparing Triton 
extracts of -D-/-D- (Fig. 1k) and €<DE/éDE (Fig. 11) cells. This 
component is probably A28 because there is increased expres- 
sion of Rh(D) on -D-/-D- cells. The A28 bands were the most 
prominent feature in the three Rhesus complexes tested and 
therefore most likely to carry the majority of the antigen sites on 
the cell surface. The ratio of "I activity to observed CBB 
staining intensity for A28 was much higher in anti-Rh(D) 
complexes. There are two possible explanations: (1) Rh(D) may 
be associated with a different population of A28 molecules 
which contain a higher number of iodination sites, and (2) the 
increased ratio of label to CBB stain may reflect a greater 
exposure on the red cell surface. The latter possibility is intri- 
guing because it is well documented that Rh(D) is by far the most 
immunogenic of the Rhesus antigens'”’. 

The lower quantity of IgG H and L chains observed in anti-Fy* 
complexes (Fig. 1g) may reflect the smaller number of Fy" sites 
per cell compared with Rhesus antigens’. We concluded from 
Fig. 1g, m that expression of Fy” activity is associated with a 
radiolabelled band of 39,500 MW showing similar mobility to 
PAS 2 (compare Fig. 1/ with m). Labelled bands of 64,000 and 
88,000 MW were also seen with counterparts in Triton extracts 
of labelled membranes (Fig. 1k, i, p). The 88,000-MW 
component had a similar mobility to PAS 1 and band 3. The 
possibility that Fy* is carried by a fraction of the major red cell 
membrane sialoglycoprotein and band 3 requires further 
investigation. The 50,000-MW component (Fig. 15 with an 
apparent similarity to the 50,000-MW component associated 
with Rh(D) (Fig. 1/) was not always observed in anti-Fy* 
complexes (see Fig. 1m). The identity of this component is 
therefore obscure. 

The molecular composition of the Rhesus and Duffy native 
antigens remains unclear. Folkerd et al.” have measured a value 
of 174,000 + 10,000 for the in situ molecular weight of Rh(D) by 
radiation inactivation, which suggests that A28 is a subunit of a 
larger molecule or that degradation has occurred during 
immune complex isolation. Degradation due to radiolabelling or 
proteolysis was not detected in our procedure. Identical CBB 
staining of Rh complexes isolated from labelled and unlabelled 
cells was seen in SDS-PAGE. Identical CBB staining and 
autoradiographic profile were also seen when 1mM phenyl- 
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Fig. 1 SDS-PAGE of immune complexes eluted from protein A- 
Sepharose (see Table 1). Electrophoresis was performed at 35 mA (stacking) 
and 100 mA (running) on 7.5-15% polyacrylamide gradient gels (180x 
140 x 0.27 cm; Pharmacia GE2/4LS vertical apparatus) with a 5% poly- 
acrylamide stacking gel using the discontinuous system of Laemmli**. Gels 
were stained with CBB and autoradiography of dried gels performed at 
-75°C using Kodak XS-1 X-ray film and Cronex Lighting Plus intensifying 
screens'*'*. Films were developed and fixed with Kodak DX-80 and FX-40 
respectively, according to the manufacturers instructions. Samples were 
incubated overnight at 37 °C before electrophoresis. Samples a-h (see Table 
1) were applied to gels in their entirety. i, j}, Comparison of autoradiographs of 
anti-Fy* (i) and anti-Rh(D) (j) immune complexes, 20,000 c.p.m. per 
sample. k-p, Autoradiographic comparison of anti-Rh(D) complexes from 
-D-/-D- (n) and €DE/EDE (o) cells with anti-Fy* complexes (m ; separate 
experiments to g, i), and with Triton-soluble membrane fractions sampled 
before protein A-Sepharose addition and diluted with 9 vol of electro- 
phoresis sample buffer plus 5% SDS; k, -D-/-D- cells; |, p, 2DE/EDE, 
Fy(a+) cells, 50,000 c.p.m. were applied for samples k, l, n-p; 16,000 c.p.m. 
for m. Average c.p.m. for total Triton soluble fraction (7 ml)=4x 10’. 
Autoradiograph exposure times: a-j, m, 60 h; k, |, n-p, 36 h. H, L, H and L 
chains of IgG; A, autoradiograph; C, CBB stained. «, Short exposure of 
Kodak XR-1 film to demonstrate the centre of the radiolabelled band. M, 
red cell ghosts solubilized in sample buffer plus 5% SDS. 


methylsulphony!l fluoride, 2 mM N-ethylmaleimide and 0.5 mM 
EDTA were included in cell lysis and membrane solubilization 
buffers to inhibit proteolysis. The possibility that A28 and the 
68,000-MW component in Rh(D) complexes (Fig. 1a, j, n, o) are 
the band 3 degradation products reported to bind IgG non- 
specifically’? can be discounted as these were absent in Fy" 
complexes (Fig. li, m). 

In conclusion, the advantages of our procedure are its simpli- 
city, lack of non-specific interference and the ease with which 
membrane components exposed on the outer surface of the red 
cell can be identified. Coupled with the potential for preparative 
isolation of immune complexes we consider this technique to be 
of value for future work on the structure of red cell antigens. 

This work was supported by grant K/MRS/50/206 from the 
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The major histocompatibility complex (MHC)-linked immune 
response (/r) genes confer high responsiveness on some MHC 
haplotypes and low or no responsiveness to certain antigens on 
other haplotypes (for review see ref. 1). The cause of nonres- 
ponsiveness is thought to be a failure of T cells to be stimulated 
by a given combination of antigen and MHC molecules, which 
can, in principle, arise in two ways: either the antigen-presenting 
cells (APCs or macrophages) of the nonresponder haplotypes 
are incapable of presenting the foreign antigen to T cells in an 
immunogenic form™ or the T-cell repertoire of nonresponder 
haplotypes lacks clones recognizing the antigen in the context of 
a given MHC*. We have recently shown that APCs from 
nonresponder strains can in fact present antigen to allogeneic 
responder T cells, depleted of alloreactivity against the APCs 
themselves*, which indicates that the mechanism of nonrespon- 
siveness is not a failure of APC function. Using the same 
experimental system, we show here that responses of T cells to 
antigen presented on allogeneic APCs do not depend on the Ir 
phenotype of either the T cell or the APC: Jr gene control is 
completely absent from these responses. The results strongly 
suggest that Jr gene-controlled nonresponsiveness is associated 
with the adjustment of the T-cell repertoire to self-MHC 
antigens. 

Recently we have developed an assay system for measuring 
the proliferative response of T cells to antigens presented by 
allogeneic APCs*. T cells were prepared by nylon wool-column 
separation of nucleated spleen cells from unprimed mice, and 
adherent cells obtained from peritoneal washing served as 
APCs. The T cells were first cultured with allogeneic APCs and 
alloreactive T cells were removed by treatment with 5-bromo- 
2'-deoxyuridine (BUdR) and light on day 3 (ref. 6). The surviv- 
ing T cells were then primed in vitro using fresh allogeneic APCs 
and an antigen, the response to which is under /r gene control. 
After an additional 7 days in culture, T cells were collected, 
distributed into flat-bottomed microtitre plates and tested for 


* Permanent address: Department of Dermatology, Yokohama City University, School of 
Medicine, Urafune-cho 3-46, Minami-ku, 232 Yokohama, Japan 
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Table 1 Jr gene-controlled secondary proliferation of T cells primed in vitro with 
GA on syngeneic APCs 
T cell 
H-2 Responder 

Strain haplotype status APC Acp.m. SI 
CS7BL/10 b R CS57BL/10 7,467 45.7 
BALB/c d R BALB/c 8,308 3.6 
BI0.D2 d R B10.D2 7,733 23.6 
B10.P p NR B10.P 112 1.2 
C3H.NB p NR C3H.NB 243 1.4 
B10.Q q NR B10.Q 89 1.2 
DBA/1 q NR DBA/1 43 1.1 
A.SW 5 NR A.SW -113 0.7 
(BIO.AGRIF, iSxp RxNR F, 25,363 28.9 

xBiO.P) 
(BIO.A(SR)F, i5xp RXNR B10.A(5R) 36,679 32.6 

xB10.P} 
(BIO.A(SR)F, i5«p RxNR B1i0.P 416 1.5 

xB10.P) 


E ATA NOA a AA SAAT L EEEL A EE AA ANE AEEA AEAEE 
Proliferation of in vitro primed T cells (1 x 10°) in the presence of I x 10° APCs 
and 40 ug mi~! GA was measured by *H-thymidine incorporation’. The results 
are expressed as Ac.p.m., that is, c.p.m. in cultures with GA and APC ~c p.m. in 
cultures with APC and without GA; and stimulation index (SD, that is, c.p.m. in 
cultures with GA and APC divided by c.p.m. in cultures with APC but without GA. 
The background c.p.m. in cultures without antigen were in the range 167-3,224. 
The culture and assay conditions were identical (including preculturing of T cells 
with APCs alone, followed by BUdR and light treatment) to those used for 
allogeneic T cell-APC combinations*. R, responder; NR, nonresponder. 


secondary proliferative response to the priming antigen and 
fresh APCs in a 3-day assay’. In this system, allogeneic 
APCs alone did not induce appreciable specific T-cell 
proliferation. Using the antigens poly(Glu*°Ala®) (GA), 
poly(Glu*'Lys“Tyr'*) (GLT) and lactate dehydrogenase B 
(LDH-B), secondary T-cell proliferation was induced only by 
the priming antigen presented on the priming allogeneic APC. 
Furthermore, proliferation was inhibited by monoclonal anti- 
bodies raised against Ia antigens on the APCs, but was not 
affected by antibodies to Ia antigens present on the T cells (ref. 5 
and N.I., unpublished results). Thus, the secondary proliferation 
in vitro of T cells is antigen specific, and is restricted by Ia 
antigens of the allogeneic APCs. 
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This study was undertaken to determine the possible influence 
of the Ir phenotype of T cells and APCs on the secondary 
response in vitro. We used GA as a test antigen because the 
number of responder and nonresponder H-2 haplotypes to this 
antigen is about the same’; this allowed us to assemble a large 
number of allogeneic T cell-APC combinations with strains of 
different responder status. To ascertain that our in vitro system is 
subject to the same /r gene control as the in vitro response of T 
cells primed in vivo, we first studied the responses of T cells 
primed in vitro to GA on syngeneic APCs. The data in Table 1 
demonstrate that responder T cells can mount a proliferative 
response when primed with GA on syngeneic APCs, whereas 
nonresponder T cells cannot. T cells from F, hybrids between 
responder and nonresponder mice can only respond to GA 
when presented by F, APCs, or APCs of the responder parent. 
Thus we conclude that the Ir gene control of the in vitro 
secondary T-cell response is identical to that observed after 
priming in vivo’*. We then tested the anti-GA response in a 
large number of allogeneic T cell-APC combinations. The 
combinations fell into four groups: (1) responder T cell- 
responder APC, (2) nonresponder T cell—nonresponder APC, 
(3) nonresponder T cell-responder APC, and (4) responder T 
cell-nonresponder APC. The results (Table 2) show that T-cell 
proliferation to GA was readily induced in all four types of strain 
combination, The rate of success of our experiments was 83% 
(for a total of 108 tests), and the occasional negative results were 
never reproducible. The data therefore establish that the 
response of T cells to antigen presented by fully allogeneic APCs 
is not under Jr gene control. 

However, note that we did observe nonresponsiveness in 
partially allogeneic T cell-APC combinations. For example, of 
several strain combinations where the genetic difference 
between the T cells and APCs consisted of non-expression as 
opposed to expression of the I-E molecule (such as B10.A(4R)-~ 
B10.A(2R) and B10.S(7R)-~(B10.S(9R)), some combinations 
were consistently found to respond, whereas others were 
nonresponders, to the antigen GLT. The detailed results of 
these experiments and their interpretation will be published 
elsewhere (N.I, Z.A.N. and J.K., in preparation). 


Table 2 Lack of Ir gene control of the proliferative response of T cells to GA presented by allogeneic APCs 





T cell 
H-2 Responder 
Strain haplotype status Strain 

CS57BL/10 b R BALB/c 
CS57BL/10 b R CBA 
B10.D2 d R BALB.B 
BALB/c d R B10.BR 
BiG. BR k R BALB/c 
B1iG.BR k R ACA 
C3H.NB p NR Bi0.WB 
C3H.NB p NR DBA/1 
C3H.NB p NR BIO.RHI 
C3H.NB p NR Bi0.PL 
B10.P p NR Bi0.PL 
DBA/i q NR C3H.NB 
DBA/} q NR A.SW 
DBA/Ii q NR B10.8SM 
A.SW s NR B10.Q 
C3H.NB p NR BALB.B 
C3H.NB p NR BALB/c 
C3H.NB p NR ACA 
DBA/I q NR BALB.B 
DBA/1 q NR DBA/2 
DBA/I q NR B10.M 
ASW s NR BALB/c 
CS57BL/10 b R B10.Q 
CS7BL/10 b R B10.S 
BALB/c d R BIOP » 
BALB/c d R Bi0.Q 
BALB/c d R Bi0.RIT 
BALB/c d R Bi0.SM 
A.CA f R - Bi0.Q 





APC 
H-2 Responder 
haplotype status A cpm., SI 
d R 17,534 23.0 
k R 22,773 74.7 
b R 45,163 34.3 
k R 14,829 13.3 
d R 8,701 17.9 
f R 40,848 16.6 
j NR 22,678 9.0 
q NR 17,600 7.0 
r WR 17,251 7.3 
u NR 24,215 6.9 
H NR 20,735 10.5 
p NR 11,490 5.5 
S NR 32,857 15.3 
v NR 15,490 13.3 
q NR 26,465 18.1 
b R 38,224 13.5 
d R 36,833 35.6 
f R 27,180 11.0 
b R 9,039 4.7 
d R 7,398 4.1 
f R 18,971 26.8 
d R 11,121 29.2 
q NR 11,338 8.4 
S NR 15,566 36.0 
p NR 17,479 7.8 
q NR 22,407 14,2 
r NR 13,514 6.3 
v NR 13,039 9.8 
g NR 12,332 9.9 


The assay conditions and calculations of A c.p.m. and SI were as described in Table 1 legend. Background c.p.m. (cultures with allogeneic APCs but without GA) were in 


the range 445-4 263. 


seen aa UO 
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The lack of Ir gene control in allogeneic T cell~APC inter- 
actions is best explained by assuming that the T-cell repertoire 
of each individual consists of (at least) two different compart- 
ments: one that recognizes foreign antigen in the context of 
self-MHC antigens””'*, and another that uses all allogeneic 
MHC antigens of the species for antigen recognition. The 
self-restricted part of the repertoire is incomplete, that is, it 
exhibits Ir gene-controlled nonresponsiveness, whereas the 
allogeneic MHC-restricted part appears to be complete. 
_ -Nonresponsiveness probably arises by functional or physical 
elimination of autoaggressive T-cell clones from the self- 

restricted repertoire’. This elimination process should not 
affect the allogeneic MHC-restricted part of the repertoire. The 
physiological significance of T cells restricted by allogeneic 
MHC is unclear, There are two possible explanations: either 
these cells are irrelevant for the individual or allogeneic restric- 
tion represents cross-reactivity of T cells normally recognizing 
another foreign antigen together with self-MHC molecules. 

This work was supported in part by grants Wa 139/10/AL5 
and Na 135/1-1 from the Deutsche Forschungsgemeinschaft. 
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tRNA precursor transcribed from a 
mutant human gene inserted into 
a SV40 vector is processed incorrectly 
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We have identified 12 initiator methionine tRNA (tRNA;"") 
genes in the haploid human genome’. One gene, cloned from a 
recombinant phage library of human fetal liver DNA, contained 
a- base substitution at position 56 in the mature eukaryotic 
initiator tRNA sequence. The substitution, a G replaced by a T, 
should generate a tRNA species having a U at a sequence 
position not observed in any of 178 sequenced prokaryotic and 
eukaryotic tRNAs’. Recently, we have demonstrated’ that this 
variant tRNA gene is efficiently transcribed in an homologous in 
vitro system derived from KB cells. However, the precursor 
RNA species of the variant gene, unlike that of the normal one, 
is not fully processed to a mature sequence in these cell-free 
extracts. Although the three nucleotides of the 5’ leader 
sequence are efficiently trimmed, the 13-nucleotide 3’ trailer is 
not processed, resulting in the accumulation of an 87-nucleotide 
precursor. In this report we assay the functional properties of the 
human variant initiator tRNA gene within an intact cell by 
studying its transcription from a simian virus 40 (SV40) recom- 
binant during lytic infection of African green monkey kidney 
(AGMK) cells. We demonstrate that the variant gene is 
efficiently transcribed when inserted in the SV40 chromosome 
but, as in vitro, the precursor tRNA is not processed to a mature 
{RNA species. 
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The SV40 vector used for this study has been described in 
detail elsewhere*. The structure of the SV40-tRNA;“ recom- 


_ binant (SVtm) is shown in Fig. 1. It contains a 1.15-kilobase (kb) 


fragment of human genomic DNA harbouring a single tRNA M" 
gene. This fragment is inserted in an SV40 vector that contains 
the origin of replication, the entire viral early region, and the 
extreme 5' and 3’ termini of the viral late region. The tRNA™* 
gene is oriented such that its polarity of transcription is opposed 
to that of the viral late promoters. AGMK cells were infected 
with a mixture of SVtm DNA and the temperature-sensitive 
helper, SV40tsA239 (ref. 5), and the resulting viral stocks were 
used in the following studies. 

Confluent flasks of AGMK cells were infected with an 
innoculum of the viral stock prepared as described above, or 
with a control preparation consisting of a SV40 recombinant 
containing murine a-fetoprotein DNA sequences". After 60h 
of infection at 39.5 °C, the cells were placed in low phosphate 
medium containing 100 wCiml”' of °P, and cultured for an 
additional 6h. Restriction analysis of the DNA recovered 
from one such infection showed that SVtm represented 
~60% of the viral molecules and SV40tsA239 the remainder. 

Total cytoplasmic and nuclear RNA were recovered from the 
infected cells and analysed by electrophoresis in 10% poly- 
acrylamide gels in 7 M urea’. An autoradiograph of one such 
product analysis is shown in Fig. 2. Both the cytoplasmic and 
nuclear fractions from SVtm-infected cells contain a single 
low-molecular weight species, absent from the control samples, 
that is ~89 nucleotides long, compared with the 90-nucleotide 
primary transcript observed in vitro’. This RNA species 
represents ~30% of the newly synthesized tRNA species 
resolved on the gel. The relative intensities of the other low- 
moiecular weight RNA species observed do not appreciably 
differ between the SVtm and control infections. For example, 
with respect to the intensity of the 5S RNA species, the amounts 
of labelled 4.58 and total tRNA do not differ between the 
SVtm- and control-infected cells. 


tRNA“ gene 


41 5 kb. 
. EcoRI fragment s 





Fig. 1 S$V40 recombinant containing the 1.15-kb fragment of 
human DNA bearing the variant (RNA) gene. A 3.1-kb frag- 
ment of SV40 DNA, extending from 0.72 to 0.14 on the circular 
map and containing the early region, was cloned in pBR322 at the 
EcoRI site as described previously*. The pBR322-SV40 vector 
was linearized by partial EcoRI digestion and recovered after 
agarose gel electrophoresis. The linear vector was ligated to the 
1.15-kb fragment bearing the variant tRNA!" gene’, and the 
ligation mixture used to transform Escherichia coli strain LE392 
(ref. 18). Clones bearing the 1.15-kb insert were identified by 
colony hybridization'’, and one containing the tRNA ®' in an 
orientation opposite to that of the late viral promoter was pro- 
pagated. Plasmid DNA from this clone was isolated”? and digested 
partially with EcoRI, releasing a 4.25-kb fragment consisting of the 
3.1-kb viral sequence and the 1.15-kb fragment. Following 
purification by gel electrophoresis, the fragment was recovered and 
circularized with T4 DNA ligase“. Ori, origin of viral replication; 
W, schematic location of the tRNAM* gene within the chromo- 
somal insert, with arrow above indicating direction of 
transcription from the tRNA promoter. 


© 1982 Macmillan Journals Lid 


534 

The RNA species accumulating in the SVtm infection was 
recovered from the gel and analysed by classical fingerprinting 
techniques””. A fingerprint of a T1 digest of this RNA is shown 
in Fig. 3 and the complete sequence is presented in Fig. 4. The 
numbered spots were identified by secondary complete 
pancreatic RNase digestion and product analysis. Absolute 
identification was aided by knowledge of the sequence and 
previous fingerprint analysis of in vitro transcripts of this gene’. 
The point critical to this discussion is that the transcript is clearly 
a precursor of the variant tRNA, The base substitution at 
position 56 eliminates an AUCG oligonucleotide and results in 
the appearance of the long oligonucleotide AUCUAAAC- 
CAUCCUCUG (spots 12, 13), representing the loop 4 region of 
the tRNA. The 3’-terminal sequence CUUU is present, along 
with the oligonucleotide CUAAAG, which lies within the 3’ 
trailer. Digestion of the precursor with T1 generates apUUAG 
arising from position —2 in the DNA sequence. Analysis of a 
total T2 digest by two-dimensional TLC fails to reveal any 
pppGp. 

We have performed only a preliminary analysis of base 
modification within the precursor. 1-Methylation of adenosine 
at position 57, adjacent to the base substitution at 56, occurs in 
~70% of the precursor. The adenosine at position 36, adjacent 
to the anticodon, and normally modified in tRNA“ to N°- 
(threoninocarbonyl)adenosine is unmodified in the precursor 
(data not shown), Analysis of total modified nucleosides by the 
TLC methods of Nishimura’ demonstrated some 5,6-dihy- 
drouridine, 5-methylcytidine (position 47) and G-methylation, 
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Fig.2 Electrophoretic analysis of “*P-labelled RNA isolated from AGMK 
cells during late phase of SVim infection. SVtm, described in Fig. 1, was 
encepsidated by transfection of AGMK cells with 0.5 ug of SVtm DNA and 
).2 ug SV40 tsA239 helper DNA, as described elsewhere*: 2.5 ml of the 
resulting lysate was added to a monolayer of 2x107 AGMK cells and 
incubated at 39.5 °C for 64h. Media was replaced with minimal essential 
medium without phosphate but containing 5% dialysed fetal calf serum. 
Carrier-free °P (New England Nuclear) was added to 100 pCi mi~’, and the 
cells were incubated at 39.5 °C for an additional 6 h. The flasks were washed 
several times with Dulbecco's phosphate-buffered saline (PBS) (without 
added magnesium and calcium) and then scraped free with a rubber police- 
man. After several washes with PBS the cells were washed once in TKM 
buffer containing 50 mM Tris-HCI pH 7.6, 80mM KCI, SmM magnesium 
chloride, collected by centrifugation, and lysed by suspension in | ml of 
TKM containing 0.2% NP-40. Nuclei were removed by centrifugation at 
10,000g for 10 min. The post-nuclear supernatant was collected, made 
0.2% in SDS and extracted twice with 1 vol of phenol, 1/2 vol chloro- 
form/isoamyl alcohol (24:1). Nuclear RNA was extracted by the hot acid- 
phenol method*’. A control infection, using the identical SV40 vector 
ligated to a 2.5-kb fragment containing the murine a-fetoprotein gene 
sequences” was carried through all corresponding steps. Samples of RNA 
were loaded onto a 1 mm-thick, 25 cm-long 10% acrylamide gel in TBE 
buffer’ containing 7M urea and electrophoresed at 700 V for 4h. The gels 
were autoradiographed against Kodak XR2 film at — 20 °C for 20 min. Lanes 
a, €, **P-RNA from cells infected with SVtm; lanes b, d, RNA from cells 
infected with SV40 vector containing murine a-fetoprotein genomic insert. 
Arrows indicate mobilities of SS RNA, tRNA and tRNA™* precursor. 








Nature Vol. 295 11 February 1982 






E 

S 10C) cuaaas 

S O 

a0 

x 

z 

= CCCAUAACCCAG 

Q mt 

= " 12), ucuaaaccauccocus 
£ 3O aUCUAAACCAUCCUCUS 


pH 3.5 


Fig. 3 Fingerprint analysis of the 89-nucleotide RNA accumu- 
lating during late infecticn with SVtm. The major species migrating 
in the pre-tRNA region, as shown in Fig. 2a, was recovered from 
the gel”? (10° d.p.m.), digested to completion with T1 RNase and 
fingerprinted as described elsewhere” using iontophoresis on 
cellulose acetate at pH 3.5 in the first dimension; and homo- 
chromatography on DEAE-cellulose TLC plates in the second 
dimension. Secondary digestions of selected oligonucleotides were 
done using pancreatic RNase, followed by electrophoresis on 
DEAE-cellulose paper, to confirm oligonucleotide assignment. 
1-Methyladenosine was identified by secondary digestion of oligo- 
nucleotide 12 with RNase T2, followed by two-dimensional TLC’”. 


but the full extent of these, and specific positions, have not been 
determined. 

As the precursor represents ~30% of the total newly 
synthesized RNA in the tRNA population, we would expect that 
efficient processing of this species should result in the accumu- 
lation of tRNA}"“' as a major RNA species in the cell. However, 
hybridization of equal amounts of gel-purified tRNA from 
SVtm and control infections to filter-bound tRNAM* DNA 
occurred at approximately equal rates and reached a maximum 
level of hybridization of ~1% of the input radioactivity in each 
case (data not shown). We conclude that conversion of the 
mutant precursor to mature tRNA does not occur with any 
Significant efficiency. 

Conclusions concerning the in vivo activity of the human 
variant (RNA! gene are based on the assumption that tran- 
scription of the gene occurs from the tRNAM* promoter. 
Several observations lead us to believe that this is the case. The 
tRNA} is most likely transcribed from the recombinant $V40 
chromosome by RNA polymerase III, based on the 3'-terminal 
sequence of the tRNA; precursor, GCUUU. The polymerase 
responsible appears to have recognized accurately the termina- 
tion signal of the gene, GCTTTTT ..., a property, as far as we 
know, unique to RNA polymerase III''. Although the major 
intermediate lacks a 5'-terminal triphosphate, and thus is not an 
intact initial transcript, it is shorter by only one nucleotide than 
the primary transcript observed during transcription in vitro of 
the variant tRNA" gene. We presume that some nibbling of 
the 5' end has occurred in the system, similar to that observed 
during the biosynthesis of tRNA’ following injection of the 
gene into the intact Xenopus laevis oocyte'*. Although it is 
possible that the 89-nucleotide intermediate represents the 
product of previous cleavage of a longer RNA species initiated 
upstream, we believe there is no strong evidence to support this 
possibility. No RNA polymerase III promoter has been demon- 
strated on the 1.15-kb chromosomal fragment inserted in $V40, 
except for the tRNA gene, in in vitro systems using KB cells 
and X. laevis ovarian extracts’. Initiation from within a viral 
sequence is unlikely as no functional RNA polymerase III 
transcription unit having activity comparable with that observed 
on the SVtm recombinant has been identified on SV40'°, 
Furthermore, the level of expression is much higher than would 
be expected from the viral early promoter, which is oriented in 
the same polarity as the tRNA gene, representing no more than 
0.01% of total RNA synthesized late in lytic infections'*. 

Although the variant human tRNA gene is transcribed in 
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GENE 1 


j . 
TTCCGTIAGCAGAGTGGCGCAGCEGAAGCGTGCTGGGCCCATAACCCAGAGGTCGATGGATCTAAACCATCCTCTGCTAJAAGAAGGGTGCTITITITITTTITITC 


PRE-tRNAM°t pUUAGCAGAGUGGCGCAGCGGAAGCGUGCUGGGCCCAUAACCCAGAGSUCGAUGGAUCUAAACCAUCCUCUGCUAARGAAGGGUGCUUUrs 
NUCLEOTIDES B 43 242 52 6 3 6 7 13 10 5 9 


Fig. 4 „Sequence of the variant tRNA™* transcript and the corresponding gene. Arrow denotes the base transversion at position 56 in the 
tRNA" sequence. Brackets indicate mature termini of the tRNA. Numbered oligonucleotides correspond to those noted in Fig. 3. The 
sequence of the gene and flanking regions was determined previously’. 


vitro to about the same extent as the normal gene, the 
significance of this is rather clouded in that the template is not, in 
conditions of cell-free transcription, organized into chromatin, 
the structure it assumes physiologically. By using the SV40 
vector, however, we can demonstrate that the mutant tRNA 
gene is indeed functional when present in the nucleus as a 
supercoiled, chromatin-packaged structure. 

Our finding that the variant human tRNA; gene is tran- 
scribed in an intact cell but that the precursor is not efficiently 
processed to a mature tRNA suggests that mutations within 
eukaryotic tRNA genes may be more prevalent than assumed 
from the limited sequence variation observed in mature tRNA 
species. We suggest that nucleolytic processing of tRNA pre- 
cursors, which in the case of the human tRNA; gene transcript 
involves excision of a 5’ leader and 3’ trailer, provides a ‘proof- 
reading’ function resulting from stringent sequence or structural 
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X-ray crystallography has shown that in deoxyhaemoglobin the 
iron atoms are displaced by 0.5640.03 A from the mean 
porphyrin plane, whereas in liganded haemoglobins they lie 
either in or close to that plane’*. Perutz? proposed this shift as 
one principal factor responsible for haem-—haem interaction. 
Eisenberger ef al. used extended X-ray absorption fine structure 
(EXAFS) to measure the Fe-N distance in deoxyhaemoglobin 
and concluded that the irons lie only 0.2 5:3 A from the plane of 
the porphyrin nitrogens and that the mechanism of Perutz is 
therefore invalid’. We have now compared the EXAFS of 
deoxyhaemoglobin with that of the ferrous ‘picket fence’ 2- 
methylimidazole complex in which the displacement of the iron 
from the plane of the porphyrin nitrogens is known to be 
0.399+0.004 and 0.426+0.004 A from the mean porphyrin 
plane (ref. 5). The two EXAFS spectra are very similar, con- 
sistent. with similar displacements of the irons. We find the 
same Fe-N distance of 2.06+0.01 A in deoxyhaemoglobin as 
Fisenberger et al., but show that the displacement of the iron 
cannot be calculated from that distance. 
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The samples were prepared as follows. A 15 mM solution of 
human deoxyhaemoglobin was prepared from a red cell lysate 
by pressure dialysis followed by deoxygenation and addition 
of neutral Na.S.O, in an oxygen-free glove box. A drop 
of this solution was mounted in a hole 5mm wide in a 
1mm-thick copper strip, sealed between thin mylar films 
and kept under nitrogen before use. The crystalline picket 
fence complex (2-methylimidazole-meso-tetra(a,a,a,a-O-piv- 
amidophenyl)porphyrinatoiron-(II)-ethano! [Fe**(T piv PP)- 
(2-MeIm).EtOH] was prepared in oxygen-free conditions 
as described in ref. 5. In the first of the two independent EXAFS 
experiments, 2 mm-wide thin-walled glass capillaries were filled 
with the sample and sealed with bees’ wax. In the second, the 
complex was diluted by mixing with boron nitride (~1:1 by wt) 
and then formed into a pellet 0.4mm thick by pressing 
between two Mylar sheets separated by an aluminium spacer. 
After the EXAFS experiment, the sample was extracted 
from the pellet with toluene and checked spectrophotometri- 
cally to ensure that neither oxygenation nor oxidation has 
occurred. 

EXAFS associated with the Fe K-edge was recorded both in 
fluorescence and transmission modes at the Stanford Radiation 
Laboratory. Five spectra of deoxyhaemoglobin collected at 10K 
(three scans), 44K (one scan) and 110K (one scan) were 
averaged to give a good-quality spectrum. For the first picket 
fence sample a single spectrum was recorded at 100K; for the 
second sample three spectra were recorded at 300K. No 
appreciable difference was found between these spectra at 
E<150 eV. The spectrum analysed in detail at Daresbury was 
that recorded at 100K; those recorded at 300K were analysed at 
Stanford. 
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Fig. 1 EXAFS and Fourier transforms of human deoxy- 
haemoglobin. a, Experimental curve and transform derived from it. 
b, Calculated curves taking into account scattering from nearest 
neighbours only (first shell); c, same for first and second shell: d, 
same for first three shells; b-d were calculated using the plane wave 
method. e, EXAFS curve calculated for first three shells using 
spherical wave method. Best-fitting distances of carbon and 
nitrogen atoms from the iron are listed in Table 1. Fourier trans- 
forms have been multiplied by R? to obtain the radial intensity 
distributions of the atoms surrounding the iron. 


We have used the atomic coordinates of the picket fence 
models to calculate the distances of carbon and nitrogen atoms 
up to 4A from the Fe atom. For data manipulation and the 
calculation of theoretical spectra at the Daresbury Laboratory 
we used the procedures and programs described in refs 6 and 7 
and for our interpretation we relied on Lee and Pendry’s 
theoretical approach.. 

Phase shifts were calculated using the MUFPOT program, by 
constructing a complex muffin-tin potential following the 
Standard Matheiss prescription, and making use of the 
Clementi~Roetti wave functions for carbon and nitrogen atoms 
in the neutral state. The excited iron atom was approximated by 
the wave functions of the Co atom with one electron from the 1 s 
orbital removed, The EXAFS spectra of deoxyhaemoglobin and 
the picket fence are shown in Figs 1-3. They show a close 
resemblance: each contains several beat regions at 40-90, 100- 
180 and 200-300 eV, indicating similarities in the distances and 
nature of the atoms surrounding the Fe atom. The large number 
of beats suggests that the complex EXAFS profile arises from 
the interference of several back-reflected waves. This is evident 
from the Fourier transforms which show strong contributions 
from scattering distances of up to 4 A. 

The theoretical and experimental EXAFS spectra were 
converted into k space defined by k = J UE -E ) where E is the 
energy of the incident beam and E , the energy of the beam at the 
absorption edge of iron. Fourier transforms were then 
calculated with respect to exp (—i2KR) where R is the radial 
distance of an atom from the Fe atom. The problems of 
secondary maxima and changes in peak positions induced by 
phase shifts were dealt with by correcting the spectrum for the 
back-scattering factor of the nearest shell and by multiplying the 
EXAFS spectrum with a gaussian function, exp [—0.1(k Skol 
with k, at the centre of the available range. Instead of using a 
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Fourier filtering technique and isolating individual shells (peaks) 
we preferred to identify the contribution of individual shells to 
the EXAFS spectrum and to the Fourier transforms. This 
approach has recently been applied successfully to Cu-Zn 
superoxide dismutase and its various substituents’, EXAFS 
simulations were performed with both the raw and the splined 
data. 

The following parameters were used to calculate the EXAFS: - 
(1) the distances of the shells from the central Fe atom; (2) the 
kinds and numbers of atoms in each shell; (3) their thermal and 
structural disorder; and (4) the shift in energy of the X-ray 
absorption edge (E). Parameters (1) and (2) determine the 
phase and amplitude over the whole energy range; (3) influences 
the amplitude at energies >200 eV; and (4) linearly shifts the 
experimental spectrum. Parameters (2) are known. The 
crystallographic distances in the picket fence’ were used as the 
starting distances for both deoxyhaemoglobin and the picket 
fence. Parameters (1) and (3) were optimized individually for 
each shell by visual inspection of (a) the agreement between the 
experimental and theoretical EXAFS; (b) the agreement 
between their respective Fourier transforms; (c) by considering 
the major features of the Fourier transform of the difference 
between the experimental and theoretical EXAFS; and (d) by 
monitoring the difference function [0.15( Xexp ` X meo) Once the 
theoretical EXAFS resembled the experimental one, an edge 
shift of 15 eV was applied and then parameters (1) and (3) were 
further refined, again using criteria (a)~(d). 

Figure 1 shows the uniqueness of the EXAFS spectrum and its 
Fourier transform with the contributions to them by the 
individual shells of atoms. The three beat regions could be 
simulated only by including all the atoms lying within 4 A of the 
Fe atom. Figure 2 shows two theoretical spectra and two 
theoretical transforms, one set calculated with the optimized 


Fe-N porphyrin distance of 2.05 A and the other with a distance of 
2.07 A. The longer distance makes the theoretical curve in the 
first beat region narrower than the experimental curve and 
makes the first shell peak of the Fourier transform appear at a 
longer distance than the experimental one. Figure 3 shows the 
EXAFS spectrum of the picket fence and its theoretical simula- 
tion together with their respective transforms. Table 1 lists the 
distances and Debye-Waller terms used for the simulations. The 
most important parameter is the distance from the Fe atom to 
the porphyrin nitrogens, F2-N porpayrine That distance measured 
by EXAFS at <110K is 2.05 (+0.01) A for deoxyhaemoglobin 
and 2.06+0.02 A for the picket fence; at 300K a distance of 
2.10+ 0.04 A was measured for the picket fence: also at 300K a 
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Fig. 2 EXAFS and Fourier transforms of human deoxy- 
haemoglobin. Theory a is the same as shown in Fig. le; theory b 
was obtained with Fe-Np distance of 2.07 A; all other parameters 
as for Fig. le. Experimental spectrum is shifted to higher energy: 
Eo = 15 eV, ~~~ ~, Theory a; ++- «theory b; , experiment. 
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Fig.3 EXAFS and Fourier transform of oxygen-free picket fence 

complex (first samples, 100K). Curves were calculated by the 

spherical wave method. Experimental spectrum is shifted to higher 
energy: Ey = iS eV. 


distance of 2.072+0.005 A was found by single crystal X-ray 
analysis’. Thermal expansion between 100K and 300K would 
lengthen the Fe-N bond by ~0.01 A. All the values therefore 
agree within the error limits. For the next three shells the 
agreement between the picket fence EXAFS and crystallo- 
graphic data is also good, but for the distant shells 4C (3.45 A) 
and 8C {4.3 A), EXAFS gives shorter distances than the crystal- 
lographic analysis. A similar apparent shortening of distances 
was found in the Cu-Zn superoxide dismutase for both the 
enzyme systems and the well characterized chemical system 
Cilimid),(NO;). (ref. 7). The reasons for this discrepancy were 
not well understood, but multiple scattering and shadowing 
effects may become important for distances >3.2 A. The appli- 
cation of EXAFS to this well characterized model of deoxy- 
haemoglobin provides confidence that the theory can be used 
reliably for determining the distances of atoms within 3.2 
from the Fe atom; beyond this EXAFS may underestimate 
them. 

Before comparing the EXAFS results with the crystallo- 
graphic data for deoxyhaemoglobin' and the picket-fence 
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_ Table 1 Parameters used to simulate the EXAFS associated with the 
Fe K-edge of deoxyhaemoglobin and deoxy picket fence complex 


aar aima aeee 


Single 

Deoxyhaemoglobin Deoxy ‘picket fence’ o 

2 +. i 2. rey 

Atom o7(A2)  R{(A) a7 (A*)  R(Å) analysis 

4N 0.004 2.05 0.006 2.06 2.07 
IN 0.006 2.12 0.006 2.11 2.10 
9C 0.003 3.01 0.011 3.01 3.09 
1C 0.003 3.15 0.003 3.15 3.14 
4c* 0.003 3.29 0.008 3.34 3.45 
8C* 0.003 3.92 0.006 3.89 4.30 


‘nenineamaasammartssineeasarranintennenaamahte ities DALAT Atta ALAA N LENCE NNN TC CONN ACID CCNA EE 


~  R denotes the distance of the atom from the Fe atom. g” is a Debye 

` Waller factor and is equivalent to AR”. Ey = 15 eV. The difference in 
Debye Waller factors of the 9 carbon atoms is significant and derives 
_ from a difference of EXAFS at ~300 eV and of the amplitudes of the 
— Fourier terms at ~3 A (Figs 2, 3). 
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model’, we must consider the powers and limitations inherent in 
the different methods of structural analysis. EXAFS gives the 
distances of atoms from a central metal atom with a standard 
error of <0.02 A, but no data on the distribution of these atoms 
in space, Refinement of X-ray data obtained from single crystals 
of the picket fence at high resolution using Mo K, radiation 
gives the positions of the central Fe atom with a standard error of 
0.001 A and of the carbon and nitrogen atoms with a standard 
error of 0.01 A. The distance of the Fe from the plane of the 
porphyrin nitrogens can be determined with a standard error of 
0.004 A (ref. 5). The electron density maps of human deoxy- 
haemoglobin at 2.5A resolution obtained by multiple iso- 
morphous replacement, allow the positions of the Fe atoms to be 
determined with a standard error of 0.05 A. By fitting a planar 
model of protoporphyrin IX to the map, the positions of the 
porphyrin nitrogens and carbons in that plane can be deter- 
mined with a standard error of 0.14 A and the distance of the Fe 
from the porphyrin plane with a standard error of 0.03 A (refs 1 
and 10). All three analyses rely on computer algorithms that 
render the results fairly free from human bias. 








Fe-N porph * 2072 5 
Fe- P 10.399 


Fig. 4 Stereochemistry of iron coordination in the oxygen-free 
picket fence complex”. Distances in ångströms; numbers in paren- 
theses give the standard error in 0.001 A. 


In the picket fence the four pyrrol rings are domed slightly 
towards the Fe which lies 0.399A from the plane of the 
porphyrin nitrogens and 0.426 A from the mean plane of the 
24 porphyrin nitrogens and carbons (Fig. 4). In deoxy- 
haemoglobin the resolution is insufficient to determine whether 
the pyrrol rings are domed. The distance of the Fe from the 
planar skeleton of 32 nitrogens and carbons that Fermi fitted to 
the electron density was 0.56 A in both the a and 8 subunits’, 
Our EXAFS results are consistent with Fermi’s finding as they 
show that the distances from the Fe atom to the nitrogens and 
carbons are similar in the picket fence and in deoxy- 
haemoglobin. Our EXAFS spectrum and Fe-Nporpn distances 
agree with those of Eisenberger et al,*. we wondered, therefore, 
what led them to conclude that the iron in deoxyhaemoglobin 
was only 0.2 A from the porphyrin plane. 

Eisenberger et al. obtained this value by triangulation. They 
used their EXAFS distance of 2.055 A from the Fe to the 
porphyrin nitrogens (Fe~Nyorpn) in deoxyhaemoglobin as the 
base of a right-angled triangle; for one of its sides they used the 
distance of 2.045 A of the porphyrin nitrogens from the centre 
of the porphyrin ring (Ct—-Nporpn) found in a single crystal study 
of model compound Fe?*(TPP)(2-MeIm).EtOH (D. A. 
Buckingham, quoted in ref. 14). This makes the other side of the 
triangle Fe-Py = V(2.0557 ~ (2.045) =0.2 A. Eisenberger et 
al. also compared the EXAFS of deoxyhaemoglobin with that of 
a deoxygenated picket fence complex having a water molecule 
weakly coordinated to the sixth position at the Fe atom. This has 
Fe-Nporpn = 2-068 + 0.014 A, the same as the picket fence we 
have used, but due to the sixth ligand the displacement of the Fe 
from the plane of the porphyrin nitrogens is reduced to 0.28 A 
(ref. 12). 
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R Table 2 Parameters of five-coordinated high-spin iron porphyrins from single crystal X-ray analyses 





a a a a E sa 
Fe-Pyu Fe~N porph 
Complex (Å) Ct-N porph A Fe-Pon 
O[Fe**(diMeOEP)], 0.512 2.065 1.995 7 0.018 0.535 
O[Fe** (TPP)], 0.496 2.087 2.027 0.044 0.532 
Fe**(TPP)(Br) 0.489 2.069 1.992 0.070 0.539 
Fe**(TPP}(NCS) 0.485 2.065 2.007 0.068 0.541 
Fe**(TPP)(I) 0.480 2.066 1.996 0.068 0.537 
Fe>*(Protoporph)Cl 0.474 2.062 2.007 0.080 0.541 
Fe**(Meso-DME)(OCH;) 0.456 2.073 2.022 0.034 0.484 
Fe**(Proto-DME)(SR)} 0.434 2.064 2.015 0.015 0.446 
Fe**(TPP)(2-MelIm) 0.418 2.086 2.043 0.134 0.530 
Fe**(Tpiv PP)(2-MeIm) 0.399 2.072 2.033 0.027 0.505 
Fe**(TPP)C] 0.404 2.063 2.023 -0.015 0.392 
Mean 0.457 2.070 2.015 0.052 0.507 


nt ret 


Px, mean plane of porphyrin nitrogens; Po, mean plane of conjugated carbons; Pen, mean plane of nitrogens and carbons. A is the doming 
parameter, giving the difference between the plane of the nitrogens and carbons (=Po — Py). For details of these structures see ref. 15, except 


Fe**(TpivPP)(2-MeIm) EtOH which is described in ref. 5. 


Table 2 summarizes structural parameters for various high- 
spin iron porphyrins determined by X-ray analysis of single 
crystals at high resolution. In no case is Fe-P,<0.4 A. If the 
displacement in deoxyhaemoglobin were only 0.2 A, as Eisen- 
berger et al. proposed, then its stereochemistry would be unique 
among five-coordinated high-spin iron porphyrins. The tri- 
angulation of Eisenberger et al. relies on taking the root of the 
difference of two squares of nearly equal value. A change in 
Fe-Noorpn OF Ct-Nyorpn Of only 0.01 A therefore changes Fe—P,, 
by ~0.05 A, Eisenberger et al.’s value of Fe-Py = 0.2 A was 
derived by using Fe-Noosph and Ct-N porn values from two 
different haem complexes. Because calculation shows that 8 (Fe- 
Px) /8(Ct-Nooroh) = 5, an accurate value of Fe-P,, could be 
obtained by this method only if Ct-N,,o, >, distances were invari- 
ant among five-coordinated high-spin haems and a direct cor- 
relation therefore existed between Fe~N,orpn and Fe—P,,; but this 
is not the case (Table 2 and Fig. 5). The structures of five- 
coordinated high-spin iron porphyrins determined by X-ray 
analysis of single crystals at high resolution show that the value 
of Fe-N,orpn from one compound cannot be combined with that 
of Ct-Nporpn from another to derive a reliable value for Fe—Px, 
because the individual distances are too variable and there is no 
correlation between the two parameters. We conclude that it is 
impossible to infer from EXAFS the displacement of the iron 
from the porphyrin plane unless multiple scattering theory can 
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Fig. 5 Mean distances from Fe to porphyrin nitrogen (Fe-N porph) 

plotted against displacement of Fe from the mean porphyrin plane 

in five-coordinated high-spin iron porphyrins. Data taken from 
Table 2. 


be applied to the near-edge structure’: it has to be measured 
directly by single crystal X-ray analysis. 

When M.F.P. first proposed his stereochemical mechanism of 
haem-haem interaction, he believed the displacement of the Fe 
from the porphyrin plane in deoxyhaemoglobin to be due 
entirely to the increase in iron radius on going from its low-spin 
in oxyhaemoglobin to its high-spin form in deoxyhaemoglobin. 
Warshel’* and Eisenberger et al.* have pointed out that this was 
an oversimplication. In reality, a mixture of electronic factors 
(repulsion of the occupied d,2_,2 orbitals of the Fe by the a 
orbital of the porphyrin) and steric factors (van der Waals’ 
repulsion of the proximal histidine by the porphyrin nitrogens) 
conspire to push the Fe cut of the porphyrin plane and dome the 
pyrrols towards the Fe, so that the Fe atoms and the proximal 
histidines in deoxyhaemoglobin are further from the mean 
porphyrin planes than in liganded haemoglobins. However, 
from the mechanistic point of view, the causes of the displace- 
ments do not matter: what matters is that they do occur. 
Hopfield’* predicted that the free energy of haem—haem inter- 
action may be directly proportional to the sum of those dis- 
placements. Many other observations point to the crucial part 
played by the movement of the iron and the proximal histidine 
relative to the porphyrin and the general dominance of stereo- 
chemical factors in the mechanism of cooperativity. 
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Awards 


The National Academy of Sciences awards 
for 1982 include: James Murray Luck Prize to 
Victor A. McKusick, (The Johns Hopkins 
School of Medicine); Award in Chemical 
Sciences to Gilbert Stork (Columbia 


=- University); Award for Initiatives in 
Research to Kerry E. Sieh (California 


Institute of Technology); Public, Welfare 
Medal to Paul G. Rogers (formerly of the 
House Subcommittee on Health and the 
Environment); Gilbert Morgan Smith 
Medal to Luigi Provasoli (Yale University); 
Mary Clark Thompson Medal to William 
A. Berggren (Woods Hole Oceanographic 
Institution); US Steel Foundation Award 
in Molecular Biology to Joan A. Steitz 
(Yale University); Selman A. Waksman 
Award to LC. Gunsalus (University of 
Illinois); Charles Doolittle Walcott Medal 
to Martin F. Glaessner (University of 
Adelaide); G.K. Warren Prize to John T. 
Hack (The Geroge Washington 
University); James Craign Watson Medal 
to Stanton J. Peale (University of 
California). 

Dr Theodore Brewster Taylor (Appro- 
priate Solar Technology Institute, Inc.) is 
the recipient of The Boris Pregel Award for 
Applied Science and Technology. 


Professor William Trager (Rockefeller 
University) has been awarded the First 
Rameshwardas Birla Triennial Inter- 
national Award in tropical medicine by the 
Medical Research Centre of the Bombay 
Hospital Trust. 


Nineteen Prize Fellow selected by 
D. and Catherine T. MacArthur 
Foundation will receive unrestricted awards 
of $24,000 to $60,000 annually for five 
years: Dr Hugh John Cairns (Cancer 
research; microbiology); Joel E. Cohen 
(Mathematics & demography; public 
health); Richard P. Critchfield 
(Journalism); Howard E. Gardner 
(Developmental psychology; clinician); 
John P. Gaventa (Political science; social 
activism); David Hawkins (Philosophy; 
education); John P. Holdren (Physics; 
energy and environment); Ada Louise 
Huxtable (Architecture criticism); Robert 
W. Kates (Geography; natural hazards 
research); Dr Raphael C. Lee (Surgery; 
biomedical engineering); Cormac 
McCarthy (Novels); Richard C. Mulligan 
(Cancer research; biochemistry); Elaine H. 
Pagels (History of religion); David Pingree 
(History of science); Paul G. Richards 
(Theoretical seismology); Richard M. Rorty 
(Philosophy); Joseph H. Taylor (Radio 
astronomy; astrophysics); Michael 
Woodford (Economics; legal theory); 
George Zweig (Physics; neurobiology). In 
addition Barbara McClintock, 79, a 
geneticist, has been selected as the Founda- 
tion’s first Prize Fellow Laureate — assuring 
her of $60,000 annually. 


Dr Nien-Chu C. Yang (University of 
Chicago) is the recipient of The Gregory 
and Freda Halpern Award in Photo- 
chemistry sponsored by the Polychrome 
Corporation. 


The Institute of Physics Award for 1982 
are: Charles Vernon Boys Prize to Dr B.J. 
Isherwood (GEC Hirst Research Centre); 
Duddell Medal and Prize to S. van der 
Meer (CERN); Glazebrook Medal and 
Prize to Professor J.M.A. Lenihan (West 
of Scotland Health Boards); Guthrie 
Medal and Prize to Sir Charles Frank 
(University of Bristol); Maxwell Medal and 
Prize to Dr J.R. Ellis (CERN); Rutherford 
Medal and Prize to Dr D.M. Brink 


- (University of Oxford); Prizes for the 1981 


Graduateship Examination of the Institute 
to D.J. Pointer and T.J. Mays (Bristol 
Polytechnic). 


The Paul-Martini-Prize for promoting the 
development of scientific methods for the 
evaluation in the clinical pharmacological 
and therapeutical fields will be confered by 
the Paul-Martini-Foundation which 1s 
sponsored by the Medizinisch Phar- 
mazeutische Studiengesellschaft (Mainz, 
FRG). Papers must be self-contained not 
older than two years. They should be 
sumbitted either in English or German with 
six copies to the Medizinisch Pharma- 
zeutische Studiengesellschaft e.V., 
BilhildisstraBe 2, Postfach 3048, D-6500 
Mainz, FRG before 30 April 1982. 


An open competition in geometry for an 
award of $2,500 is being sponsored by 
Science Software Systems, Inc. The award 
will be presented to the competitor who 
submits the most complete solution to the 
problem: What geometrical properties of 
dissimilar inversion loci are consequences 
of the property of self-inversion of a basis 
curve at angles other than 0° or 180°? For 
further information send a stamped self- 
addressed envelope to Science Software 
Systems, Inc., 11899 W. Pico Boulevard, 
Los Angeles, California 90064, USA. 


The Trustees of the Lady Tata Memorial 
Trust invite applications for Awards for 
personal support for research on 
leukaemia, in the Academic Year 
beginning | October 1982. Candidates with 
programmes of research on any aspect of 
malignant disease which may throw light 
on problems of leukaemia will be eligible 
for consideration. Awards are open to 
suitably qualified investigators of any 
nationality, working either in their own 
institutions or in other centres abroad. 
Further particulars from the Secretary of 
the (European) Scientific Advisory 
Committee, Lady Tata Memorial Trust, 
MRC Leukaemia Unit, Royal Post- 
graduate Medical School, Du Cane Road, 
London W12, UK. 





The Eli Lilly Fellowship in diabetes in 
children has been established by the British 
Diabetic Association. It will be funded by ` 
Eli Lilly & Company. This fellowship will be 
for a doctor of registrar status and will last 
for two years. The research into diabetes in 
children will be carried out at the hospital of 
the successful candidate, Application forms 
from the assistant secretary, British Diabetic 
Association, 10 Queen Anne Street, 
London W1, UK. 


The L.S.B. Leakey Trust is now able to 
award research grants to scholars in the 
fields of human palaeontology, archae- 
ology and primate behaviour. Contact: 
Miss Anne Turner, The L.S.B. Leakey 
Trust, 10 St George’s Mansions, Vauxhall 
Bridge Road, London SW1, UK. 


Appointments 


Mr J.W. Bundy (Agricultural General 
Manager of Birds Eye Foods Limited) has 
been elected by the Council of the National 
Institute of Agricultural Botany to be their 
Chairman for 1982-83. 


Professor C.S. Holling (University of 
British Columbia in Vancouver) will be the 
new director of the International Institute 
for Applied Systems Analysis in 
Laxenburg near Vienna, Austria. 


Meetings 


l-4 March, Mobility and Function in 
Proteins and Nucleic Acids, London (The 
Ciba Foundation, 41 Portland Place, 
London W1, UK). 


4 March, Developments in Low- 
temperature Biochemistry and Biology, 
London (The Royal Society, 6 Carlton 
House Terrace, London SW1, UK). 


15-17 March, Energy and Feedstocks for 
the European Chemical Industry, Belgium 
(Society of Chemical Industry, 14-15 
Belgrave Square, London SW1, UK). 


15-23 March, Introduction of Utra- 
microtomy, Seefelder (Reichert-Jung UK, 
820 Yeovil Rd, Slough, UK). 

18 March, The “Simple Surface”, London 
(Conference Secretary, IEETE, 2 Savoy 
Hill, London WC2, UK). 


19, March, Wind and its Effects on Man, 
Plants and Animals, Edinburgh (The 


= Royal Society of Edinburgh, 29 Queen St, 


Edinburgh, UK). 

22 March, European Symposium on the 
CANDU Reactor, London (Scientific and 
Technical Studies, Norwich House, 
Norwich St, London EC4, UK. 

24 March, Concrete for Durability, 
London (The Concrete Society, Terminal 


House, Grosvenor Gardens, London SW1, 
UK). 














Continued from page 452 

During a relatively short period, many of 
the above demands were introduced practically 

although not by law. In particular the 
presidium of the academy and the chancellors 
and deans in almost all universities were 
chosen in a truly democratic way. 

It is significant that most of those elected 
were politically inactive before 1980 and of 
moderate views, and gained their authority 
solely on the basis of their scientific 
achievements. Thus the elected people can be 
seen as truly representative of a scientific 
community which is not heroic but truthful, 
which follows directives but recognizes that 
the political direction of science has damaging 
effects. 

It can be argued that a similar attitude is 
typical of “normal” scientific communities. 
But the Polish one is not ‘‘normal’’. Its older 

“members endured the Nazi holocaust or harsh 
life in remote Soviet provinces: their students 
started their careers during the period of the 
Stalin cult with its brainwashing machinery. 
This community suffered the wave of 
repressions and purges in 1968 followed by the 
liquidation of the remnants of academic 
freedoms. It was corrupted during the past ten 
years of mild but effective “‘sovietization’’, 
Thus it was encouraging to see that the old 
ideals of scientific freedom, so often declared 
to be outdated, are so deeply rooted in the 
bulk of this community and that it is ready to 
support democratic changes. 

Surely the power of the reformers of the 
scientific establishment rested not only, and 
not even mainly, on the social forces in their 
own home but on the forces of an awakening 
society. 

Perhaps much more could have been 
achieved. There were too many useless 
meetings, endless and inconclusive discussions 
about the new structure of science or about 
formulations of new constitutions. We were 

_ drunk after taking too large a draught of 

democracy and were not yet ready to use it 
effectively. 

Most of the staff of the academy and 
universities joined Solidarity. But surprisingly, 
during 1980-81, students were less eager to 
follow this movement, although a large 
number of new student organizations 
appeared. Even the most influential of these, 
Niezalezne Zrzeszenie Studentów (NZS, 
Independent Student Association) was joined 
by fewer than 20 per cent of the students. 

The main action of NZS was the 
proclamation in October 1981 of a general 
strike in protest at the halting of legislative 
procedures concerned with the new progressive 
law of higher education and in support of the 
protest of the Radom branch of NZS and 
Solidarity against the way the rector of Radom 
Polytechnic had been elected. This strike was 
joined by a most of the schools of higher 
education in the country. In spite of the 
efforts of Solidarity, the Church and the 
Council of Chancellors of the Polish Schools 
of Higher Education, this strike was continued 
after the strikers’ first demand was conceded. 
A few days before martial law was declared 
the strike broke down. In January 1982 NZS 
was dissolved by the authorities. 

The era of Solidarity — understood here not 
as a name of this particular organization with 
its achievements and follies but as synonymous 
with the greatest all-national movement in our 
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history — is over. Solidarity is for the time 
being defeated. But it should be underlined 
that to the same or an even larger extent the 
communists who ruled the country for more 
than 35 years have also been defeated. The 
political regime proved itself to be not only 
ineffective and acting against the will of the 
people, but irreparable and wholly dependent 
on external powers. In a sense only the 
Russians won the battle, by finding a way of 
solving the problem without needing to use 
their own troops. 

The battle is lost, the war is not. It is still the 
common belief that something very important 
happened which will influence our future, and 
perhaps not only ours. I have in mind not only 
economic and social changes but the changes 
of spirit of those who rule and those who are 
ruled — these changes are not as abstract as 
the word spirit suggests. 

Just after the declaration of martial law 
there was a wave of protests. This wave did 
not bypass scientific institutions. As yet we do 
not have a full account of what happened, but 
we know about the strikes of a few institutes 
of the academy in the Staszic Palace in the 
centre of Warsaw which were terminated by 
force; about a letter of protest signed by more 
than 300 scientists in the Institute of Chemical 
Physics; about the strike in the Institute of 
Nuclear Research in Swierk near Warsaw 
followed by arrests and trials of several 
scientists. 

The work of all schools of higher education 
was immediately suspended, but there was a 
protest of teachers and students in Wroclaw 
Technical University where several people 
including the vice-chancellor were badly 
beaten. We know about strikes in the Warsaw 
Agricultural Academy, the Mining Academy 
in Krakow, and the University of Lublin. The 
senate of the oldest Polish University, the 
Jagiellonian University in Krakow, sent a 
letter of protest with a demand for the release 
of the arrested people. 

The number of students and staff arrested is 
not known. In the University of Warsaw more 
than 40 people were either interned or 
arrested. An overall estimate based on this 
figure might be misleading because the 
University of Warsaw has been under the 
special care of the authorities for many years. 

Young people, those between 18 and 25, 
seem likely to be the main losers: they will lose 
if they decide to fight, because there is no 
chance of winning; they will lose if they decide 
to give up, because of the devastating effects 
of conformity. The generation gap between 
them and us, already felt during their strike, 
seems to be widening. The students prefer to 
follow the heroic pattern of the young 
generation duing World War H and do not 
want to give up the only experience they have 
gained by their own efforts, the experience of 
the past year, 

As yet almost nothing of importance has 
been changed in scientific institutions by 
martial law. True, in all universities, as well as 
in all schools and in most institutes, there are 
military commissars who are acting not 
directly but through the existing 
administration. 

But we are only at the beginning of the new 
road, It seems almost certain that many 
teachers at all levels will lose their jobs. In 
secondary schools and in all institutions of 
public administration the authorities have 





already demanded written declarations of 
loyalty, and those who refuse to sign are fired. 
A similar type of verification of staff and 
students is expected in the universities, and it 
will lead to the replacement of all elected 
bodies by nominees. Many scientists will 
probably lose the opportunity to continue their 
scientific work, as happened in 
Czechoslovakia. 

The outlook is not optimistic. We may 
expect the worst members of the scientific 
community to move to the front of the scene. 
It is a well established tradition to ignore such 
people; but in the present situation this should 
not be followed. Scientists who try to abolish 
what has been achieved should be named and 
ostracized by the scientific community all over 
the world. And those who suffer for the 
defence of scientific freedom should feel the 
moral, and perhaps also material, support of 
all their friends and colleagues, first of all here 
in Poland, but also abroad. If we fail to 
condemn the former and to provide effective 
support for the latter our defeat may become a 
catastrophe. 


Not the baron 


Sin — Sir Peter Medawar asks in a book 
review (Nature 28 January, p.351) “was it not 
Cuvier who named a fossil ichthyosaurus 
Homo diiuvii testis.. 7°’. It was not: the 
fossil (now on display in the Teyler Museum, 
Haarlem) was so called by J.J. Scheuchzer 
(1726)!. Scheuchzer also describes the fossil in 
a letter published in Philosophical 
Transactions of the Royai Society of London’. 
Baron Cuvier, visiting the Netherlands as a 
member of a commission sent by Napoleon, 
confirmed his own identification of the fossil 
as a giant salamander by carefully removing 
some of the matrix to reveal the forelimbs 
(illustrated in Cuvier, 1824)°. 

JULIE HAMILTON 
University of Oxford, UK 


1. Scheuchzer, J.J. Homo Diluvi Testis et theoskopos. 
{Tiguri 1726). 

2. Scheuchzer, J.J. Phi. Trans. R. Soc, 24, 38-39 (1726-27). 

3. Cuvier, G. Recherches sur les Ossemens Fossiles ist Edn, 
Vol. V. 431~434 and Plate XXVI (Paris, 1824). 


US spoken 


Sik ~~ The editor’s leftist leanings have been 
quite evident of late, but isn’t the sentence 
(Nature 14 January, p.86), ‘United States 
users of the telephone will most immediately 
discover that it costs them more to use the 
local telephone service as if it were unmetered 
water” (italics mine), not only lacking in 
lucidity but also bending a bit too far left 
when it employs ‘‘United States” as a general 
adjective? We are Americans, by God!, not 
“United Statesers’’ — and the adjective is 
American! | and others proud of America 
deplore your emasculation of our rightful 
name, especially when it is to indulge the 
arrogance of leftists in Nicaragua, Mexico, or 
wherever, who never refer to themselves as 
‘*Americans’’, but at the same time, with a 
malevolent dog-in-the-manger attitude, wish 
to deny us that distinctive title. 

Epwin E. ROSENBLUM 
New York, America 


What about the Canadians? Editor 
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For the past several weeks, there has been a curious lull in the 
storm about the future of the British universities. The belief that 
the British government could not seriously intend the beastliness 
it first advertised fifteen months ago has in most places been 
dispelled, and universities have dutifully set about making the 
self-inflicted wounds that their reduced budgets require. Most of 
them have been spurred on by the knowledge that they may not be 
able to share in the £220 million with which the University Grants 
Committee has been provided to compensate redundant 
academics unless their claims are staked about now. Temporarily 
at least, however, the lull has now been unexpectedly broken by 
no less a person than Sir Keith Joseph, Secretary of State for 
Education and Science, in a long letter to the London Times last 
week. Inevitably, his intervention will tempt some to hope that all 
is not yet lost. Is there a chance that, even at this late stage, the 
British government might be persuaded to change its mind? 

The circumstances which have provoked this public statement 
are significant. The minister had apparently been stung by the 
pointed criticism of Dr Robin Marris, professor of economics at 
Birkbeck College in London, whose complaints appear to have 
been all the more forceful because they acknowledged that there ts 
an economic need for the British government to contain economic 
expenditure. This is a point that the universities should have 
conceded, more generously, at the outset of their long wrangle 
with the government. That would have enabled them more 
strenously now to complain that, as things have turned out, the 
university system is likely to become less and not more efficient. 

The planned reduction of student numbers is likely to be 
proportionately less than the reduction of the teaching force, so 
that the ratios of students to teachers at many universities will be 
‘“improved’’. There is, however, a high chance that the teachers 
who will volunteer to leave their jobs in the next few months will 
include many of those whose departure can least be afforded. 
Similarly, as teaching departments shrink, teaching staffs will be 
less able to cover the ground expected of them, while buildings 
and other equipment will be less than fully used. One glimmer of 
hope in last week’s public statement is the promise that the 
University Grants Committee will be allowed some room for 
manoeuvre. Moreover, Sir Keith has now agreed that if academics 
nationally agree to salary increases which are less than four per 
cent, the money thus saved could be used for other purposes, and 
that the University Grants Committee will similarly behave 
leniently towards individual universities. So far, however, there is 
no sign that the government will allow a relaxation of the principle 
from which the most absurd diseconomies spring — its insistence 
that the numbers of students taught at British universities should 
now decline. 

The ceilings on the numbers of home students which have been 
set, nationally and for individual universities, are absurd for 
several reasons. They are diseconomies in the sense that they 
prevent the full utilization of a well developed university system. 
They are inequitable, and an arbitrary infringement of academic 
freedom and university autonomy, in that they limit the right of 


universities to decide for themselves what to teach, and to whom. 


The quotas are certain needlessly to deprive young men and 
women leaving British schools of a university education. So why 
should the government perversely persist with its support for 
student quotas (technically, it is true, devised by the University 


(028-0836 /82/ 70541 -01301 0 


hat universities should 


The die may not be finally cast on British university policy. The universities i 
should quickly propose a reform of the system of student maintenance grants. A Io 
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Grants Committee)? Sir Keith Joseph had two comments on this” 
issue last week. Letting universities decide for themselves their 
responses to shrunken budgets is unacceptable because. the 
universities depend on the public purse and because ‘planning?’ is 
necessary for universities as for the other sectors of higher 
education. Then, more to the point, student numbers entail.a 
hidden cost to the public purse because of the government’s 
commitment to reimburse local authorities required by legislation 
to pay maintenance grants to students following first degree 
courses anywhere in the system of higher education. For the past 
year, the government has been muttering that these arrangements 
provide the universities with a blank cheque on its resources. 
Student quotas conveniently give an upper limit to the annual bill. 

The government’s preoccupation with the supposed blank 
cheque is irrational. In 1979-80, local authorities in England and 
Wales spent £192 million on maintenance grants to university 
students, when the recurrent budget of the University Grants 
Committee (for the whole of the United Kingdom) was £801 
million. In that year, the average cost of maintenance grants was 
just over £1,000 a student — less than the maximum amount 
because individual awards are means-tested on the basis. of 
parental income. In the same year, local authorities- paid 
university fees of £137 million on behalf of their students, an 
amount that will be reduced from next September by the simple 
device of reducing by a half the notional cost of university fees for 
students from the United Kingdom (thus penalizing universities 
that have taken in extra students in the past two years). In happier 
times, the social value of this system was not seriously questioned. 
The system has, for example, partially ensured that students are 
not discouraged from going on to higher education because of the 
economic circumstances of their families. But the system is also 
wasteful. British students make only the smallest contributions 
towards the cost of their maintenance, and are tempted by the 
system to seek university places far from their homes, increasing 
the cost of student housing on university campuses. 

These circumstances offer the basis for a better deal between 
the government and the universities than that now being 
implemented. In impoverished Britain, the simple abolition of the 
system of maintenance grants would have the effect of putting 
university education beyond the reach of a large and important 
section of the school-leaving population. But why not substitute 
for the present system of mandatory awards a system of 
scholarships awarded on merit to some tens of thousands of 
potential students each year? One result would be that the 
government would know the extent of its commitment each year. 
Another is that, by a suitable choice of numbers, students would 
have an incentive to opt for the most economical education they 
could find. Finally, provided that university fees were not driven 
sky-high by government decree, universities would have an 
incentive to educate as many young people as their resources 
(determined by the University Grants Committee on the 
government’s behalf) would allow. The result of that would be 
far-reaching and important. For in such a system, universities 
would find they had an incentive towards diversity — not, as at 
present, a common ambition to ape the Oxbridge model. Given 
last week’s evidence, flimsy though it is, that Sir Keith Joseph’s 
mind is aot finally closed, the universities should seize the chance 
to advocate some such scheme. 





© 1982 Mactniflan Journals Lid 


| Ae: RP. RE., ae | 










342 


Doves in false garb 


T: he claim by the anti-nuclear movement of 


professional support is mostly a sham. 


Professional societies-have-new.lost most of the characteristics 
of the mediaeval guilds’ from whith mo sprang. A little like trades 





aoe naturally defensive of. thei interests of those who happen to belong 
to them. On many issues, they are often at odds with the 
communities in which they are embedded. So how, and in what 
circumstances, should professional organizations set out to 
influence events on a wider canvas than that with which they are 
professionally concerned? These are some of the questions 
provoked by last week’s meeting in London (see page 544) at 
which a number of informal groups set out to stimulate 
professional interest in the problems of nuclear disarmament. Itis 
important, not least for professional people themselves, that the 
questions should be answered clearly. 

In modern circumstances, professional societies have become 
anachronisms. The days have Jong since gone when they could 
automatically assume responsibility for deciding which 
individuals should be licensed to carry out professional tasks. 
Even in Britain, only the two halves of the legal professional 
retain an absolute right to determine entry into a profession; the 
professional registration of physicians has long since been the 
responsibility of the General Medical Council, while the 
analogous functions of the engineering institutions are about to 
be transferred to a more public central body (as recommended by 
Finniston two years ago). Other professional organizations, the 
Royal Institute of British Architects for example, have found it 
convenient to offer the public service of a means by which 
disappointed clients may settle claims against professional 
people, often as an antidote for some restrictive practice such as 
the enforcement of minimum fees. Others have chosen to 


shoulder the public burden of defining technical standards of 


performance, as the Institute of Electrical and Electronics 
Engineers does for much of the electronic equipment introduced 
in the United States and thus, by extension, internationally. 
However truncated their roles, however, most professional 
organizations remain valuable as learned societies and also rightly 
function as legitimate and beneficial pressure groups. Physicians’ 
organizations usually have something to say about public policy 
on smoking and fluoridation, for example. Science, it will be 
remarked, is for the most part too new to have been tarred with 
the mediaeval brush. 

But if the professional societies have been liberated from most 
of their statutory functions of deciding who is and is not entitled 
to practise as a professional, is it not all the easier for them to 
speak out on wider issues, military policy for example? This was 
the implicit assumption of last week’s conference in London. The 
simple answer is that the expectation is over-simple. Even as 
things are, professional organizations are needless!y indifferent 
to important public issues well within the spheres in which their 
professional competence would command respect. Physicians 
have been consistently indifferent to the quality of health care (in 
Britain) and its cost (in the United States). In the past thirty years, 
members of teachers’ organizations in many places have 
officiated at the rapid transformation of teaching practice 
without drawing attention to the serious social consequences that 
may accompany the intended benefits. Yet these are questions on 
which the opinions of quasi-professional organizations might be 
influential, even welcome. And, in their absence, opinions on 
wider issues, even if they could be arrived at without violence to 
the views of dissenting members, would cut no ice. 

This is why much of last week’s discussion was misplaced. The 
claim that the professions as such have a responsibility to alert the 
general public to the great issues that confront society, inflation 
and unemployment just as much as nuclear armaments, is 
unwarranted and impractical. But there is a sense in which pro- 
fessional people, acting individually, may be held to shoulder an 
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extra responsibility for giving wider currency to their conclusions 
about important issues on which they have some special 
knowledge. Professional people have in the past been too mealy- 
mouthed on many important questions. Even if the question is 
necessarily as contentious as a nation’s defence policy, they 
should not be afraid to say so. But professional people are mis- 
taken to suppose that the task can be done respectably under titles 
such as those paraded at last week’s conference. What other 
justification is there for the Medical Campaign against Nuclear 
Weapons except that physicians prefer hobnobbing with other 
physicians than with the hoi polloi? Or can they waywardly 
suppose that they may be able to capture something of the now- 
vanished mediaeval mystique by pretending that they are part of 
such an organization? The truth is that they are not, and that their 
attempts to invest their legitimate causes with spurious authority 
are a deceit, and a counter-productive one at that. If architects, 
physicians, teachers and scientists claim a special right to speak 
for their professions on nuclear weapons, they should take their 
courage in their hands and join Lords Brockway and Noel Baker 
on the hustings. 


Up and over the top 


The United States seems not to appreciate the 


damage that will be done by last week’s budget. 


When the United States began in the 1960s to pay for the 
Vietnam war by printing dollar bills, several years went by before 
people elsewhere fully appreciated what was happening. The 
result was that inflation had firmly taken hold throughout the 
industrialized world before governments (including that of the 
United States) began to take remedial action — by which time the 
oil-producing states had devised their own way of penalizing fiscal 
self-indulgence. Now the shoe is on the other foot. Thanks to the 
tight coupling between the major industrial markets ironically 
engendered by institutions such as the Eurodollar market created 
during the last bout of inflation exported from the United States, 
economies other than the American are now, if possible, almost 
hypersensitive to what Washington is planning. That is the simple 
reason why administrations elsewhere are busily planning for the 
inevitable rise of interest rates in the coming year; their financial 
markets are discounting the consequences as quickly as their 
courage will allow. 

Even those who sympathize with the Administration’s present 
objectives are dismayed by what is happening. In round numbers, 
President Ronald Reagan has asked Congress for authority to 
spend something like $100,000 million more than his Adminis- 
tration will collect in taxes. While some of his more contentious 
demands may be moderated in the long months that lie ahead, he 
must know as well as the rest of the world that Congress will also 
declare itself strongly against some of the sharp curtailments of 
welfare expenditure now planned. So it is natural that people 
should already be anticipating with varying degrees of gloom the 
prospect of a United States deficit greater than the total revenue 
of any other government in the West. 

But why should this matter? And how can the scientific enter- 
prise be affected? Why should not honest researchers persist in 
the pursuit of understanding, confident that in the end some pro- 
ductive use will have been made of their findings? The snag is that 
it will not and cannot be so easy. The Administration must soon 
settle for some blend of the only two ways of dealing with the crisis 
it has wished upon itself — it can use higher interest rates to 
persuade citizens of the United States to lend their earnings to the 
Treasury rather than to spend them, in which case there will be a 
slump. Or it can print dollar bills to make up the difference 
between what it spends and what it collects, in which case there 
will certainly be high interest rates, but the slump may be avoided 
at the expense of established institutions — universities, foun- 
dations and the like. Mr Paul Volker at the Federal Reserve Board 
would prefer the first course. Most politicians would prefer the 
second. Other people, other institutions and the research 
enterprise as a whole will suffer either way. 
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Cancer Institute \ 


Straus denies 
fresh charges 
| O. : ir | pr opriety 


Washington 

‘The running battle between the US 
National Cancer Institute (NCI) and 
research scientist Dr Mark Straus of the 
New York Medical College (NYMC) in 
Valhalla, New York State, entered a new 
round last week when the institute 
announced it was suspending part of Dr 
Straus’s current grant because of failure to 
comply with federal rules on the use of 
human subjects in research. 

Dr Vincent DeVita, the director of NCI, 
has also: informed the medical college that 
the final part of the three-year, $910,000 
grant is being withheld from the beginning 
of March on the basis of a site-visit team’s 
report that there has been ‘‘minimal pro- 
gress’’ in the research into the application 
of cell kinetics to chemotherapy. 

Dr Straus has angrily denied both the 
charges. On the first, he argues that his 
work with human cancer patients has 
involved only conventional radiotherapy 
and chemotherapy, and is therefore not 
covered by federal research rules. On the 
second, he argues that the conclusions of 
the visiting team are at variance with 
reports prepared by three previous visiting 
teams which each claimed that progress in 
the research was satisfactory. 

Four years ago, Dr Straus was relieved of 
his position as chief of the oncology depart- 
ment at Boston University after the 
discovery that patients’ records had been 
falsified in part of a broad survey of cancer 
treatment, supported by NCI, for which he 
had been the principal investigator. 

Dr Straus, who has denied allegations 
that he was responsible for the forged data, 
has since moved to NYMC where he is pro- 
fessor of medicine and chief of the depart- 
ment of oncology. In 1979 he was awarded 
a three-year grant, beginning in March 
1980, to continue his research into cell 

kinetics following what Dr DeVita has 
described as a ‘‘very good” score by scien- 
tific reviewers of his grant application. 

Disagreements between Dr Straus and 
NCI emerged last summer, when NCI was 
accused by members of the Senate’s Labor 
and Human Resources Committee of 
failing to take stricter action against him in 
the light of the Boston allegations. Several 
senators were especially critical of the fact 
that Dr Straus had been awarded a new 
NCI grant even though his previous 
activities were under investigation. 

-Dr DeVita defended the grant on the 
basis of the high marks it had received from 
reviewers but said that support for the 
clinical trials proposed in the application 
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had not been provided. After the Senate 
hearing, at which he receivec some harsh 
criticism from the committee’s chairman, 
Senator Orrin Hatch of Utah, Dr DeVita 
received a strong public vote of confidence 
from the cancer research community. 

The new disagreement between NCI and 
Dr Straus seems to focus on his treatment 
of cancer patients with a combination of 
radiation and the drug 5-fluorouracil 
(S-FU), which was approved by the Food 
and Drug Agency as an anti-cancer agent 
several years ago and is wicely used by 
physicians and clinical oncologists. 

NCI contends that even though it was 
not part of the NCI grant, Dr Straus’s use 
of such treatment was experimental, and 
that a research protocol should therefore 
have been submitted to the medical 
college’s institutional review board under 


ithholds grant 


new federal regulations. 

Since this was not done, Dr DeVita said 
in a letter last month to NYMC president 
Dr John Connolly, the result has been a 
*‘material failure to comply with the terms 
of the grant’’. The clinical portion of the 
grant has therefore been suspended ‘‘until 
the matter is resolved to NCI’s satisfaction 
or until the grant is terminated’, as 
required by federal regulations. 

Asked to explain how funding for the 
‘clinical portions” of the grant could. be 
suspended if Dr DeVita had previously 
assured the Senate committee that no 
clinical work was covered by the grant,. 
NIH officials admitted last week that this 
had caused some unfortunate confusion. 
“The statement made last summer should 
have said that the approved grant did not: 
involve therapeutic research, rather than 


Amersham International floats 


Amersham International, the supplier of 
radioactive chemicals being sold off this 
week by the British government, seems 
likely to cause a minor sensation on the 
London Stock Exchange. On Monday this 
week, the financial community was 
persuaded that the 50 million shares could 
have been successfully offerec for sale ata 
higher price than £1.42 each, thus 
recouping a larger sum for British 
taxpayers and providing the company with 
a larger stock of working capital than the 
£5 million it now expects. As things are, the 
offer for sale was expected to be heavily 
oversubscribed. 

The sale of Amersham has been on the 
cards for the past two years, and is broadly 
welcomed by the management of the 
company. Arrangements have been made 
to give each employee £50 worth of shares, 
and there are also arrangements whereby 
employees may buy further shares, now 
and in the future, which will be held in trust 
for them. 

The argument that Amersham is being 
sold too cheaply derives from the 
company’s rapid growth in recent years 
and from the relatively high profit (£8.0 
million) before tax forecast for the current 
year. But some in the financial community 
point out that the offer price is 18.9 times 
the expected profit after tax, a largeish 
ratio for conventional businesses but by no 
means as great as the price of shares in 
other high-technology companies, 
electronics for example. 

In such circumstances, shares are 
preferably sold by tender, with the highest 
bidders being given preference. On this 
occasion, however, the merchant banks 
handling the sale of shares appear to have 
persuaded the British Treasury that a sale 
by tender would have been too complicated 
for many would-be investors. 

The Treasury seems also to have devised 


an ingenious device for assuring the future 
independence of the company. The 
government will retain a single ‘‘special 
rights preference share’’ that willallow it to 
prevent either a substantial disposal of the 
assets of the company or a significant 
change in the pattern of share ownership 
that might compromise independence... 

That Amersham is attractive toinvestors 
at this point in its history is easily 
understood. The company’s new plant at. 
Cardiff has come into production within 
the past year, while the weakening of 
sterling in relation to the dollar within the 
past year has necessarily increased the 
profits of the company, which earns 80 per 
cent of its revenue outside. the United 
Kingdom. (The prospectus estimates thata 
five per cent change in the value of sterling 
implies a ten per cent change in profit.) 

Amersham’s interest in genetic 
manipulation through its sale of labelled 
nucleotides and other materials used in 
genetic manipulation, at least at the 
research bench, seems not to have been 
widely appreciated by the financial press, 
which may moderate the embarrassment 
caused to the company’s merchant banks 
by an even more heavily oversubscribed 
offer than that now in prospect. 

The prospectus for the public sale of 
shares explains that Amersham Inter- 
national owes its existence to a business 
established in 1940 to refine radium used in 
the manufacture of self-luminous 
components for navigational aids. The 
company employs just over 2,000 people, 
three-quarters of them in the United 
Kingdom and most of the remainder in 
North America and West Germany. In 
recent years, Amersham has been spending 
seven per cent of its revenue on research 
and development. The City of London is 
impressed; others wonder whether it is 
enough. 


© {982 Macmillan Journals Lid 


544 


clinical, research”, an NIH spokesman 
said, adding that biopsy analysis had been 
included. 

Describing the NCI charges as 
‘“‘outrageous’’, a research colleague of Dr 
Straus, Dr Jeffrey Ambinder, insisted last 
week that only conventional treatment had 
been used. He read a statement from Dr 
Straus, who was not available .for 
comment, comparing NCI’s claims to a 
situation in which, if a cancer patient is 
given an aspirin and then finds the cancer 
has gone away, ‘‘then it should have been 
submitted to a review board”’. 

NYMC has already set up a sub- 
committee of its Institutional Review 
Board to investigate whether the treatment 
should have been submitted for its 
approval. Although the subcommittee was 
established before the site visit by the NCI 
team, it will now have to decide whether to 
concur with the visiting team’s conclusion 
that the treatment should have been classi- 
fied as experimental, or to accept Dr 
Straus’s argument that prior approval was 
not required. 

NCI itself has referred the matter to its 
Office of Protection from Research Risks 
to see if any further action should be taken. 
The institute’s verdict on the progress of Dr 
Straus’s research is also likely to generate 
controversy, since the decision to withhold 
the third year of the grant — amounting to 
about $300,000 — can be taken to appeal 
by Dr Straus and/or the medical college. 

Explaining his actions in the letter to Dr 
Connolly, Dr DeVita says the decision to 
withhold the grant followed the visiting 
team’s conclusion that ‘‘minimal progress 
had been made on both the pre-clinical and 
the clinical cytogenetic studies’’. 

Dr Straus, described by Dr Ambinder as 
a “‘brilliant scientist’? whose ‘‘ethics are 
beyond reproach’’, says in his statement 
that the criticism is incorrect, and that his 
group had not been supported to carry out 
the studies which the visiting team says 
should have been done. Dr Ambinder also 
defended the research group’s use of 
tritiated thymine, to study the kinetics of 
cancer cells, which he says had been 
approved of by the three previous visiting 
teams but criticized by the last team which 
visited in November. 

Dr Straus is already suing five of his 
former research colleagues at Boston 
University for $33 million, denying the alle- 
gations that he had been responsible for the 
falsified data in the earlier study. Last week 
he and his lawyer, Andrew Good, were 
taking depositions from witnesses to 
establish the basis for his charges of con- 
splracy. 

A full report on the Boston incident is 
expected to be completed shortly by the 
Department of Health and Human 
Services. Meanwhile, staff members of the 
Senate Health Committee, which was 
strongly criticized for its treatment of Dr 
DeVita last summer, said last week that the 
committee had no further action planned, 
but was watchingevents. David Dickson 
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Polish students 


Workers help 


Help is urgently needed for Polish 
students penalized under the martia! law 
regulations, according to a clandestine 
Solidarity bulletin from the Krakow 
region. The dissolution last month of the 
Independent Students’ Association (NZS) 
has left the students without any organ- 
ization to defend them, just when the new 
rules of conduct for the universities make 
such protection more necessary than ever. 
Several former NZS activists have already 
received prison sentences for allegedly 
organizing resistance to the military take- 
over; scores or hundreds more are in intern- 
ment camps. Those who sign the necessary 
oath of loyalty and return to their studies 
face penalties ranging from compulsory 
‘socially useful work” to expulsion and 
military service even for such minor in- 
fractions as cutting lectures or being on 
campus after hours. 

The bulletin notes that the staff of the 
University of Warsaw have already organ- 
ized a system of financial and legal aid for 
students, and are also trying to provide 
accommodation for those students who 
have been expelled from their hostels. A 
similar initiative seems to be under way in 
Poznan. There, on the declaration of 
martial law, the deans and deputy deans of 
the various faculties apparently resigned as 
a body, but had returned to their posts last 
week, apparently for the sake of the 
students, in advance of the riots at the end 
of the week. 

The Krakow bulletin marks an impor- 
tant new development in the Polish 
democratic movement. Before 1976, there 
were protests by workers and by intellec- 
tuals (including students) but for different 
causes and on different occasions. After 
the food-price demonstrations of June 
1976, however, intellectuals and students 
organized legal and material aid to those 
affected by the wave of police repressions, 
and were themselves frequently heavily 
penalized for doing so. This is the first 
time, however, that a workers’ 
organization has spoken out in defence of 
intellectuals and students. 

The bulletin, which describes the 
victimized students as ‘‘our best young 
people”, coincides with a major propa- 
ganda offensive designed to break the ties 
between workers and intellectuals which 
developed after 1976 and which are con- 
solidated by Solidarity. At the end of 
January, Michal Hebda, the rector of 
Radom Engineering College, whose 
‘undemocratic? appointment triggered 
the nationwide student strikes last autumn, 
said on Warsaw radio that the combination 
of student and worker protests showed that 
it must have been organized from abroad. 
Many intellectuals in internment have been 
creamed off from the general camps and 
transferred to somewhat more comfortable 
accommodation. 
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Most surprising of all is the remark attri- 
buted to deputy prime minister Mieczyslaw 
Rakowski, editor in chief of the weekly 
Polityka, which is due to resume 
publication shortly. He is reported to have 
told a staff briefing conference that in his 
opinion the intellectuals in Solidarity were 
directly responsible for the imposition of 
martial law. What finally tipped the 
balance, he claimed, was the declaration by 
the Conference of University Rectors that 
its members should have the right to vote 
for the Minister of Science, Higher 
Education and Technology. Vera Rich 


British anti-nuclear campaign 


Pros not all con 


The two British veterans of 
disarmament, Lords Brockway and Noel- 
Baker, gave their blessing last weekend toa 
campaign to mobilize British professional 
opinion against nuclear arms. But the 
conference at Imperial College, Londonon 
12 February, planned by the World 
Disarmament Campaign, demonstrated 
that only the anti-nuclear profession is sure 
of where it stands. 

The theme of the conference was that 
professional people and even professional 
organizations have a responsibility to 
inform the general population of the 
present danger from the accumulation of 
nuclear weapons, calculated by Dr Frank 
Barnaby, until recently director of the 
Stockholm International Peace Research 
Institute, as the equivalent of 3 tonnes of 
TNT per head of the world’s population. 

British professional organizations were 
not formally represented at the conference, 
although Mr Jack Chambers, president of 
the National Union of Teachers, claimed 
the backing of an organization with 
250,000 members for his demand for a 
place in the school curriculum for the 
“teaching of peace”. In passing, he 
protested at the complaints from 
newspapers that teachers were guilty of 
“political indoctrination” by telling their 
students of their ‘‘profound distaste for the 
present levels of armaments’’ and of the 
British government’s ‘‘scandalous support 
for the United States government on El 
Salvador’’. 

Dr John Dawson, head of the division 
responsible for professional questions at 
tne British Medical Association, gave a 
more temperate account of the 
association’s study of the effects of a 
nuclear attack on Britain, which should be 
complete in about a year. He explained that 
the association’s objective was to enable 
members of the medical profession to 
make up their own minds. He provoked 
cries of ‘‘Shame!’’ from some among the 
audience by saying that the British Medical 
Association had ‘‘no policy’’ on nuclear 
weapons, and the ridicule of a psychiatrist 
from the north of England who asked what 
purpose could be served by a solemn study 
of the effects of nuclear weapons on the 
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British water supply if thë recent cold 
weather had caused water to be rationed in 
some places. . 

The association’s study has in part been 
occasioned by a resolution passed at last 
year’s annual representative conference. 
That circumstance is counted as a success 
for the Medical Campaign against Nuclear 
Weapons, which now claims 1,400 
members, perhaps 2 per cent of registered 
physicians in Britain. Other professional 
inti-nuclear groups may follow this 
example. 

Architects for Peace has similarly taken 
the initiative by asking the professional 
organization whether architects can 
ethically help with building missile sites or 
underground bunkers, while both the 
physicians and the Nursing Campaign 
against Nuclear Weapons intend to make 
fun of the plans worked out by central and 
local government for dealing with the 





consequences of a nuclear attack. 


Mr Michael Walsh, chairman of the 
nurses’ organization, produced a scathing 
criticism’of the official British policy that 
medical personnel should be dispersed to 
rural areas if there should be advance 





"IT WAS 
DESIGNED 


warning of a nuclear attack, and that the 
urban population should rely on ‘“‘self- 
help”. One participant at the conference 
contributed the intelligence that a local 
authority plan for dealing with the 
aftermath of a nuclear attack on the north 
of England has prudently qualified the 
advice that the dean of the local medical 
school should be consulted with the phrase 
‘for his representative”. 

The surprise of the conference was the 
declaration by General Michael Harbottle, 
now secretary-general of the World 
Disarmament Campaign, that there are 
now almost enough ex-military men like 
himself to form an organization called 
“Generals for Peace’’. More predictable 
was the steady undertone of criticism of the 
British and American governments, 
accused by Ms Norma Turner 
(‘Journalists against Nuclear 
Extermination”) of assailing the media 
with “anti-Soviet pro-nuclear 
propaganda”’. Several speakers considered 
that the meeting early in June of the NATO 
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council that President Ronald Reagan will 
attend had been arranged to distract 
attention from the Second Special 
Assembly of the United Nations on 
disarmament, while General Harbottle 
thought it possible that Queen Elizabeth 
Hs political independence had been 


compromised by her invitation to the- 


president to dine at Windsor Castle on 10 
June. 

The conference was attended by 430 
people, more than a third of them from the 
medical professions. About ten per cent 
of the participants were scientists, among 
whom Dr Tom Kibble, professor of physics 
at Imperial College and vice-chairman of 
“Scientists against Nuclear Arms”’, raised 
the provoking (and unanswered) question 
of how and when to raise with students, 
“very often the military technicians of 
tomorrow”, the propriety of taking jobs in 
military research. 


Rights on DNA 


Brussels 

A move to widen the scope cf the 
European Human Rights Convention 
to include the dangers of genetic 
engineering provides further evidence 
of the unease which recombinant 
DNA work still arouses in Europe. A 
report adopted by the assembly of the 
Council of Europe in Strasbourg on 
26 January included eight recom- 
mendations on the legal, ethical and 
social issues raised by the prospect of 
interference with human genetic 
inheritance. The rapporteurs, Lennart 
Petterson (Social Democrat, Sweden) 
and Bjorn Elmquist (Liberal, 
Denmark), based their recom- 
mendations on the findings of a public 
parliamentary hearing last May. 

The right to a genetic inheritance 
free from any form of engineering 
should be included in the European 
Human Rights Convention, say the 
Strasbourg legislators. Exceptions 
include the treatment of genes to 
eliminate genetically transmitted 
diseases but this must only be done 
with the consent of those concerned 
or, for children or a fetus, the consent 
of the parents. 

The recommendations also stress 
the need to monitor the harmon- 
ization of safety regulations applied to 
recombinant DNA research in 
Europe, and suggest that this should 
be done by the European Science 
Foundation. EEC’s draft legislation 
on the registration of DNA research 
should also be examined to see 
whether it should be applied 
throughout Europe. Finally, the 
Council of Europe proposes to study 
how microorganisms which have been 
modified by recombinant DNA 
techniques can be patented. 

Jasper Becker 
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Chemical warfare . 
Protest plans 
Washington 


Twenty-five religious, environmental and 
arms control groups have formed a 
coalition to lobby against the Reagan 
Administration’s plans to resume the pro- 
duction of chemical weapons after a 
13-year moratorium. 

The coalition, being organized by the 
Washington-based Council for a Livable 
World, was announced last week, just after 
President Reagan had removed the last 
remaining legal barrier to resumed pro- 
duction by declaring that the production of 
nerve gas weapons was ‘‘essential’’ to the 
national security of the United States. 

This in turn coincided with a request 
from the Reagan Administration for a 
budget of $705 million for chemical war- 
fare activities conducted by the Depart- 
ment of Defense for the 1983 fiscal year, 
which begins on 1 October. $77 million is 
also being added to the budget for the 
current year, which will now total $532 
million — and compares with the $111 
million being spent only four years ago. 

Included in the 1983 request, most of 
which will be spent on improving defensive 
equipment and apparatus, is $30 million 
which will be used to produce “‘binary 
weapons” at the Pine Bluff Arsenal in 
Arkansas. Congress has already agreed to 
spend $20 million to build the production 
facilities, which are now expected to be 
completed by mid-1983. 

According to Defense Secretary Caspar 
Weinberger, two types of chemical 
weapons will be produced: 155 mm artillery 
shells and Big-Eye bombs. Both will be 
based on the binary concept, in which two 
non-lethal chemicals are stored separately. 

President Reagan’s announcement had 
been widely expected, following pressure 
from the US military to replace the existing 
stockpile of chemical weapons, and wide- 
spread claims about Soviet superiority in 
chemical weapons as well as the alleged use 
of “yellow rain” in South-East Asia. 
(Nature 293, 327; 1981). 

Two years ago, the Pentagon’s Defense 
Science Board, chaired by Dr John Deutch 
of the Massachusetts Institute of 
Technology, recommended a start on the 
production of binary weapons and that the 
Department of Defense should prepare for 
a major increase in its chemical warfare 
programmes. The department is said to be 
planning to spend about $1,400 million in 
1984, and even more later. 

Supporters of the chemical weapons pro- 
gramme argue that it is necessary to per- 
suade the Soviet Union to speed up the 
chemical disarmament treaty, which the 
United States and the Soviet Union have 
been discussing in Geneva since 1975. 

in a letter to the leader of the House of 
Representatives, Mr Tip O’ Neill, President 
Reagan argued that the resumption of 
production, which had been banned by 
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President Nixon in 1969, would “provide 
strong leverage towards negotiating a veri- 
fiable agreement banning chemical 
weapons.” He added: ‘‘Considering the 
current world situation, particularly the 
absence of a verifiable ban. . . the United 
States must also deter chemical warfare by 
denying a significant military advantage to 
any possible initiator.” 

Opposition to the Administration’s 
plans is expected to focus on two main lines 
of argument. The first is the technical dis- 
cussion about whether an increased 
chemical capability would, in fact, act as a 
deterrent to the Soviet Union, or whether 
— given some of the inherent limitations of 
binary weapons — it would make more 
sense to modernize existing stockpiles by 
more conventional means. 

The second argument focuses on the 
opposition which is already developing in 
Western Europe, where the chemical weap- 
ons would have to be stored if, as expected, 
their main use was to be in a European 
theatre of war. According to critics of the 
Administration from both the left and the 
right, this opposition could lead to a desta- 
bilizing of the Atlantic Alliance which 
would, in itself, be an additional threat to 
national security, 

Last year, the Administration’s plans to 
build the production facility were 
approved by the Senate only by two votes in 
contrast in the House of Representatives 
there was a strong majority in favour of the 
new facility. This year the critics hope that 
the combination of a stringent budget 
outlook and forthcoming congressional 
elections will give them the votes needed to 
defeat the proposal to resume production; 
but with both the Defense Department and 
the White House apparently determined to 
push the proposal through, those trying to 
head it off recognize that they face a tough 
uphill task. David Dickson 


Deep-sea mining 


Fairer shares 


Brussels 

A recent European Commission policy 
paper is urging that, when the world’s 
developed and developing countries meet 
again in March at the International Con- 
ference on the Law of the Sea, to renew 
their fight over the mineral spoils of the 
deep seabeds, the EEC’s member states 
should vote together in favour of a better 
deal for the mining consortia. 

Europe, the Commission points out, is 
almost totally dependent on outside sup- 
plies of the minerals in question. Nearly all 
of Europe’s cobalt, copper, manganese 
and nickel requirements are mined in the 
developing world, mostly in countries 
marked by political instability and a poor 
investment record. 

Added to this are the national interests 
of the six consortia at present in the queue 
for mining licences. France is represented 
by the Association d’Etude et de Recherche 





des Nodules Polymetalliques 
(AFERNOD), which includes CNEXO 
(National Centre for the Exploration of the 
Oceans), the Le Nickel company and the 
atomic energy commissariat. Britain is rep- 
resented by the Kennecott Copper Cor- 
poration, which is controlled by British 
Petroleum. Italy’s ENI and Belgium’s 
Union Miniére Belge have interests in 
Ocean Mining Associates. Three German 
companies are partners in Ocean Manage- 
ment Incorporated and Holland’s Bos Kalis is 
a member of the Ocean Mineral Company. 

Although they have obvious interests in 
common, the member states have largely 
acted independently of one another. 
However, both the European Commission 
and the European Parliament would like 
the conference to decide on a joint EEC 
policy on raw materials. For the forth- 
coming round of negotiations the Com- 
mission recommends that the Ten should 
concentrate on ensuring that the mining 
consortia are not burdened to the point of 
non-profitability by restrictions and levies. 

Mining permission by the proposed 
authority should be given impartially and 
there should, the Commission considers, 
be a way of appealing against decisions. 
However, the Commission rejects the idea 
that the authority should be funded by 
taxes levied in the mining consortia, point- 
ing out that the financial risks of investing 
an estimated $1,000 or 1,500 million to 
mine a site of 3 million tonnes are well 
above those required to extract the same 
amount of metal in a developing country. 
To counterbalance this, the Commission 
wants the law to guarantee that production 
levels as well as access to the markets can be 
maintained for the duration of a licence. 

The developing countries see the 
problem as ensuring that their own mineral 
resources are not cut out of the market by 
competition from seabed mining. In 
addition, they are pressing for a transfer of 
technology and joint ventures, and hencea 
share of mining profits. The Commission is 
doubtful about how this would work out in 
practice and wants developing countries to 
share more of the risks involved. 

Sources at the Commission suggest that 
since the conference ended last March little 
has happened to alter the negotiating 
positions of the opposing camps of 
developed and developing countries which 
are likely to remain at loggerheads this 
coming March. Jasper Becker 








Small growth 


The address of 
the Treasurer of the 
Association for 
Research into 
Restricted Growth 
was given incor- 
rectly in Nature 
li February. The 
following is the 
correct address: Pam Worsfold, 8 
Cotswold Avenue, Rayleigh, Essex. 
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German academics 


Tenure vanishes 
Hannover 

Since its inception 10 years ago, the 
policy of Berufsverbot, the exclusion of 
“political activists” from employment in 
West Germany’s civil service, has meant 
not so much the dismissal of persons 
considered ‘‘extremist’’ but rather the 
blocking of their entry into public 
employment. In academic circles, 
therefore, the principal victims were young 
graduates who had formerly been members 
of (quite legal) left-wing student societies, 
and found themselves barred from an 
academic career. 

But the recent “Campaign against 
Berufsverbot” conference in Hannover 
met under the shadow of a new 
threat, which has arisen as a result of the 
case of post office official Hans Peter, 
sacked for his political views after 30 years 
of service. After a vociferous campaign 
Peter’s appeal was finally dismissed by the 
federal court last October. | 

The significance of the Peter case is that 
this is the first time a tenured official 
(Beamte) has been dismissed for his 
political views. West German employment 
policy recognizes three categories of 
employed person: ‘‘worker’’, ‘‘employee”’ 
and ‘‘Beamte’’. In return for job tenure for 
lfe, Beamte employees are expected to 
swear an Oath to uphold the constitution. 
Anti-Berufsverbot campaigners explain 
taat those barred from state employment 
for being activists are fully prepared to 
uphold the constitution (which guarantees 
freedom of conscience and opinion). What 
they are not always willing to dois to equate 
their loyalty to the constitution with un- 
qualified support of specific government 
policies. 

During the past 10 years, the spectrum of 
victims of Berufsverbot (the campaign lists 
some 5,000 cases of exclusion throughout 
the Federal Republic) has gradually 
widened from communists to socialists, to 
liberals, to the peace movement and — 
most recently — to the ecology lobby. 

The immediate threat of Berufsverbot 
policy tó academics is indirect. Although 
the Peter case threatens any tenured 
position, during the past few years a tacit 
agreement has grown up in the universities 
that a scholar at risk would formally hold a 
non-tenured post, but would in other 
respects be treated as if fully tenured. 
However, recent cut-backs in university 
funding in West Germany have meant the 
abolition of a large number of non-tenured 
posts, Academics who have been at risk of 
Berufsverbot are thus being eliminated 
from the universities without the direct 
intervention of political considerations. 
With the scope of the screening process 
apparently becoming ever wider, and 
unemployment figures soaring, their 
prospect of finding other jobs seems bleak. 


Vera Rich 
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Scientific exchanges 


DoD retreat 


Washington 

Following a series of protests from the 
academic community, the US State 
Department has backed away from its 
previous insistence that rigid restrictions be 
placed on the topics that a Soviet computer 
scientist will be allowed to discuss with 
American scientists during his visit to 
various research universities later this year. 

Last month Stanford University told the 
State Department that it was not prepared 
to accept limitations on a visit to its 
department of mechanical engineering by 
Dr Nickolay V. Umnov, a robotics 
specialist. In particular, the university 
objected to the requirement that Dr 
Umnov should only be shown research 
results that have already appeared in the 
open literature, only discuss theoretical 
aspects of the research and not be shown 
details of robot control units or 
programming techniques. 

Stanford’s dean of research, Dr Gerald 
Liebermann, said the university was not 
prepared to police Dr Umnov’s visit, either 
on or off the campus. He also expressed 
surprise that the State Department’s 
restrictions had been forwarded without 
comment by the National Academy of 
Sciences (NAS), which is arranging Dr 
Umnov’s visit as part of its conventional 
scientific exchange programme. 

NAS president Dr Frank Press 
subsequently announced that the academy 
was suspending the automatic transmission 
of such instructions until the matter had 
been discussed in detail with the State 
Department. And last week, Stanford 
announced that the department had 
“‘clarified’’ its instructions, producing a 
revised form of the restrictions which the 
university would now be able to accept. 

In particular, Dr Umnov would be able 
to discuss any research that either has been 
or is about to be published in scientific 
papers, and also be given access to details 
about the control units and programming 
techniques. In addition, Stanford would 
no longer be responsible for ensuring that 
he did not visit local industrial research 
facilities, another restriction included in 
the earlier letter. 

After the State Department’s 
clarification, the University of Wisconsin, 
which had previously withdrawn an 
invitation to Dr Umnov in the wake of 
Stanford's protest, also announced that it 
found the new conditions acceptable and 
Dr Umnov could now visit the university. 

The softening of the State Department’s 
line follows intense discussions involving 
both Stanford and the National Academy 
of Sciences. It also reflects a split within the 
Administration on the advantages to be 
gained from the strict control of university- 
based research, given the disruption of the 
free flow of scientific information that 
would result. 


0028-0836/82/070547-01$01 .00 


Critics in both Congress and the 
Administration have identified scientific 
exchange programmes as vehicles by which 
the Soviet Union is able to gain access to 
technical data which it is then able to use to 
bolster its own military efforts. In 
response, universities such as Stanford 
argue that this is a small price to pay for the 
advantages of open communication in the 
scientific community. 

Dr Jay Keyworth, President Reagan’s 
science adviser, said in an interview last 
week that he thought the tightening up of 
the restrictions applied to visiting Soviet 
scientists was more a reflection of the 
efforts by President Reagan to make access 
for the Soviet Union to US technology 
more difficult after recent events in Poland 
than a specific attempt to restrict the export 
of technical data on robotics. 

Although Stanford has now said that it is 
prepared to accept Dr Umnov’s visit under 
the revised restrictions from the State 


Department, the department itself has yet 
to give formal approval to the visit. The 
university has described the National 
Academy as acting as an “‘honest broker’’ 
between itself and the department. 

The academy’s position will be discussed 
at a meeting of its governing board and of 
the National Research Council which takes 
place in Washington next week. Academy 
officials are still hoping to set up a 
committee to examine the tensions between 
national security and academic freedom in 
greater depth. Meanwhile, Stanford 
president Dr Donald Kennedy, one of the 
public leaders of the academic 
community’s campaign against excessive 
government restrictions on research, has 
agreed to act as chairman with Dr Richard 
DeLauer, Under-Secretary of Defense for 
research and development, of a committee 
being established by the Association of 
American Universities, to address the same 
topic. David Dickson 





Lister Institute 


End of the road 


At the end of May, the Lister Institute of 
Preventive Medicine will announce the 
results of applications for five newly 
created research fellowships thus marking 
the fundamental change in its status that 
has now been accomplished. Inflation and 
escalating costs over the past ten years have 
defeated the institute’s struggle to support 
a research programme with its investments 
and production facilities. The laboratories 
at Elstree and Chelsea have been sold and 
the interest from the institute’s capital of £6 
million will now be used for the 
fellowships. 

The Lister Institute was the first major 
medical research body in Britain, pre- 
dating the Medical Research Council by 30 
years, and in its early days ranked with 
institutes such as the Pasteur and the 
Rockefeller. When established in 1891, the 
institute had a dual function — the pro- 
duction of vaccines and antitoxins and 
medical research. In spite of passionate 
opposition from anti-vivisectionists, the 
institute enlisted the sympathy of the first 
Lord Iveagh, who after his stableman was 
bitten by a rabid dog and was sent to 
Pasteur in Paris because no treatment 
could be procured in England, gave it 
£250,000. (The stableman lived to the ripe 
old age of 89.) In its early decades, the 
Lister Institute flourished as a private 
research organization with endowments 
and income from the sale of biomedical 
products. 

By 1952, the institute encompassed 
twelve departments. Research was con- 
centrated at the Chelsea laboratory, which 
closed in 1975 and is now being developed 
as a hospital. The sale of biomedical pro- 
ducts contributed greatly to the income of 
the institute but Elstree laboratories, the 
production centre, was finally sold in 1978. 


From 1896, when the first diphtheria anti- 
toxin used in Britain was prepared, Elstree 
manufactured vaccines against tetanus, 
whooping cough, typhoid, plague and 
cholera and was the main British supplier 
of smallpox vaccine. Elstree also developed 
the dried smallpox vaccine widely used in 
the WHO smallpox eradication 
programme. 

The fate of the institute reflects the 
difficulties of a privately funded research 
Organization in times of inflation. The 





institute repeatedly failed to obtain govern- 
ment support, but its Blood Products 
Laboratory and Blood Group Reference 
Laboratory have been handed over to the 
North West Thames Regional Health 
Authority. 

The institute has now been reduced to a 
small governing body under the chairman- 
ship of Professor Albert Neuberger, a 
small secretariat and a Scientific Advisory 
Committee chaired by Professor Geoffrey 
Dawes, director of the Nuffield Institute 
for Medical Research at Oxford. The 
fellowships now to be offered are aimed at 
promising young scientists who, in the 
present economic climate, may find it diffi- 
cult to obtain financial backing for their 
research. The institute is encouraged by the 


response to its first advertisement — ‘“‘It 
takes only one to make a breakthrough, 
afterall’’. Jane Wynn 
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CORRESPONDENCE 


Aircraft evolution 


Sir — Hoyle (Nature, 12 November 1981, 
p.105) was echoed by Wickramasinghe, as 
reported in newspapers on 17 December 1981 
during the Arkansas trial, and is quoted by 
Sluyser (Nature 21 January, p.184), as saying 
that ‘‘for higher life forms to have evolved by 
chance is comparable with the chance that a 
tornado sweeping through a junkyard might 
assemble a Boeing 747 from the materials 
therein’’. The simile is glib, meretricious and 
deceptive. No evolutionist has suggested that 
higher life forms are assembled by chance 
from debris. 

However, the inept comparison provokes 
memories of the actual evolution of the Boeing 
747, starting a mere 80 years ago with 
primitive flying machines that indeed looked 
like products of junkyards. As in biology, but 
almost infinitely more rapidly, aeronautics 
proceeded from the simple to the complex. 
The inventions of the Wright brothers and 
Santos Dumont led to Blériot’s 1909 
monoplane and a host of larger aircraft within 
the next decade. Boeing planes started to cross 
the oceans in 1934 and the 74-passenger 
Boeing Clipper was in trans-Pacific service in 
1937. Preceded by the British Comet, Boeing 
707s brought in the jet age of travel in 1959, 
They were the evolutionary predecessors of the 
747. The brief history of aircraft technology is 
filled with branching processes, phylogeny and 
extinctions that are a striking counterpart of 
three billion years of biological evolution. 

Instead of misleading newspaper reporters 
with attacks on evolution and fables about ‘flu 
bugs in comet tails, Hoyle and 
Wickramasinghe should note that protein 
molecules evolve by elongation of small 
polypeptides and that living organisms acquire 
ever-increasing complexity from gene 
duplication as now revealed in DNA 
sequences. Also, that wide-bodied jets evolved 
from small contraptions made in bicycle 
shops. Or in junkyards. 

THOMAS H. JuKEs 
University of California, 
Berkeley, California, USA 


Brought to Book 


SIR — Jon Marks’s letter about Creationism 
(Nature 28 January, p.276) is obviously either 
a parody or a hoax. No other explanation is 
possible of such a farrago of perversity and 
farce. 

The inerrancy of the Bible may well be a 
risible Aunt Sally, but even so it is not to be 
knocked down by the ineptly aimed brickbats 
lobbed at it by Mr Marks, His paraphrase of 
St Luke’s account of Jesus and the repentant 
thief is inaccurate, and his comment upon it 
ludicrously, if not wilfully, naive; his gibe at 
Leviticus’s classification of bats with birds 
would strike home only if ‘‘bird’’ had always 
had the same narrow meaning as it has today, 
which, of course, is not the case, And as for 
Origen’s mockery of the proposition that “the 
first three days existed without Sun, Moon and 
stars’’, I suspect that most modern 
cosmologists would prefer to side with 
Genesis! If one wishes to confute 
Fundamentalism, is it not best merely to point 
to the Bible’s self-contradictions? These, after 
all, are many: for example, the discrepancy 











between the genealogies of Jesus offered in 
Matthew 1 and in Luke 3. 

Fallible the Bible certainly is, but | cannot 
agree with Mr Marks that its myth has even 
more rivals, let alone any superiors. The 
wealth of the Bible’s wisdom, the beauty of its 
story, the power of its images are vast, 
unexampied, seemingly inexhaustible: if proof 
were needed, the Bible is the source of some of 
the greatest works of some of our greatest 
artists — the Divina Commedia, the St 
Matthew Passion, the Sistine frescoes, 
Paradise Lost, the Last Supper, Messiah, 
Where are the fruits of the Kalevala, or the 
Elder Edda, or the Odyssey? 

That the Bible is not ‘‘original’’, everyone 
admits: but that is far from being a failing: in 
literature, as in ethics, ‘‘originality’’ is the 
prerogative of cranks, and the “‘original’’ 
usually monstrous — and, like most monsters, 
sterile. No great story — be it the Morte 
d’Arthur or the tale of Noah’s Flood — is sui 
generis. Indeed, to trace the resemblances 
between the biblical myth and those of other 
books is to play straight into the Christians’ 
hands, for it is part of the Christian thesis that 
among the pagan legends there may be “good 
dreams’’ sent from Heaven: blurred, poetic 
visions of what, in the New Testament, 
became cencrete, prosaic fact. 

It is sad that Mr Marks thinks that a 
Creator of 750,000 species of insect would 
have to be a ‘‘cosmic bore’’, but the blame for 
boredom usually lies with the bored: Mr 
Marks’s remark tells us more about Mr Marks 
than it does about God. Yawns are not 
admissible as philosophical arguments. 

But Mr Marks is quite correct, I believe, 
when he says that the existence of God is 
‘irrelevant’? to evolution; perhaps one might 
broaden his observation, and say that the 
existence of God is irrelevant to science 
generally. The supernatural, if it exists, is by 
definition intrinsically unknowable to 
“natural’’ science (except in the very limited 
sense that Shakespeare is knowable to literary 
criticism). Worse still, even if the supernatural 
not only existed but also operated upon 
nature, science would certainly find those 
operations all but impossible to assimilate: for 
the price that science pays for relying 
ultimately upon repeatable experiments is that 
science finds it enormously difficult to 
incorporate irreproducible phenomena, 
especially when such phenomena do not seem 
to accord with current scientific theory. There 
is a perennial temptation to reject odd 
phenomena as ‘‘impossible’’. “Improbable” 
they may be, but “impossible” they most 
definitely are not. To label any observation, 
however bizarre, as ‘impossible’, is 
profoundly to misunderstand the provisional 
nature of scientific law. Those who jeer at the 
Bible’s reports of miracles commit precisely 
the same philosophical error as those old 
astronomers who, we recall, were frightfully 
amused by the quaint bucolic fantasy that 
stones sometimes fell from the sky. 

In conclusion, then, Christian apologists 
should regard science neither with fear nor 
with hope: science is not, and never can be, an 
arbiter of theology: no experiment in any 
laboratory will ever verify or falsify the 
resurrection of Jesus Christ. Similarly 
scientists must have the honesty and the 
humility to concede that science’s methods of 
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inquiry are radically limited in scope. We 
cannot vivisect God. 
Though, in our way, we tried. 


A.J. HOLLIN 
London SW15, UK 


Losers all 


Sik — Your report that the Medical Research 
Council will not accept grant applications 
from British university departments 
inadequately equipped for the proposed 
research (Nature 19 November 1981, p.201) 
invites comparison with the analogous 
situation in the United States. In both 
countries, a system of ‘‘dual support’’ prevails 
for government-sponsored academic research. 
Government agencies, accepting that 
discipline-oriented university research yields 
fundamental findings of profound cultural 
value and of potential benefit for society, and 
the major — but by no means only — 
investors in these activities. As a condition of 
making limited grants to departments or 
individuals, the government expects the 
universities to supply the remaining research 
necessities. (In Britain, the university’s 
resulting relative share is much higher than in 
the United States.) 

Here, the two systems diverge in nature. The 
British university’s general funds come from 
the same exchequer as do research grants. The 
same austerity mood that leads a research 
council to emphasize that it will withhold 
funding unless the laboratory involved is “well 
found” also leads to the tightening of general 
university support from which the university is 
expected to equip laboratories. Without other 
resources for this type of research, the 
institution makes painful choices to sustain 
part of the research duet’. 

In the United States, the federal government 
pays less than total direct and total indirect 
costs of sponsored faculty projects (regardless 
of method of reimbursement). The universities 
receive no general federal support but must 
meet the balance of federal project costs by 
drawing on their own genera! funds for 
instruction and other activities. These come 
principally from state governments (for state 
universities) and student tuition and, toa 
lesser extent, from alumni, foundations, 
industry and endowment. Admittedly, 
American universities have a more diversified 
financial base than do most British 
institutions. Yet, non-federal sources of funds 
have their own views on research and are not 
eager to make up the difference on federal 
projects. 

Here, some similarities can perhaps be 
suggested. In Britain, departments receiving 
inadequate university funding may be denied 
research council support. In the United States, 
the university may be forced to make up the 
balance, on federal projects, with funds it 
would otherwise use for promising research by 
graduate students or young faculty members. 
In this zero-sum situation, these faculty and 
graduates are not only the immediate losers 
but also involuntary co-sponsors of the public 
interest research that does receive their 
university’s funds. Ultimately, as you observe, 
“the rest of us” are the losers. 

KATHRYN SMUL ARNOW 
Brussels, Belgium 
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Breaking the 600 metre barrier 


Ix the 12 years’ existence of the Giomar 
Challenger, deep-sea drilling in more than 
600 holes has repeatedly failed to penetrate 
deeper than 582 m into the pillow lava 
sequence at the top of the crust. A myth 
had thus arisen among geologists that 
deeper drilling in the oceanic basement is 
prohibited with current technology. Now 
the mythical 600 m barrier has been 
broken. Leg 83 of the Deep-Sea Drilling 
Project has deepened, by 514m, Hole 504B 
in the 6.2 Myr crust on the southern flank 
of the Costa Rica Rift, and penetrated to 
1,076 m of basalt. The hole penetrates 
almost twice as deep into the oceanic crust 
as any other and has been used for making 
an extensive set of geophysical! 
experiments, utilizing the borehole as a 
natural ‘window’ into the crust. 

A consensus has steadily arisen over the 
past several years that the best model of the 
structure and composition of the oceanic 
crust is provided by ophiolites on land. An 
ophiolite is a layered tectonic sequence 
progressing, top to bottom, from marine 
deep-water sediments to pillow basalts, 
then to a sheeted, nearly vertical dike 
complex. Beneath the dikes are the cooled 
remains. of what was once a magma 
chamber, gabbros and layered cumulates. 
Ultramafics lie beneath the gabbros across 
a transition thought to be the MOHO. 
With depth the entire sequence is altered to 
successively higher-temperature meta- 
morphic rock: first zeolite facies in the 
pillows, then greenschist facies in the 
pillows and dikes, and finally amphibolite 
facies in the lower dikes and gabbros. 
Ophiolites are thought to represent old 
oceanic crust generated at a mid-ocean 
ridge spreading centre and somehow 
‘obducted’ onto land during collisions of 
the gigantic plates moving over the Earth’s 
surface. 

Leg 83 goes a long way towards 
validating the ophiolite model, although it 





Scientists aboard D/V Glomar Challenger for 
Leg 83 were Roger Anderson and Jose 
Honnorez (Co-Chief Scientists), A.C. 
Adamson, J.C. Alt, K. Becker, R. Emmerman, 
P.K. Kempten, H. Kinoshita, C, Laverne, M.J. 
Motti, R. Newmark and E. Tual, 
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from the Scientific Party, DSDP Leg 83 


exposes a few inconsistencies that will 
require re-examination of the ophiolites. 
First, Leg 83 penetrated through the pillow 
lavas, and at about 700 m it broke through 
into a sheeted dike complex. The transition 
occurred sharply, over a depth range of 
about 50 m, in every geophysical log and 
experiment run in the hole. The figure 
shows that seismic velocity, density and 
thermal conductivity of samples, as well as 
in situ electrical resistivity, sonic velocity 
and reflectivity from a downhole sonic 
televiewer (showing rock hardness), all 
increased in a step-like fashion. By contrast 
the porosity, degree of fracturing, amount 
of alteration minerals, and magnetic 
intensity and susceptibility all fell while in 
situ permeability decreased by three orders 
of magnitude below the boundary. 
Marine seismology has provided 
evidence of a layered structure of the 
oceanic crust in which surficial low- 








velocity pillows are referred to as layers 2A 
and 2B, a deeper dike layer as layer 2C and 
the deeper gabbros as layer 3. Leg 83 drilled 
into layer 2C and measured in situ ‘layer 
2C-type’ seismic velocities in the sheeted 
dike sequence. 

Above the dikes, Leg 83 found an 
extensively altered pillow and breccia layer, 
with a stockwork of iron, zine and 
probably copper sulphides in 
hydrothermal silicate veins. In the 
ophiolites, massive sulphide ore bodies of 
economically important metals have been 
mined, whose ‘feeders’ are stockworks 
strikingly similar to that found in the Leg 
83 drill hole. Above this layer, alteration 
dropped off in extent and grade, and a 
highly permeable layer 2A was found. 

In 1979, Legs 69 and 70 had drilled 562m 
into the same area of oceanic crust and had 
discovered an underpressured aquifer. Leg 
83 verified that this aquifer was still 
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Geophysical logs from Leg 83, Hole 504B. Hatched line is base of transition between seismic 
layers 2B and 2C. Below are predominantly dikes: above pillows. Arrows and solid lines are 
changes in gradients near this transition. Each log shows this transition. Velocities are from 
sonic log, density from active-source y-ray log, fracture count and reflectivity are from 
Borehole Televiewer log, clay hydroxy! content from a cross-correlation between neutron 
porosity, which measures porosity plus hydroxyls in formation, and density which measures 
only porosity. Thermal conductivities are measured from cores on board ship and are the only 
measurements not done in situ. 
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drawing ocean bottom water downwards 
into the oceanic crust, but at a slower rate 
— 1,500 I h-t compared with 6,000 I h. In 
the two year period, 50x 10° kg of sea 
water have been drawn into the crust. 

An apparent discrepancy between the 
Leg 83 findings and the ophiolite model did 
turn up, however. According to the 
literature ophiolite rocks appear to have 
generally re-equilibrated under increasing 
temperature metamorphic facies, Leg 83 
basalts display only partial re- 
crystallization, showing they have not 
reached equilibrium. Also Leg 83 rocks do 
not grade with increasing depth into 
increasingly higher-temperature facies. 
Some of the minerals of lowest- 
temperature alteration and the least altered 
rocks were found in the middle cores of the 
dikes complex. 

The sequence of alteration has not yet 
been resolved by analysis on board the 
Challenger. Recovered rocks show the 
effects of at least two stages of alteration: a 
greenschist facies (hotter) event depositing 
actinolite, chlorite and epidote into veins 
and actinolite, chlorite, sphene and albite 
throughout the rock matrix, and a zeolite 
facies (lower temperature) event, 
characterized by laumontite, epidote, 
chlorite and smectite. Anhydrite seems to 


occur with both facies mineral pargenesis 


in veins and appears to be a late forming 
mineral. It is not clear whether the 
stockwork metallogenesis belongs with the 
hotter or the cooler event. The question 
still unresolved is whether both events took 
place at the ridge axis or whether the cooler 
event is occurring now on the flank of the 
ridge. Significantly, water in formation 
pores has the composition predicted to be 
in equilibrium with currently occurring 
alteration in the rock. Formation waters 
therefore do not reflect the greenschist 
facies (hot) type of event. 

This is an important geophysical issue as 
well, for the plumbing system of the dikes 
and lower pillows is clearly plugged up by 
alteration, whereas the top of the crust 
(layer 2A) is obviously open to aquifer-type 
flow. Closer to the ridge, was layer 2A 
thicker and convection more pervasive? Or 
has convection — even at the ridge axis — 
always been limited to the upper 500 m of 
the oceanic crust now at Hole 504B? 

Shore-based analysis of Leg 83 results 
promises much excitement. In any event, 
the myth of not being able to drill deep in 
the oceanic crust has been proved to be just 
that. Leg 83 left Hole 504B clean and ready 
for even deeper drilling on a possible future 
leg — layer 3 or bust! E 


Ocean floor conductivity measured 


from T.J.G. Francis 


A WIDE range of electrical methods has 
been used for several decades over land to 
measure the conductivity of the underlying 
rocks. But whereas the study of the elec- 
trical properties of rocks has become the 
most important method of geophysical 
exploration for metal ore bodies, the appli- 
cation of these techniques to the sea bed, 
even in the shallow waters of continental 
shelves, has been severely restricted by the 
high conductivity of seawater. Much effort 
has been directed to getting round this 
difficulty and in Geophysical Research 
Letters, P.D. Young and C.S. Cox have 
now described an active-source electro- 
magnetic sounding experiment carried out 
on the ocean floor!.The technique offers 
new possibilities for studying the geology 
of the oceanic crust. 

Magnetotelluric sounding, in which the 
horizontal magnetic and electric fields of 
naturally occurring electromagnetic signals 
are observed, has been carried out on the 
ocean floor since 1965 (ref.2). The 
conductivity of the ocean eliminates 
frequencies above about 10 c.p.h. (0.003 
Hz) however, so that the method is suitable 
only for studying the conductivity of the 
mantle ona scale of hundreds of kilometres 


T.J.G. Francis is Head of Geophysics at the 
Institute of Oceanographic Sciences, Wormley, 
Godalming, Surrey GU8 SUB. 


and is thus insensitive to the conductivity 
structure of the crust and uppermost 
mantle. Using an array towed at the sea 
surface behind a ship to measure the 
resistivity of the sea bed on the continental 
shelf?, it has been possible to distinguish 
between unconsolidated sediments and 
hard rock and to detect the presence of a 
sulphide ore body, but this method is not 
thought practicable in oceanic depths. 

In the novel active-source electro- 
magnetic sounding experiment of Young 
and Cox!, low-frequency signals of 
0.25-2.25 Hz were detected at a range of 19 
km close to the axis of the East Pacific Rise 
at 21°N. The transmitting antenna, 
lowered from a ship, consisted of an 800 m 
long insulated wire through the ends of 
which 70 A peak alternating current was 
passed into the sea. The freely deployed 
receiver measured the electric field at two 9 
m long crossed antennas and at the end of 
the experiment floated back to the surface 
for recovery. The observations have been 
modelled to yield a conductivity structure 
of the crust and upper mantle to a depth of 
30 km beneath the sea floor. 

The important thing about the work of 
Young and Cox is not so much their results, 
fascinating though they are, as the 
potential which the technique may have for 
future studies of the geology of the ocean 
floor. Our present knowledge of the deeper 


geological structure of the ocean crust has 
been obtained largely by seismic methods. 
Reflection methods have told us most 
about the structure of the sedimentary 
lavers and refraction about the underlying 
basement. However, the translation of 
velocity structures into geology is 
ambiguous and compressional wave 
velocities are insensitive to many of the 
properties of the ocean crust which now 
interest earth scientists. By contrast, the 
electrical conductivity of a rock is 
extremely sensitive to the presence of 
cracks filled with seawater, to even smaller 
amounts of partial melting and to the 
presence of sulphide ore minerals. All have 
the capacity to increase the conductivity of 
arock by-two or more orders of magnitude. 

The extent to which seawater penetrates 
newly formed oceanic crust has been a 
subject of considerable interest ever since it 
was first demonstrated by Lister a decade 
ago*. Now Young and Cox have demon- 
strated that close to the East Pacific Rise, 
the high-conductivity (0.1 S m!) basalts 
penetrated with seawater are no more than 
1.4 km thick. This result has already 
received support from large-scale 
resistivity measurements made on Leg 83 of 
the Deep-Sea Drilling Project in Hole 504B 
on the Costa Rica Rift? (see previous 
article). Seawater may penetrate much 
more deeply into the crust of slowly 
spreading ridges and active-source 
electromagnetic sounding is probably the 
best method for measuring it. 

This technique may also provide the 
means of finding magma chambers 
beneath the axes of mid-oceanic ridges. 
The existence of such magma chambers has 
long been postulated, but finding them has 
proved difficult, particularly on slowly 
spreading ridges where seismic refraction 
experiments have produced negative 
resuits®, 

Finally, sulphide ore bodies are now 
thought to exist in the upper levels of the 
oceanic crust at a frequency of one ore 
body of horizontal area 0.1 km? per 20 km? 
(ref.7). Attempting to find such ore bodies 
by drilling would be futile, since on the 
average it would take 200 holes to discover 
one cre body. Deep penetration logging of 
the bore holes could improve these odds, 
but only by a factor of about four. Active- 
source electromagnetic sounding is 
certainly the best available means of 
finding such bodies once they have become 
buried by pillow lavas and sediment. 

Thus Young and Cox have demonstrated 
a technique which, if widely deployed, 
possidly using other frequencies and 
source—receiver configurations, could 
provide answers to many of the problems 
which have eluded solution by more con- 
ventional marine geophysical techniques. (7 


1. Young, P.D. & Cox, C.S. Geophys. Res. Lett. 8, 1043 
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Fifty years of substanee P 


from T.M. Jesseil 


SUBSTANCE P, the doyen of the common 
peptides’, is now 50 years old and on the 
verge of achieving respectability as a neuro- 
transmitter. Yet by comparison with many 
other peptides of inferior pedigree, the 
physiological functions of substance P 


have remained obscure. Some of the 
reasons for the slow progress are easy to 


find. Although many of the peripheral 
actions and chemical properties were estab- 
lished by von Euler and Gaddum, it took 40 
years before substance P was eventually 
isolated and its amino acid sequence 
determined. But even with the availability 
of synthetic material, advances in the 
chemistry of substance P have been disap- 
pointingly slow. Simple modifications in 
the native amino acid sequence did not im- 
mediately generate receptor antagonists or 
more potent agonists, More fundamental! 
perhaps, the behaviour elicited by the 
central or peripheral application of 
substance P has been less easily inter- 
pretable than, for example, the elevation of 
pain threshold associated with adminis- 
tration of opioid peptides or the modi- 
fication of feeding and drinking behaviour 


elicited by cholecystokinin and 
angiotensin. 
At a recent CIBA Foundation 


symposium* there were encouraging signs 
that some of these obstacles have been, or 
are about to be, overcome. In particular, it 
is now apparent that modifications of the 
C-terminal sequence of substance P can 
generate receptor antagonists, stable 


*CIBA Foundation Symposium no.9} ‘Substance P in the 
Nervous System’, organized by Dr Ruth Porter and chaired by 
Sir Arnoid Burgen, was held at the CIBA Foundation 30 
November — 3 December 198] and followed by a one day 
meeling organized by the Centre for Neuroscience ai University 
College London. 








100 years ago 
NOTES ABOUT SNAKES 
| A serpent’s first instinctive impulse of self- 
preservation, like that of every other animal, 
lies in escape; probably a more nervous 
creature does not exist. If surprised suddenly, 
or brought to bay at close quarters, it may be 
too terror-stricken to attempt flight; then it 
bites, following a curious general rule which 
seems to obtain throughout nearly the whole 
animal world, from a passionate child down- 
ward, no matter what the natural weapons of 
offence may be. Young Felidae will keep their 
talons sheathed until they have exterted all 
possible force with their soft milk-teeth, anda 
lizard will seize the hand which restrains it with 
| its insignificant little jaws, when its tail or 
claws might inflict far more injury. The 
Roidoe never use their constrictive powers in 
self-defence (unless they are gripped), and it 
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agonists and analogues that are selective 
for substance P receptor subtypes within 
the central (CNS) and peripheral nervous 
systems (see Table 1). By substituting 
d-amino acids at residues 7 and 9, Rosell 
(Karolinska Institute) and colleagues have 
synthesized a peptide analogue that 
antagonizes the spasmogenic activity of 
substance P on intestinal smooth muscle 
and the vasodilatory actions on peripheral 
vessels. At present, effective blockade of 
substance P responses can be achieved only 
at relatively high antagonist concentrations 
(10° -104M) and partial agonist activity 
has also been observed in some bioassav 
systems?. However, more potent and 
specific antagonists can now be anticipated 
and their availability will undoubtedly 
prove crucial for evaluating many of the 
postulated physiological functions of sub- 
stance P, 

Attaching a methyl group to the nitrogen 
atom in the peptide bonds at residues 8 and 
9 and deleting the N-terminal tetrapeptide 
(Lee, Johns Hopkins Medical School) 
results in an analogue (termed Di Me C7) 
which is biologically active and completely 
resistant to degradation by a membrane- 
bound endopeptidase that inactivates 
substance P?. Whether the endopeptidase 
isolated by Lee, or any other enzyme for 
which substance P can act as a substrate, is 
actually involved in the mactivation of 
neuronally released substance P is still 
unclear. It is conceivable that diffusion 
alone could effectively terminate the 
actions of substance P. However, injection 
of Di Me C7 into the ventral tegmental area 
of rats (Iversen, University of Cambridge) 
produces a spectrum of behavioural 


seems probable that if a venomous snake's 
fangs lay in its tail, it would use its teeth first 
when attacked before bringing them into play. 
I was walking in the Botanical Gardens of 
Rio de Janeiro some time ago, when I found 
myself literally upon an immense green tree- 
snake, at least nine or ten feet long. This 
serpent, of course, was harmless, so that there 
would have been no danger in grasping it; but 
it emitted a curious sound in its terror, such as 
I have never heard before or since. It 
screamed, and so loudly, that some people 
near, who saw nothing of what was going on, 
thought they heard a child cry. Serpants make 
all sorts of noises besides hissing, according to 
their different kinds; Crotali spring their 
rattles; the carpet-viper (Echis carinata) tubs 
the imbricated scales of its adjacent coils 
together; the fer-de-lance (Trigonocephalus 
lanceolatus) is said in St. Lucia to give oul a 
series of little taps with its horny extremity; 
and many others — such as the rat-snake 
(Spilotes variabilis) of South America — cer- 
tainly indicate their presence when angry by 
quivering their tails against the ground; buta 
crying snake would have been a decided 
novelty in one’s collection. 
ARTHUR STRADLING 
From Nature 25, 16 February, 377, 1882. 
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responses that resembles, but greatly 
outlasts, the response elicited by sabstance 
P itself. The prolonged duration of action 
of Di Me C7 in vivo provides the first 
indication that substance P-inactivating 
enzymes may in fact function physio- 
logically. 

Comparison of the potency of substance 
P and its analogues on a battery of 
different bioassay systems is beginning to 
generate a pattern of activity which may 
reflect the existence of at least two 
subclasses of substance P receptors. The 
clearest demonstration of this derives from 
studies with the tachykinins, a family of 
naturally occurring peptides isolated from 
amphibian skin, which share a common 
C-terminal amino acid sequence with sub- 
stance P*. For example, substance P is five 
times more potent than the tachykinin 
kassinin as a spasmogen in the guinea pig 
ileum, but is 100-1,000 times less active 
than kassinin in potentiating the electri- 
cally evoked contraction of the rat vas 
deferens. Iversen and Hanley (MRC 
Neurochemical Pharmacology Unit) have 
now extended this analysis to synthetic 
substance P analogues, including the 
methyl ester of substance P, which is 
10,000 times less active than kassinin on the 
rat vas deferens but equipotent on the 
guinea pig ileum’. Iversen and Hanley have 
consequently introduced the terminology 
SP-P and SP-E receptors to represent these 
two extremes of biological activity. SP-P 
receptors predominate in the guinea pig 
ileum and exhibit greatest selectivity for the 
methyl ester of substance P and the tachy- 
kinin physalaemin. SP-E receptors are 
present in the rat vas deferens and. are 
activated most potently by the tachykinins 
eledoisin and kassinin. Synthetic substance 
P analogues exhibiting specificity for CNS 
receptors may also exist. Iversen reported 
that extension of the C-terminal amide 
group produces an analogue that is ten 
times more potent than substance P itself in 
displacing 7H-labelled substance P binding 
to rat brain membranes but has only one- 
thousandth its potency on peripheral bio- 
assay systems (Table 1). 

The existence of mammalian receptor 
subtypes that exhibit selectivity for 
peptides of amphibian or arthropod origin 
raises the possibility that similar tachy- 
kinins may also exist in mammalian 
species. In fact, Lazarus etal. have recently 
reported low amounts of physalaemin-like 
peptide in rat brain and intestine®. In 
addition, Keen (University of Bristol) has 
observed that rat dorsal root ganglia 
incubated with »S-methionine can syn- 
thesize authentic substance P and also a 
peptide that is immunoprecipitated by 
C-terminal- but not N-terminal-specific 
anti-substance P antisera’. Although the 
identity of this peptide is unknown, these 
findings suggest that there may be a second 


T.M. Jessell is in the Department of Neuro- 
biology, Harvard Medical School, 25 Shattuck 
Street, Boston, Massachusetts 02115, 
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tachykinin-like peptide within primary 
sensory neurones. The presence in mam- 
malian species of peptides that may be 
structurally related to substance P once 
again emphasizes the need for caution in 
interpreting immunoassay and immuno- 
cytochemical data and justifies the use of 
such caveats as ‘radioimmunoassayable 
substance P-like immunoreactivity’. 

The availability of stable and selective 
agonists and antagonists is likely to re- 
inforce the existing evidence that substance 
P is a neurotransmitter in some mam- 
malian sympathetic ganglia. A series of 
elegant experiments have been performed 
on the guinea pig inferior mesenteric 
ganglion (Otsuka, Tokyo Medical and 
Dental University). In this preparation the 
organization of preganglionic inputs 
makes it possible to elicit a pure cholinergic 
excitatory postsynaptic potential (e. p.S.p.)} 
in postganglionic neurones, by stimulation 
of preganglionic fibres in the ventral root, 
whereas stimulation of the dorsal root 
produces only a slow, non-cholinergic 
e.p.s.p. (see the figure). Otsuka has shown 
that the depolarization and changes of 
membrane resistance that accompany the 
Slow e.p.s.p. can be mimicked by appli- 
cation of substance P8. Ultrastructural 
studies (Cuello, University of Oxford) 
demonstrated that substance 
P-immunoreactive fibres in the inferior 
mesenteric ganglion exhibit classical 
synaptic specializations at their contacts 
with the sympathetic neurones. Moreover, 
there is convincing evidence that these sub- 
stance P terminals are almost exclusively 
sensory in origin. When the fluorescent 
dye, true blue, was injected into the 
inferior mesenteric ganglion (Hofelt, 
Karolinska Institute) it was transported 
retrogradely to sensory neurone cell bodies 
in the dorsal root ganglion that also contain 
substance P®. The sensory nature of the 
intraganglionic substance P fibres has been 
confirmed by Otsuka in electro- 
physiological studies. Application of 
capsaicin, which is thought to act selec- 
tively on sensory neurones, elicits a slow 
depolarization of post-ganglionic 


Table 1 
N-terminal 


1 2 
Substance P 


Antagonist D-PRO 
Stable agonist 
SP-P agonist 


SP-E agonist ASP ~ VAL 


(kassinin} 


CNS agonist 


Chemical modifications in subst 








to periphery 


Diagram showing the organization of sub- 

Stance P (SP), acetylcholine (ACh) and 

enkephalin (ENK) inputs to the guinea pig 

inferior mesenteric ganglion. Details are 
given in refs. 8 and 9. 


neurones that is probably mediated by the 
release of substance P from sensory 
endings in the ganglion. Furthermore, 
prolonged application of capsaicin 
abolishes the non-cholinergic slow e.p.s.p. 
but does not affect the cholinergic 
potential or the response to bath 
application of substance P. 

Otsuka also presented evidence that 
both the fast cholinergic e.p.s.p. and the 
non-cholinergic slow e.p.s.p. are depressed 
presynaptically by opioid peptides and that 
the release of substance P from the 
ganglion is suppressed by enkephalin’. The 
pharmacological properties of substance 
P-containing sensory collaterals within the 
inferior mesenteric ganglion are therefore 
remarkably similar to those of central 
sensory terminals in the dorsal horn of the 
spinal cord, which are also sensitive to 
capsaicin and opiates. Whether the 
peripheral processes of the same sensory 
neurones, which Lembeck (University of 
Graz) and others reported to be sensitive to 
capsaicin also respond to opiates is not 
known. 


3 4 5 6 7 8 9 
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D-TRYP D-TRYP 
N-CH N-CH, 
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While substance P in the guinea pig 


inferior mesenteric ganglion clearly derives 


from sensory ganglia, the origin of sub- 
stance P in the rat superior cervical 
ganglion may be quite different (Black, 
Cornell University Medical College). 
When the superior cervical ganglion (SCG) 
from neonatal rats is removed and main- 
tained in explant culture there is a rapid and 
dramatic increase in substance P levels 
within the ganglion'®. Under these 
conditions many principal sympathetic 
neurones exhibit substance P-like 
immunofluorescence. This is in contrast to 
the innervated adult SCG where only 
immunoreactive fibres can be observed, 
and these are of unknown origin. The 
increase in ganglionic substance P content 
in explant culture can be prevented by vera- 
tridine, which presumably depolarizes the 
neurones and releases substance P. Black 
has, therefore, proposed that in addition to 
the well established activity-dependent 
regulation of adrenergic activity in sympa- 
thetic ganglia, the peptide content of sym- 
pathetic neurones may be modified by 
activity. However, since decentralization 
of the SCG in vivo results in a very much 
smaller increase in substance P, other 
factors must contribute to the enormous 
increase observed after explantation of 
immature ganglia. 

If substance P can act as a transmitter of 
slow potentials at synapses formed by 
sensory terminals in the inferior mesenteric 
ganglion it may be reasonable to anticipate 
a similar role for substance P at the central 
terminals of the same neurones in the 
dersal horn. Excitation of dorsal horn 
neurones following iontophoretic applica- 
tion of substance P (Henry, McGill 
University) is of a similar duration to that 
observed by Otsuka in sympathetic 
gangha. In a more accessible preparation 
of spinal neurones in culture, a slow de- 
polarization in response to substance P 
occurs that may result from a decrease in 
potassium conductance!!, While substance 
P is present in and released from the central 
terminals of primary afferents in the super- 
ficial dorsal horn, physiological evidence 
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for a sensory transmitter role for substance 
P has been more difficult to obtain. In fact, 
the lack of change in C fibre-evoked res- 
ponses of dorsal horn neurones, after sub- 
stance P depletion induced by peripheral 
nerve section, led Wall (University College, 
London) to question the entire concept 
that substance P might be a sensory trans- 
mitter!?. Although it seems clear that sub- 
stance P does decrease substantially in 
central sensory terminals after peripheral 
nerve lesions with little immediate change 
in response to C fibre input, itis not known 
whether enough substance P remains in the 
central terminals to maintain a small but 
releasable pool that is sufficient to exert a 
postsynaptic action. Given the relatively 
slow time course of action of substance P 
on sympathetic and spinal neurones, any 
depletion of substance P probably leads to 
gradual and prolonged changes in the excit- 
ability of dorsal horn neurones that might 
be difficult to detect with extracellular 
recording techniques. Furthermore, as 
somatostatin will probably also be depleted 
by peripheral nerve section and inhibits 
those dorsal horn neurones that are excited 
by substance P, the net change in post- 
synaptic response may be even moresubtle. 
It is, however, important to emphasize that 
the evidence in favour of substance P as an 
afferent transmitter in the dorsal horn is 
still tenuous — although at present there 
are no compelling suggestions for alter- 
native roles. By analogy with the inferior 


mesenteric ganglion, it is possible that sub- 
stance P acts on dorsal horn neurones that 
also receive input from primary afferents 
releasing a more rapidly acting sensory 
transmitter. Once again, an effective 
receptor antagonist would go some way to 
resolving these problems. 

Finally, in any symposium devoted toa 
Single peptide, there is the danger of 
becoming a little myopic. Recent immuno- 
cytochemical studies on the retina and on 


‘enteric neurones, for example, have 


revealed that substance P is found in only 
about 10 per cent of the total population of 
peptide-containing neurones, in similar or 
the same classes of cell that are often func- 
tionally indistinguishable. In these systems 
the appreciation of a specific function for 
substance P may still be some way off. It is 
more encouraging to reflect that many of 
the chemical probes necessary for 
analysing substance P system will at least 


be available by that time. i 
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The unregenerate nervous system 


Jrom Miranda Robertson 


CuT the optic nerve of a frog, or the spinal 
cord of a fish, and within weeks the frog 
will see and the fish will swim again; the 
same lesions in a man will cause irreversible 
blindness and paraplegia. Must man, in 
common with other mammals, accept the 
loss, or can the regenerative capacity of his 
central neurones be reawakened? This 
question was the chief common focus of 
participants at a recent meeting in Berlin’, 
where neurobiologists discussed with 
clinical neurologists individual interests 
ranging from the control of development in 
intact invertebrate nervous systems to the 
control of oedema in damaged human 
ones. 

The central problems have not changed 
since the time of Cajal, who in the 1920s 
clearly perceived that the two prerequisites 
for effective repair in the central nervous 
system of higher vertebrates were signals 
for axon growth and signals for axon guid- 
ance, both apparently lost at maturity. In 
this the mammalian central nervous system 
differs not only from the central nervous 
system of lower vertebrates, but from the 
mammalian peripheral nervous system, in 
which cut nerves do regrow. The question 
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is, why? Interest very early focused on the 


differences between central and peripheral 


glial cells: whereas peripheral glia tend to 
form a tunnel through which a growing 
axon may extend, central glia at the site ofa 
jesion form an apparently impenetrable 
scar. This observation led Tello, working in 
Cajal’s laboratory in 1911, to test the effect 
of inserting a segment of sciatic nerve con- 
taining healthy proliferating glia into a 
deep incision in the cerebral cortex of a 
rabbit. This procedure induced vigorous 
sprouting of the ordinarily recalcitrant 
central neurones into the grafted nerve, 
even across glial scar tissue of central 
origin! . 

The excitement evidently felt by Cajal at 
this discovery found an echo 70 years later 
in Berlin, where A. Aguayo (Montreal 
General Hospital) aroused considerable 
interest with reports of his own recent 
work, identical in principle with Tello’s but 
with some important technical refine- 
ments. Foremost of these has been the use 
of horseradish peroxidase to establish 





Miranda Robertson is associate editor of 
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unequivocally the central origin of the re- 
generating fibres, and thus eliminate the 
possibility — later raised in connection 
with Tello’s results — that they derived 
from the sympathetic nerves innervating 
cerebral blood vessels. Aguayo and his 
colleagues have thus been able to show that 
grafts of sciatic nerve in spinal cord?, 
brainstem? and cortex* can induce 
sprouting of adult neurones for up to 2 cm, 
which is probably more than most central 
axons ever attain in normal development. 
The importance of this finding, as Cajal 
recognized, is that it clearly shows that the 
capacity for axon growth is not 
irretrievably lost in differentiated central 
neurones, and that the behaviour of adult 
neurones, like that of embryonic ones, may 
still be influenced by their environment. 

Indeed, the identification of the environ- 
mental tropic factors that determine the 
developmental fate of neurones has 
become one of the major preoccupations 
of neurobiology. So far, the only factor to 
have been purified and characterized is 
nerve growth factor (NGF), which is 
required for the growth and development 
of sensory and sympathetic neurones and 
has been implicated in the regeneration of 
Some nerves°. It has, however, proved 
technically difficult to demonstrate NGF in 
the nervous system, although the presence 
of specific NGF receptors has been shown 
on Several types of neurone (H. Theonen, 
Max-Planck-Institut, Martinsreid). 

It is notorious that NGF would probably 
have remained undiscovered to this day but 
for the series of lucky accidents and 
inspired guesswork that led R. Levi- 
Montalcini to the male mouse salivary 
gland which, for reasons that are still 
entirely opaque, is full of it. In the absence 
of an equivalent fortuitous source, it 
should not be surprising that other factors, 
identified through their effects on cultured 
cells, have remained largely elusive. A new. 
one, which may have some bearing on the 
influence of the glial environment, has 
been discovered by Thoenen in a crude 
extract of pig brain. It seems to be a basic 
protein with two interesting effects on 
dorsal root ganglion cells in vitro: it 
enhances their survival, and it substantially 
reduces their ability to bind NGF. The glial 
origin of the factor is inferred from the 
correlation between the proportion of glial 
tissue in the brain and the relative amount 
of factor that can be extracted from it. The 
existence of a factor that enhances 
neuronal survival could clearly be of con- 
siderable interest, particularly since it is 
specific for a subpopulation of cells whose 
survival is not enhanced by NGF, But it is 
not yet known whether it acts in vivo. 

The effect of the factor on NGF 
receptors may be of even greater interest: it 
is still not clear how far changes in neuronal 
behaviour with maturity are due to the dis- 
appearance of growth signals, and how far 
to the loss of receptors for the signalling 
molecules. While it has now been shown 
that adult central axons can be induced to 
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grow, it has not yet been demonstrated that 
they can be guided to the appropriate tar- 
gets, and it remains possible that those 
factors that drive them to terminal differ- 
entiation also blind them for ever to the 
signals that directed their earlier growth. 

To unleash the extension of such 
undirected axons would, as Aguayo 
acknowledged and R.W. Gilliatt (Institute 
of Neurology, London) repeatedly 
emphasized, be to invite consequences far 
more hideous than paraplegia. Gilliatt’s 
experience is with peripheral nerve injuries. 
Although peripheral nerves regrow, they 
seldom do so perfectly: a patient with 
damage to the brachial plexus in the 
shoulder, for example, will never regain the 
‘full use of his hand. And even where the 
damage is more limited, aberrant reinner- 
vation — or worse, correct reinnervation 
accompanied by aberrant collateral inner- 
vation — may cause pain and malfunction 
more serious than the original loss. Hence 
the need to know not only what induces the 
growth of fibres but what guides them to 
their targets and determines what they do 
when they arrive. 

The most resplendent example of 
functional reinnervation after injury is 
probably that of the amphibian optic 
nerve, which is able to regenerate to a topo- 
logically precise array of connections on 
the optic tectum. If such precise 
reconnection can be induced in a frog, 
might if not in principle be inducible in 
man? E. Frank (Harvard University) 
argued that the limiting factor might be 
size: morphogenetic signals that can 
operate efficiently in embryos and frogs 
might have too short a range to work 
properly in adult man. But while this is a 
perfectly reasonable supposition, it is quite 
inadequate to account for the differences 
in the regenerative capacities of different 
species. Mice, which are tiny, are as badly 
off as we are, whereas bullfrogs (S.S. 
Easter, University of Michigan, pointed 
out), can be enormous but can still re- 
establish accurate connections. 

In fact, it is becoming increasingly clear 
that there can be profound differences in 
the morphogenetic flexibility even of the 
embryos of different species. These 
differences first came to light as 
discrepancies in the data on the 
specification of retino-tectal connections 
in chicks on the one hand and amphibia on 
the other. Broadly speaking, if the eye of a 
frog or a kitten is damaged early enough, 
nerve fibres from the undamaged tissue will 
spread out to innervate the vacant space. In 
chicks, however, no such adjustment takes 
place; the space remains vacant and the 
denervated neurones die. More recent 
data, reported by J.K.S. Jansen 
(University of Oslo), provide further 
evidence that this reflects a real difference 
in the developmental plasticity of the 
different species. Jansen has tested the 
monosynaptic reflexes of chicks after 
removal of a small segment of the neural 
crest that supplies the sensory component 
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of the reflex, and finds permanent sensory 
denervation of the target muscle. 

In an equivalent experiment on the 
developing frog, Frank removed the single 
dorsal root ganglion that supplies the 
sensory innervation of the forelimb, and 
found by contrast that the mature frog had 
normal monosynaptic reflexes. He also 
found that the ganglion adjacent to the 
ablated one was enlarged, and concluded 
that sensory neurones in the enlarged 
ganglion had established both the central 
and the peripheral connections appro- 
priate to the forelimb’. Plainly the larval 
frog nervous system retains a plasticity that 
is lost at a much earlier stage of develop- 
ment in the chick. 

There may, however, be insuperable 
obstacles to the recapitulation of the pro- 
cesses leading to functional reinnervation 
inasimilarly damaged adult. The obstacles 
lie in the probable mechanisms of develop- 
mental specificity. Frank, for example, 
offers two explanations for his results. One 
possibility is that the enlarged ganglion at 
the time of the lesion still contains 
undetermined cells which proliferate and 
adopt the specification of the missing cells. 
The other is that cells with the appropriate 
specification were already present in the 
ganglion, where they would ordinarily 
have been eliminated in competition with 
the existing correct ganglion cells. In either 
case, the replacement cells would no longer 
be available in an adult. 

There is already evidence in other 
systems that specificity of neuronal 
connections is brought about by 
competitive and other interactions between 
cells whose initial specification may be 
relatively coarse and graded rather than 
precise and discrete. One case in point 
seems to be the specification of the spinal 
nerves innervating the sympathetic ganglia 
of guinea pigs®. Thoracic or lumbar 
ganglia transplanted into the normal site of 
the superior cervical ganglion will attract 
innervation from a far higher proportion 
of more caudal roots than would normally 
innervate cells at the level of the superior 
cervical ganglion. J.R. Sanes (Washington 
University) has recently shown a similar 
gradient in the reinnervation of intercostal 
muscle transplanted from two different 
levels of the thorax to the level of the 
superior cervical ganglion: while both 
grafts attracted a broad spectrum of inner- 
vation, the main source was significantly 
more caudal for the more caudal graft. 
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The gradients of overlapping 
specificities implicit in these results, 
however, are seldom characteristic of the 
innervation pattern of nerves at their final 
destinations. Developing motor nerves 
arriving at the periphery undergo ruthless 
pruning that involves the death of some 
cells and the withdrawal of many ter- 
minals; central nerves arriving at the visual 
cortex of binocular mammals segregate 
into a pattern of alternating stripes 
representing the input from the two eyes. 
In both cases, there is compelling evidence 
that the patterning depends on activity in 
the nerves. If all the neuromuscular 
junctions in a chick embryo are silenced 
with curare or a-cobra-toxin, the normal 
process of selective motor neurone death 
does not occur at the usual time; and con- 
versely, it can be accelerated by electrical 
stimulation of the limb!'®. In the visual 
cortex, the segregation of the inputs from 
the two eyes fails if the optic nerves are 
silenced with tetrodotoxin'!. Exactly how 
activity determines the pattern of 
connections is not known; but plainly 
were cell death is involved it is unlikely 
that regeneration will be capable of 
reproducing the specificity of the original. 
(On the other hand, a regenerating 
peripheral nerve may have the advantage of 
indelible footprints left by its predecessor. 
In particular, the Schwann cell sheath 
round the distal stump of a severed axon 
may guide the regenerating fibre in the 
general direction of its target, and there is 
now a great deal of evidence that the re- 
establishment of neuromuscular junctions 
is directed by molecules inserted in the 
basal lamina of the muscle at the site of the 
synapse!*.) 

In general, however, if cell death is a part 
of development then cell growth may be a 
necessary part of perfect regeneration. It is 
probably significant that in those species in 
which central nerves regenerate, the neural 
tissues continue to grow in adult life. The 
retina of the frog and fish, for example, 
continue to recruit new cells indefinitely. It 
may also be significant that animals whose 
central nervous systems regenerate never 
make very sophisticated use of them. If a 
frog’s eye is inverted before it is allowed to 
rejoin to the tectum, the frog never learns 
to adjust to the rotated image. A man, 
similarly handicapped by means of invert- 
ing lenses, can — at least up to a point. 
Pessibly the loss of developmental 
plasticity is the price mammals have paid 
for the synaptic plasticity that enables us to 
learn. Why such a loss should be the 
concomitant of an increase in synaptic 
plasticity, however, we shall be unable to 
guess at until we understand learning. In 
the meantime, we are left with Cajal’s 
verdict of more than half a century ago: 
a in adult centres the nerve paths are 
something fixed, ended, immutable. 
Everything may die, nothing may be 
regenerated. It is for the science of the 


decree.’’ 7 
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What role for autologous marrow transplantation 


in cancer therapy? 


from Rainer Storb 


TOXICITY to the marrow is a Serious 
limitation of cancer therapy due to the 
vulnerability of the rapidly dividing 
haematopoietic stem -cells to the anti- 
cancer agents. Higher:-— and potentially 
curative — doses of chemoradiotherapy 
may be possible when they are given in 
conjunction with replacement of the 
marrow by transplantation. However, 
because the donor marrow must be free of 
all tumour cells the graft has had to come 
from a separate, healthy individual — 
raising all the problems of immunological 
compatibility and restricting treatment to 
those with suitable donors, either an 
identical twin or a histocompatible sibling. 
A way round this restriction would be 
possible if marrow could be taken from the 
affected individual before chemoradio 
therapy and cleared of tumour cells 
without destroying the haematopoietic 
cells. In this issue of Nature Krolick and his 
colleagues report some preliminary 
successes in mice using an antibody-toxin 
conjugate to purge marrow of tumour 
cells. 

In general, for marrow grafting to be 
effective, two requirements must be 
fulfilled. First, tumours must be responsive 
to a short burst of high-dose therapy. 
Candidate tumours are leukemias and 
lymphomas, oat cell carcinoma of the lung, 
carcinoma of the breast, testis and ovary, 
soft-tissue sarcomas and pediatric 
malignancies such as neuroblastoma and 
Wilm’s tumour. Second, as pointed out 
above, the infused marrow must be free of 
clonogenic tumour, for otherwise, tumour 
would recur from cells transferred with the 
marrow even when the body burden of 
tumour has been eradicated. 

Much has been learned about tumour 
responsiveness from aggressive high-dose 
chemoradiotherapy of haematological 
malignancies using ‘rescue’ with healthy 
marrow either from an identical twin — a 
syngeneic graft — or from a sibling 
identical at the major histocompatibility 
complex — an HLA-identical allogeneic 
graft!-5, Success has been most impressive 
in patients with acute nonlymphoblastic 
leukaemia (ANL) grafted in first 
remission, with a long-term disease-free 
survival rate of 55—60 per cent and relapse 
rates of 10 per cent after allogeneic grafts. 
The survival rate in patients with ANL 
grafted in relapse or second remission has 
been 25 per cent, with a relapse rate of 50 
per cent. These rates compare with a 
survival rate of 20 per cent and a relapse 
rate of 70-80 per cent in patients with acute 
lymphoblastic leukaemia (ALL) grafted in 
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relapse or second remission. Results in 
non-Hodgkin’s lymphoma are limited, but 
perhaps 50 per cent disease-free survival 
can be achieved. Relapse rates were 
significantly lower after allogeneic than 
after syngeneic grafts, perhaps because 
graft-versus-host disease contributed an 
antileukaemic effect®. Relapses originated 
almost exclusively in cells of host origin. 
Clearly, the problem of eradicating 
leukaemia has not yet been solved. 
Nevertheless, the relative success of 
syngeneic and allogeneic marrow trans- 
plantation and the availability of effective 


cryopreservation techniques have 
stimulated research in autologous 
transplantation’ — transplantation of 


bone marrow within the individual. The 
major limitation in syngeneic and 
allogeneic transplantation is that only 
25—40 per cent of all patients have suitable 
donors. The use of autologous marrow 
would extend high-dose therapy to larger 
groups of patients and avoid graft-versus- 
host disease. 

To achieve results with autologous 
marrow grafting comparable to those with 
syngeneic or allogeneic grafts the marrow 
must be cleaned of contaminating tumour 
cells without destroying haematopoietic 
stem cells. A number of laboratories have 
shown that this can be accomplished in 
certain rodent tumours using in vitro 
treatment with cytotoxic drugs or immune 
reagents. The latter have usually been 
absorbed antisera from a different species 
cytotoxic to the tumour but not to 
haematopoietic stem cells. In most 
experiments, haematopoietic cells were 
first contaminated with syngeneic tumour 
cells and then incubated with antibody and 
complement before infusion into a lethally 
irradiated syngeneic recipient. Successful 
elimination of murine T cell AKR/J 
leukaemia and of, 6C3HED lymphoma 
with haematological restoration of the 
recipients have been reported®?. Initial 
attempts have been described to apply in 
vitro treatment with antibody and 
complement to autologous human marrow 
grafts for common ALL”. 

Unfortunately, cell killing by antibody 
and complement is incomplete, and 5-10 
per cent of tumour cells can be predicted to 
survive. Moreover, the quality of 
complement is variable. These problems 
with the conventional antibody plus 
complement approach emphasize the 
importance of the report by Krolick et al. 
(p.604) on the selective killing of leukaemia 
cells of the murine B-cell tumour, BCL,, by 
antibody-toxin conjugates. They have 
treated 1-10 x 10° spleen cells from mice- 
bearing BCL,, 80 per cent of which wete 
estimated to be tumour cells, with rabbit 
anti-mouse immunoglobulin antibody 


coupled with the A chain of the natural 
toxin ricin. From studies of cell transfers, 
they conclude that less than ten viable 
tumour cells remain in the spleen cell 
inocula. They then showed that antibody- 
ricin treatment could be used to ‘purge’ 
marrow from BCL, tumour cells. 
Transplanted mice observed for 6 weeks 
did not show tumour although haemato- 
poiesis was restored. 

Encouraging as these results are, they 
must be interpreted with caution. First, the 
observation period of six weeks is short not 
only by human but also by murine 
standards. Leukaemic relapse has been 
seen as late as three and a half years after 
allogeneic human marrow grafting. 
Second, as the authors themselves point 
out, the BCL, tumour consists almost 
entirely of cells expressing surface 
immunoglobulin and does not possess a 
major pre-B cell component, a quality 
perhaps not shared by human leukaemias. 

Experimental animal tumours may be 
more mature because they are often 
perpetuated by way of passaging. In 
contrast, spontaneous human leukaemias 
may originate from stem cells closely 
resembling normal haematopoietic stem 
cells and not expressing the differentiation 
antigens characteristic of their leukaemic 
progeny. Indeed, studies using the marker 
glucose-6-phosphate dehydrogenase have 
suggested that ANL may involve stem cells 
capable of differentiating into 
granulocytes—monocytes, platelets and 
erythrocytes!'!. Thus, despite complete 
removal of recognizable leukaemic cells 
from a marrow inoculum by antibody- 
ricin conjugate, leukaemia might recur 
from infused leukaemic stem cells. 

Despite these reservations, clinical 
studies should be undertaken. Monoclonal 
and polyvalent antibodies are now 
available that react with a variety of human 
tumour cells, including non-T cell ALL, T 
cell ALL, non-Hodgkin’s lymphoma and 
ANL!2. The results of syngeneic and 
allogeneic marrow transplantation will 
serve as the yardstick by which the 
potential of autologous transplantation 
can be measured. D 
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Quasars resolved? 
from M.G. Edmunds 


SOME controversies seem to go on for ever, 
but the quasar redshift debate must surely 
soon come to an end. During the past year 
the arguments for interpreting the redshifts 
as an indicator of large distances to the 
quasars have grown stronger, despite a 
spirited rearguard action by the main 
champion of a non-cosmological inter- 
pretation. 

in a recent paper in the Astrophysicai 
Journal’, Arp reports the discovery of 
several new quasars which lie in directions 
close to galaxies not very far away in space 
from our own Galaxy. Arp has maintained 
that there is evidence for a considerable 
excess in the number of quasars per unit 
area of sky around nearby galaxies (as seen 
from Earth), compared with regions away 
from obvious galaxies. He has suggested 
that this supports the idea that quasars are 
objects ejected by the galaxies, since the 
conventional ‘cosmological’ interpretation 
of redshifts would require an approxi- 
mately random distribution of quasars on 
the sky. Arp’s latest claim is that around a 
sample of galaxies which are companions 
to large nearby spiral galaxies, the observed 
density of quasars is so high that the proba- 
bility of the configurations occurring by a 
chance fluctuation in a random distribu- 
tion would be an astounding 10°’. If this 
statistic were right, a cosmological inter- 
pretation would be very hard to justify — 
but the estimate does not stand up to closer 
examination. 

Arp has performed a useful survey in 
looking at some 34 areas of sky and, 
although it is unfortunate that he does not 
give details of the exact area searched in 
each case, we may use his results to discuss 
the statistical significance of association. 
His analysis is to assign a probability of 
occurrence individually to each association 
he finds, and then combine these together 
to obtain an overall likelihood. A rather 
simpler (and probably preferable) 
approach is to ask what the expected 
number of associations would be, given a 
random distribution and a search of the 34 
areas, and compare this with the observed 
numbers. In his analysed sample Arp finds 
13 quasars at an angle of less than 300 arc s 
from the 34 companion galaxies, and all the 
quasars are brighter than about 20th 
magnitude on his magnitude scale. If we 
assume the search for these objects is 
complete out to at least 300 s, then if there 
are on average n quasars per square degree 
the expected number within 300 s of any 
one galaxy will be of order 


mx/ 300 \2xn, 
60 x 60 


and 34 times this for the total of 34 galaxies 
sampled. The total predicted is thus 0.74n. 
The problem comes in the choice of n. 
Arp initially assumes 10 per square 
degree down to 20th magnitude, giving a 
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predicted number of 7 against an observed 
13, which is perhaps a larger fluctuation 
than could reasonably be ascribed to 
chance (although not a fluctuation with as 
small a chance as 1077). But it is not 
obvious that 10 is the correct value to take 
for n. By assuming instead 18 per square 
degree down to 20th magnitude observed 
and predicted values can be made to agree, 
and as emphasized by Véron and Véron?, a 
reconsideration of all available data on 
quasar densities shows that such an 
assumption is not unreasonable. Osmer? 
found 14 per square degree down to 19.75 
magnitude. Véron and Véron suggest that 
the major problem in the comparison of 
the various estimates of surface density is 
the variation of magnitude scales between 
different observers. Since the observed 
numbers are a very sensitive function of 
limiting magnitude, a difference between 
magnitude estimates propagates very 
strongly into a difference in surface 
density. A problem with Arp’s statistics is 
emphasized when he claims that even if n 
were as high as 100, the probability of the 
associations he observed occuring by 
change would still be only 10°, and we note 
that in this case he should have discovered 
about 74 quasars within 300 are s of the 
galaxies — and indeed the chances of dis- 
covering just 13 are very small, but the 
result would then imply anti-association! 

These kinds of statistical argument 
cannot be considered satisfactory until 
reasonably large areas of sky have been 
surveyed completely to a consistent magni- 
tude limit. Arp could fairly argue that most 
of the quasars he finds are substantially 
brighter than 20th magnitude (by up to 0.5 
magnitude), but again the difficulty arises 
over variation of magnitude scales — an 
exactly similar search in 34 areas not centred 
on companion galaxies would be a useful 
control sample in setting the relevant 
(inevitably observer-dependent) value of n. 
Further, neither Arp nor this discussion 
have taken account of possible 
enhancement of the surface density of 
quasars by the brightening of distant 
quasars by the gravitational lens if the 
galaxies have massive haloes of stellar mass 
objects*, 

Strong evidence that most quasars are at 
the cosmological distances implied by their 
redshifts has come from the work of two 
groups, one Canadian’, the other from the 
United States and Germany®. By definition 
quasars are ‘quasi-stellar’ and hence have 
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unresolved circular images on direct photo- 
graphic plates, although some spatial 
structure has been recognized in a few 
cases. What these groups have done is to 
look carefully at the images of some two 
dozen low redshift (that is, not too distant) 
quasars, including the classic 3C273. By 
scanning both quasars and star images with 
an accurate measuring machine, they have 
been able to ‘resolve’ the quasars by 
demonstrating that in nearly every case the 
images of the quasars are more extended 
than those of stars. The light distribution 
of these extended images is consistent with 
their being galaxies — although the data 
cannot reliably distinguish between the 
light distribution of a spiral and an ellip- 
tical galaxy. Furthermore, the apparent 
size of the extended image decreases with 
increasing redshift of the quasar in just the 
way expected if the underlying galaxies 
were all of comparable size and the redshift 
were an indicator of distance. 

These results support the idea that what 
we see as quasars are just the very bright 
active nuclei of some galaxies. This is not to 
say that the underlying galaxies are com- 
pletely normal — the intense radiation 
source at the centre undoubtedly has some 
influence on the morphology and evolution 
of the system. A few of the quasar images 
are extended into huge jets (as in the case of 
3C273) of comparable size to the 
underlying galaxy — a phenomenon not 
seen on anything like this scale in normal 
galaxies — and for a few quasars, the 
nebulosity around the centre has 
previously been shown to have the charac- 
teristics of highly excited gas. 

It must be conceded to Arp that it 
remains possible that a subset of quasars 
could have a non-cosmological component 
to their redshift, although the apparent 
similarity of nearly all quasar spectra might 
then be surprising. Apparent alignments of 
quasar groups on the sky could be inter- 
preted as evidence for physical association 
of quasars of very different redshifts, and 
this would be impossible if the redshifts 
were true distance indicators. However, 
the statistical simulations of Zuiderwijk? 
confirm previous suggestions that such 
alignments as are observed are quite likely 
to arise by chance juxtaposition on the sky, 
with no physical association. 

It was the very considerable spread in the 
intrinsic luminosity of quasars which 
vitiated the plotting of a simple magnitude- 
redshift Hubble diagram that would long 
ago have settled doubts about their 
distance. The new information of angular 
diameter versus redshift of Wyckoff et al. 
must, however, considerably strengthen 
the cosmological distance interpretation o 
quasar redshifts, (2 
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Molecular effects in pion capture 


in complex materials 
Daphne F. Jackson, C. A. Lewis" & K. O’Leary 
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Intensities of X rays from pionic atoms in various materials determine the pion capture ratio in carbon and oxygen. A 
molecular model with transfer from hydrogen has the features necessary to fit the data whereas the Fermi-Teller law 
(Z-law) fails. Implications for pion dosimetry and radiotherapy and for studies of molecular structure are noted. 


A NEGATIVE pion is a strongly interacting particle, 273 times 
heavier than an electron. Like any other heavy charged particle, 
it travels in an almost straight line through material, losing 
energy by excitation and ionization, and stops at a certain depth 
which depends on the properties of the material and the incident 
energy of the pion. Little is known about the capture of stopping 
pions from the continuum into excited states ofa pionic atom or 
molecule’, as this process is simple only in metals when the pion 
can give up its energy to the conduction electrons’. In an isolated 
pionic atom, the captured pion falls from a highly excited state to 
lower states by electromagnetic Auger and X-ray processes 
which are well understood’. 

The influence of the material in which the pionic atom is 
formed is manifested in several ways. Because the binding 
energy of a pion is proportional to Z”, where Z is the atomic 
number of the nucleus, a pion captured by hydrogen may be 
transferred to a more tightly bound orbit around a nucleus of 
higher Z. This means that deexcitation of pionic hydrogen by 
electromagnetic processes and subsequent nuclear capture of 
the pion by the proton are in competition with the transfer 
process. Experimental studies*” have shown that transfer of 
pions does occur in chemical compounds, mixtures of 
compounds and gas mixtures. Chemical and physical effects 
have been observed?” by measuring the intensities of X-ray 
lines emitted from selected elements in various compounds and 
mixtures and comparing the ratios of the summed intensities of a 
series for the same pair of elements in different materials or by 
comparing the relative intensities of the lines in a series for the 
same element in different materials. 

When a pion reaches the lowest atomic orbits, its distribution 
overlaps with that of the nucleus. A nuclear interaction can then 
take place, causing disintegration of the nucleus and emission of 
short-range charged particles and longer-range neutrons and y 
rays’. The charged particles are heavily ionizing and their energy 
is deposited on top of the pion Bragg peak. The neutron spectra 
produced by pion interactions in carbon and oxygen nuclei are 
rather similar’ but the number of charged particles produced by 
captures on oxygen is less than in captures on carbon and the 
mean energies are lower’®. It is therefore important for pion 
radiotherapy to know accurately the atomic capture prob- 
abilities for negative pions on carbon and oxygen atoms. The 
work by Fowler and Mayes’! and subsequent dose estimates 
have assumed the validity of the Fermi-Teller law” which pre- 
dicts that the probability of capture on an atom in a chemical 
compound is proportional to Z (Z-law). This rule has been 
shown experimentally to fail quite dramatically in inorganic 
materials’**?. 





*Present address: Department of Physics, Mount Vernon Hospital, 
Northwood, Middlesex HA6 2RN, UK. 


Mesomolecular model 


A mesomolecular model of the pion capture process has recently 
ben developed’””*. Its essential feature is that the pion may be 
captured directly into an atomic orbit or may be captured first 
into a molecular orbit in the vicinity of the valence electrons and 
subsequently deexcite to an atomic orbit. We have extended the 
model to include the transfer process from hydrogen’”. 

The ratio per molecule of captures on atoms Z; to captures on 
atoms Z, is given by**” 


ae N,[n, +2110; + h,6,a] 


= 1 
N.[n2+2p202+ h262a | ( 


where N; is the number of atoms of type / in the molecule, n; is 
the number of core electrons, v; is the number of valence 
electrons, w; is the probability of de-excitation from the mole- 
cular orbit to an atomic orbit of atom Z, N,h; is the number of 
hydrogen atoms which are nearest neighbour to (bonded: to) a 
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Fig. 1 A typical X-ray spectrum for organic molecules. This 
example is for malonic acid. 





0028-0836/82/070557—04$01.00 


© 1982 Macmillan Journals Ltd 


558 


Nature Vol. 295 18 February 1982 





heavier atom Z, 5; is the number of electrons participating in the 
transfer process and a is the probability per electron of transfer. 
(This treatment of the core and valence electrons is a 
simplification, valid for light atoms, of that given in ref. 14.) We 
have considered ô; = 1 and 6, = 2r; —1 as extreme pictures"? of 
the involvement of the valence electrons in the transfer process. 

When a = 0 and w; = œw, = 0.5, equation (1) yields the Z-law, 
because n; +v; = Z. When a = 0 and w,, œw- are the same for all 
molecules containing atoms Z,, Z,, equation (1) predicts that 
the relationship between R and N,/N, is a straight line passing 
through the origin. However, if hydrogen transfer is important 
or if w depends on molecular structure, or both, discrepancies 
from a straight line relationship will be seen. When many 
different molecules are contained in the material, the values of 
N; are determined by dividing the proportion by weight of 
element i by its atomic weight. 

For non-polar chemical bonds the mesomolecular model 
yields’ 


w =Z Z; (2) 


and for molecules containing only carbon, oxygen and hydrogen 
this gives wc =0.36, wo~0.64, wu=0. Because the electro- 
negativity, which is the power of an atom to attract electrons to 
itself, is different for different atoms, covalent bonds may have a 
polar character. It has been suggested‘ that this effect will give 
rise to localization of the pion in the molecular orbital near the 
most electronegative atom. For a bond Z,—Z;, the localization 
parameters are defined as p, = 3(1—@), pa =3(1 +a), where Zp is 
the most electronegative atom and 100c is the percentage ionic 
character of the bond. The probability of capture from a 
mesomolecular orbit to an atomic orbit of atom Z, is then given 
by 


w; = pZifipaZ: (3) 


Thus the effect of polarity is to reduce the capture probability for 
the least electronegative atom and increase it for the most 
electronegative one. 


Outline of the experiment 


We have measured the relative intensities of lines in the Balmer 
series emitted by pionic atoms of carbon and oxygen in a range 
of materials'*'°. For some materials we have also measured the 
intensities of the Balmer series in nitrogen. It is not feasible to 
study the pionic Lyman series because of the very considerable 
broadening of the atomic 1s level due to the nuclear absorption 
of pions from this level. For these light elements the nuclear 
shifts and widths of the 2p and higher levels are negligible’, and 
so is the effect of electron screening. 

The experiment was performed with the biomedical pion 
channel” at the TRIUMF Laboratory, Vancouver, using a 
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Fig. 2 Experimental results for the C/O capture ratio R plotted 
against the ratio Nc/No of the number of carbon atoms to the 
number of oxygen atoms. 














Dicarboxylic acids 
Malonic acid n= 
Succinic acid = 2 
Glutaric acid n=3 
Adipic acid n=4 
Pimelic acid n= 
Cyclic acid anhydrides 
Maleic anhydride G, H,O, 
Succinic anhydride C,H,0, 
Glutaric anhydride CGH., 
Saccharides 
D{ +) Xylose C5H, Os 
Di +} Glucose CH0; 
Di +) Mannose C,H,,0, 
Sucrose CoH O 
D{ + ) Trehalose dihydrate C,2H,,0,,:2H,O0 
Carbon dioxide (dry ice} CO, 
Amino acids NH; : CHR.COO”™ 
Glycine Ft a | 
DL-a- Alanine R = —CH, 
pDL-Valine R = —CH(CH,), 
DL-Serine R = —CH,OH 
L-Cysteine = HSH 


Tissue equivalent materials 
Perspex (polymethylmethacryiate: 
Tissue equivalent liquid `° 
Tissue equivalent plastic (A150) °° 


(CHO), 

Water, glycerol, urea 

Nylon, polymethylene, carbon, 
calcium fluoride 


conventional plastic scintillator counter telescope to detect 
pions stopping in the target. An additional coincidence was 
obtained between the stopping signal in the counter telescope 
and a pion time-of-flight signal to reduce false triggers due to 
muon or electron contamination or scattered events. X-ray 
photons emitted from the target were detected using a carefully 
shielded HPGe detector, Signals from the HPGe detector were 
accumulated on a 1,024 channel analyser which was calibrated 
over the range 6-140 keV. Measurements of detector efficiency 
and resolution were performed over the same range. 

A typical spectrum is shown in Fig. 1. The principal source of 
uncertainty in the analysis arose from the determination of the 
peak areas under the pion lines which were determined using a 
version of the y-ray analysis code SAMP O"? The main factors 
influencing the accuracy were the magnitude of the peak 
intensities and the complexity of the spectrum. In general, the 
percentage errors in the total intensities for each element, as 
calculated by SAMP O, were 4-7%. No background subtrac- 
tions, other than those performed by SAMP O, were needed. 
The total intensities for nitrogen were subject to much larger 
errors because the nitrogen content was low and the principal 
nitrogen line overlapped with a carbon line. It was particularly 
important to correct the individua! X-ray intensities for self- 
absorption in the target, but the uncertainties introduced by this 
correction was <1%. The errors shown in Fig. 2 are the 
standard deviations arising from all sources. 

It is assumed that the summed intensities of the lines in the 
Balmer series is proportional to the atomic capture probability. 
The validity of this assumption is discussed below. 


Choice of target materials 


Table 1 lists the target materials and their chemical composition. 
The rather difficult measurement with dry ice was attempted 
because it was important to study a molecule containing carbon 
and oxygen but no hydrogen. However, the main emphasis of 
the experiment was on the ratio of captures in carbon and 
oxygen and the effect of hydrogen transfer, and therefore most 
of the samples consisted of molecules of carbon, oxygen and 
hydrogen. These molecules were chosen because of their biolo- 
gical importance and also to vary the C/O ratio and the number 
of OH and CH bonds. The character of the amino acids is 
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strongly influenced by the side-chain R; the form of R for the 
chosen amino acids is given in Table 1. Certain amino acids and 
saccharides are strongly lyoluminescent, that is, they emit light 
when dissolved after irradiation in the dry state, and this pro- 
perty has potential applications in dosimetry. Because of the 
importance of the results for the pion radiotherapy programme, 
several targets composed of animal tissues were irradiated. The 
targets comprised fat, muscle, brain, kidney, liver and lung from 
a freshly killed pig and samples of fat and muscle from a second 
pig. The elemental composition of these samples was obtained 
by chemical analysis before and after irradiation. No significant 
changes due to irradiation were noted. Several tissue equivalent 
materials used as muscle substitutes’, such as perspex, tissue 
equivalent liquid and tissue equivalent (A150) plastic, were also 
used. The special features of this part of the experiment are 
described eleswhere”®. 


Results 


The experimental ratio R of captures in carbon to captures in 
oxygen is plotted in Fig. 2 against the ratio Nc/ No of the number 
of carbon atoms to the number of oxygen atoms in each mole- 
cule, for those molecules containing only C, O and H. It is 
evident that although the expected trend of increasing capture 
ratio with increasing N-/ No is present, the results do not fall on 
the same straight line. The Z-law is clearly inadequate. The 
largest discrepancy is an overestimate of 95% for carbon diox- 
ide. For most, but by no means all, the organic molecules the 
Z-law gives discrepancies of 20-25%. 

The result for carbon dioxide is particularly important 
because the question of hydrogen transfer does not arise. Using 
equation (1) with hc = ho = 0, we find the best value of wc to be 
wc=0.19+0.06, with the restriction that wc+wo=1. This 
result is very important as it suggests that equation (2) is not 
appropriate. The explanation for this result can be found by 
using the value of the ionicity of the carbon—oxygen: bond to 
obtain the localization factors. For a single bond e = 0.22 (ref. 
20), which yields po=0.39, po=0.61 and wc=0.26. But 
because carbon dioxide contains double bonds, it may be more 
appropriate to take ø = 0.44, which yields pc = 0.28, po = 0.72 
and hence wc = 0.21. Thus the downward shift of wc is a clear 
indication of the influence of the polarity of the bonds and the 
sensitivity of the atomic capture ratio to the electronic dis- 
tribution in the molecule. 

Inclusion of hydrogen transfer is not straightforward because 
we have as yet only plausible pictures of the process and no 
quantitative theory which predicts the values of the parameters. 
We have made y’ fits to the data, for each group of similar 
molecules and for the whole set. The parameters were.con- 
strained so that OXwe<1, O<a <1, wctwo= 1. This yields 
the parameters given in Table 2, with 6 =2»—1. When (wet 
Wo) is allowed to fall below unity, to allow for a significant value 
of wy, there is no significant change in the results. When 6 = 1, 
the agreement with the data is comparable but in all cases 
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Table2 Values of wc, ac and ao obtained by fitting the data and assuming that 
WotWo=1,6=2r-1 





2 


We ac . ao X 
Acid anhydrides 0.25 0.258 9 0.98 
0.335 0.130 i 0.00 
Dicarboxylic acids 0.25 0.340 0.340 2.90 
0.306 0.256 0.256 2.75 
0.325 0.265 0.513 2.75 
Saccharides 0.25 0.192 0.192 4.03 
0.375 0.00 0.00 4.00 
0.415 0.00 0.285 3.98 
All the above 0.25 0.266 0.266 5.40 


0.263 0.247 0.247 5.39 
0.290 0.254 0.591 4.85 
sa a a 
The first row for each group corresponds to the constraints wc = 0.25, ac = dq 
and the second row corresponds to the constraint ac = 4o with wc varied. For the 
third row, all three parameters are varied. 
*No transfer occurs to oxygen. 
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Table 3 Values of R,,, divided by Rincon, for capture ratios in the amino acids 


C/O capture ratio 


Rest R z-ww Rel R nolecular model , 
Amino acid (wo = wc =0.5, (wc =0.25, wo = 0.38, 
target a=0} ac = 0.16, ag = 0.24) 
Glycine 0.77 + 0.04 0.85+0.05 
Serine 0.77+0.05 1.00+0.06 
Cysteine 0.95+0.10 0.97+0.12 
Alanine 1.01+0.05 1.0420.06 
Valine 1.11+0.06 1.08 + 0.06 
N/O capture ratio 
loo = wy = 0.5, (æn = 9.37, wo = 0.38, 
a=0) ayn = 0.066) 
Glycine 0.95+0.26 0.86+0.23 
Serme 1.07+0.28 1.00+0.23 
Cysteine 1.59+0.45 — 
Alanine 1.21+0.27 1.10+0.25 
Valine 1.07+0.23 1.00+0.21 





wc = 0.36 so that this model would not yield agreement with the 
result for carbon dioxide. If, however, we allow a > 1 an overall 
description can be obtained with a lower value of wc. This can be 
seen from the last line of Table 2 where ôcac= 89a0= 1.77. 

The results for perspex and TE liquid can be reproduced 
exactly with wc = 0.25, dc = do = 0.21, whereas the Z-law pre- 
diction is too high in both cases. The values wc =0.25, ac= 
0.266 give excellent agreement” with experimental results for 
cellulose acetate and mylar obtained at SIN, Zurich”. 

For the amino acids, we have used the value wc= 0.25 
deduced as an average value for other molecules (see Table 2). 
Quite good agreement for the C/O capture ratio is then 
obtained with wo = 0.38, ac =0.16, ao = 0.24, as can be seen ` 
from Table 3. Assuming that J; w; = 1, we infer that ey = 0.37 
for the amino acids containing C, N, O, and H only (excluding 
cysteine). This yields excellent agreement with the data for the 
N/O capture ratios, with ay = 0.066. 

The results for the C/O capture ratio in the muscle samples 
from the two pigs are in very good agreement. The results for the 
fat samples are quite different because the samples represent 
different kinds of fat from different parts of the animal. The 
sample of subcutaneous fat, which may contain muscle frag- 
ments, gave results consistent with the other tissues’. Taking 
the average of the C/O capture ratios for the tissue samples, we 
obtain 


Rep ™0.58Rz-1aw- 


Inserting this value into equation (1), neglecting hydrogen 
transfer and assuming wc + wo = 1 (the nitrogen content is low), 
we obtain wo = 0.23 +0.04 which is in good agreement with the 
results for the organic molecules. The tissue equivalent materi- 
als give quite different results for the C/O capture ratio in the 
sense that R..p/Rz-taw is 0.82 (TE liquid), 0.96 (perspex) and 
1.66 (TE plastic). 

The large deviations from the Z-law for cysteine, TE plastic 
and pig tissues are almost certainly due to the presence of 
additional elements, such as S(cysteine), F, Ca (TE plastic), 
minor and trace elements (tissues). 


Comparison with muon data 


Similar measurements have previously been made with 
muons® 1212324 and also show significant departures from the 
Z-lew. Because muons are not strongly interacting, the data are 
generally easier to interpret. However, there are reasons why 
the capture ratios for pions and muons may not be identical. We 
have assumed that the summed intensity of the Balmer series is 
proportional to the total capture probability for a particular 
element, while for muons it is assumed that the same is true for 
the Lyman series. Both assumptions will be valid if the cascade 
process leads to a low population of the 2s state and higher np 
states (n > 2). Cascade calculations for isolated atoms confirm 
that this is indeed the case, but formation of molecular orbitals 
could change the selection rules at the beginning of the cascade. 
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(Theoretical investigation of this point is in progress.) But to 
produce ‘any significant error in our assumption, the effect would 
need to be significantly different in carbon and oxygen and there 
is experimental evidence that this is not the case for pions (H. 
Koch, personal communication quoted in ref. 22). There is also 
the more important possibility that direct nuclear capture of 
pions by hydrogen can occur from highly excited molecular 
states'*'*, The contribution of transfer of pions from hydrogen 
to heavier atoms would then be reduced in comparison to 
transfer of muons. 

From previous measurements” of muon capture in tissues 
and tissue equivalent materials we have taken the concept of 
transfer from hydrogen to the nearest heavier atom but the 
particular model used, with 5=1, does not give the best 
description of our data. Furthermore, there is a factor of three 
discrepancy between the muon results reported for pig fat??? 
A detailed comparion with the pion and muon data, including 
muon measurements made as part of our experiment, are given 
elsewhere’® and indicate that there are sufficient differences to 
make this detailed study of pion data necessary. 


Discussion 


The results for tissues and tissue equivalent materials are of 
considerable practical importance because the ratio of captures 
in carbon to captures in oxygen in real tissues is very much less 
than has hitherto been assumed. Our results confirm the 
suggestion” that materials which are tissue equivalent to X rays, 
electrons and neutrons are not tissue equivalent for pions. This is 
clearly due to major differences in molecular structure. 
Hitherto, only atomic and nuclear properties, such as electron 


Received 17 August; accepted 30 December 1981, 


1. Gershtein, S$. S. & Ponomarev, L. I. Muon Physics Vol. 3, Ch. 7 (Academic, New York, 
1975), 
2. Fermi, E. & Teller, E. Phys, Rev. 72, 399 (1974). 
3, Barrett, R. C. & Jackson, D. F, Nuclear Sizes and Structure, Chs 4, 9 (Clarendon, Oxford, 
1977). 
4, Petruhkin, V. L, Risin, V. E. & Suvorov, V. M. Soviet J. nuel, Phys. 19, 317 19749, 
5. Petrubkin, V. L, Risin, V. E., Samenkova, I. F. & Suvorov, V. M. Soviet Phys. JETP 42,955 
(1976). 
6. Tauscher, L. et al, Phys. Lett. YTA, $81 (1968). 
7. Grin, G. A. & Kunselman, R. Phys. Lett. 318, 116 (1970). 
8. Jackson, D, F. & Brenner, D. F, Progress in Particle and Nuclear Physics Vol. 5, Ch. 4 
(Pergamon, Oxford, 1981}. 
9, Klein, U. et al, Nuci, Phys. A329, 339 (1979), 
10. Mechtersheimer, G. et al. Nucl. Phys, A324, 379 (1979). 


Nature Vol. 295 18 February 1982 


density, effective atomic number and neutron cross-section, 
have been taken into account in defining tissue equivalence. 

The Z-law, and its variations, fail to fit the data. The 
mesomolecular model contains an essential new feature’?>—the 
redistribution of the contribution of the valence electrons— 
because in general n; + 2v,w, # Z, The probability w for atomic 
capture from the molecular orbit is not proportional to Z?: 
instead it seems that œw is sensitive to the electronic structure of 
the molecule in a manner which relates to the localization of the 
mesomolecular orbital near to atoms of high electronegativity. 

Hydrogen transfer is essential for a quantitative description of 
the data. The choice 6 = 2v ~1 may be preferred and different 
transfer parameters for CH and OH bonds may be indicated. 
Clearly the transfer parameter a is very sensitive to molecular 
Structure but further work will be needed to give complete 
understanding of the transfer mechanism. 

It had been suggested that muonic X-ray analysis can be used 
for bulk elemental analysis**. Our results suggest, in contrast, 
that pion capture (and probably also muon capture) is a sensitive 
means of probing molecular structure in complex materials. It 
should be very sensitive to changes brought about by substitu- 
tion of one atom by another of a different element or when 
bonds are broken, for example, by radiation damage. 
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their return to a food source 
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Bees trained to forage at a place specified by landmarks do not construct a cartesian map of the arrangement of landmarks 
and food source. Instead they store something like a two-dimensional snapshot of their surroundings taken from the 
food source. To return there, bees move so as to reduce discrepancies between the snapshot and their current retinal 


image. A computational model embodying 





HONEY BEES can learn the position of a source of sugar by 
reference to nearby landmarks (reviewed in ref. 1), We describe 
here what bees seem to learn about the spatial layout of land- 
marks and how this information might guide their approach to 
the source. Our experimental results strongly support earlier 
proposals’ that to identify a place to which it will return an 
insect learns no more than the appearance of the landmarks 
viewed from that spot—just as though it takes and stores a 
panoramic snapshot of the landmarks from that position. Then, 
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these 
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principles mimics the bees’ behaviour. 


to find its way back, it compares the image on its retina with the 
stored snapshot and moves until the two match. It is not 
immediately obvious that this hypothesis can work, and we have 
therefore developed a computational model to show that it does. 


Bee tests 


Single marked bees were trained to fly through an open window 
into an experimental room (floor area 4 mx 4 m) to collect sugar 
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Fig. 1 a, Distribution of a single bee’s flight time within the area surveyed by the camera when trained to a food source 50 cm from a single 

cylindrical landmark and tested with the same-sized landmark (4 cm diametez and 40 cm high). The position of the food source during training is 

marked by ‘F’ on the x and y axes. The position of the base of the landmark is indicated by filled circles. Height shows relative times spent in 

different regions of the testing area. Lines on grid are 8.7 cm apart. b, Distribution of bee’s flight time when trained and tested with three 
landmarks in the standard array described in Fig. 2. 


solution from a small reservoir (diameter 1.5 cm) on the floor. 
The room was painted entirely white, except for random green 
markings on the floor to help the bee stabilize its flight, and the 
window was covered by white sheeting. The location of the 
reservoir was indicated by the position of one or three matt black 
cylindrical landmarks standing upright on the floor. The bee 
returned to the room every 5 to 10 minutes. To encourage the 
bee to associate the food source with the landmarks, between 
visits the whole arrangement of cylinders and reservoir was 
shifted in register to a new position, without changing its orien- 
tation. 

After a day of training with a standard array, tests were 
conducted at ~40-min intervals. The food source was then 
removed and the flight path of the bee recorded for 2 min by an 
overhead video camera suspended on runners fixed to the 
ceiling. The camera surveyed an area of floor 2.7 mx2.7 m 
centred on the position of the missing reservoir, and the testing 
site was varied systematically within the room. Sometimes the 
size, number or spatial arrangement of landmarks was altered 
between training and the subsequent test. An individual bee was 
given several types of test, each replicated 5-10 times. Each type 
of test was conducted on at least two bees. 

The position of a bee was recorded every 100 ms from the 
video tape and the results from 5-10 tests of the same type are 
combined to show in Figs 1 and 2 how an individual bee 
distributed its time in the vicinity of the landmark array. Our aim 
was to infer from the bee’s searching pattern where it thought 
the reservoir was to be found, and from this to deduce what it 
knew about the arrangement of landmarks. 

When a bee was trained to a food source at a constant distance 
from a single cylindrical landmark, and then tested with the food 
source removed, it searched roughly where it had previously 
foraged with respect to the landmark (Fig. 1a). Although a 
radially symmetrical landmark does not define direction, the bee 
does not fiy in a circle around the landmark, implying that some 
other cue (possibly the window) must specify in which direction 
from the landmark the food lay. Tests with single landmarks 
smaller (or larger) than the training size result in a search area 
shifted closer to (or further from) the landmark (ref. 5 and 
B.A.C. and T.S.C., in preparation). This suggests that the bee 
has not learnt the distance between landmark and food source 
but rather how large the landmark appears when viewed from 
the food source, and also that to find the reservoir the bee flies to 
where the image of the landmark on the retina is of the right size. 

Experiments using three landmarks, when the search area is 
rather more sharply defined (Fig. 1b), reinforce these 
conclusions. If a bee is trained to a particular configuration of 
landmarks and then tested with a different spatial arrangement 
of those same landmarks, it always searches in an area where the 
inter-landmark angles (as shown in Fig. 2) are the same as when 
seen from the food source. The actual distances of the landmarks 


from each other or from the search area are of minor 
importance. 

Figure 2a, b shows a bee’s search area when it was confronted 
with an array in which the distances between landmarks differed 
from those with which it was trained. The bee spent most of its 
time where the inter-landmark angles matched those 
experienced during training. Furthermore, if the test configura- 
tion was such that a bee could search where either the distances 
from the landmarks or the inter-landmark angles were correct, it 
chose to do the latter (Fig. 2c). 

A bee tested with cylinders that were larger or smaller than 
the ones used in training also searched where the inter-landmark 
angle was approximately correct. Figure 2d illustrates that this 
behaviour persists for very dramatic changes of landmark shape 
and size, when cubes with 30-cm edges were substituted for the 
training cylinders (4 cm diameter, 40 cm height). We conclude 
that to a bee the most important feature of the landmark array is 
the retinal position of the landmarks as seen from the ‘food 
source. 

At first sight, the bees’ neglect of landmark size would seem to 
conflict with their behaviour when they are trained to a single 
landmark and its size is changed. However, whatever the size of 
a single test landmark, a bee can always find a position where 
there is a perfect match between its ‘snapshot’ and the retinal 
image of the test landmark. But with three landmarks both their 
sizes and the distances between them must be changed in a 
coordinated way for a position to exist where retinal image and 
snapshot are congruent. If just one of these parameters is varied, 
then wherever the bee searches there will be some degree of 
mismatch. Simple geometry suggests that in this case the retinal 
sizes of landmarks should carry less weight than the angles 
between them, because the inter-landmark angles are much 
larger than the angle subtended by the landmark itself. Thus, 
were the bee to station itself where the angle subtended by one 
of the landmarks is correct, the positions of the other landmarks 
on its retina would be very wrong. 

It seems, then, that a bee will search within a circumscribed 
area without requiring a perfect match between its postulated 
snapshot and its current retinal image. This can be shown in 
another way by testing bees with landmarks added to or taken 
away from the training array. Figure 2e shows that with two 
extra landmarks the bee’s search area, although slightly larger 
than normal, is roughly in its usual position. When a bee was 
tested with any of the three landmarks removed, it still spent 
most of its time looking where the inter-landmark angle formed 
by the remaining two landmarks was the same as it was during 
training (not illustrated). This test also demonstrates that the bee 
must learn the sizes of the landmarks, for it is only their size that 
tells the bee whether or not the two remaining landmarks are 
neighbours and whether the inter-landmark angle should be 60 
or 120°. 
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Fig. 2 Tests with three land- 
marks. The training configur- 
ation is shown in plan view in the 
left-hand column. The food 
source was placed 76cm from 
each landmark at the intersection 
of the three lines drawn from the 
landmarks. Inter-landmark 
angles refer to the angles 
between these lines. In a and b, 


the cylinders were 5cm in 
diameter and 50 cm high. In c to 
f they were 4cmx40cm. Each 
p 4 row of the figure presents a pair 
È A A, of test arrays. The left half shows 
| . where a single bee searched when 
i presented with the training array. 
pe On the right is the same bee’s 
f search area when presented with 
a variant of the training array. 
The hatching represents the 
search area defined as those 
squares within the test area (as 
in Fig. 1) that are at least 80% 
as high as the peak value. a, 
Distance between landmarks 
af doubled; b, distance halved; c, 
| landmarks arranged so that bee 
could search either where the 
o] inter-landmark angles or where 
the distances from the landmarks 
Pa were the same as during training; 
a we a d, cubes substituted for cylinders; 
aL N e, cubes added to landmark 
i ~e array; f, landmark array rotated 
| o through 30° from training 
j orientation, The point of inter- 
section of the lines in the right- 
hand column show where the bee 
would need to search to see the 
same inter-landmark angles that 
it experienced when foraging at 
the food source. This is generally 
. where the bee spends most of its 

im time. 
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The snapshot model 


All the above findings argue that the representation of land- 
marks in the bee’s memory can be described in terms of a 
snapshot taken from the food source (see also ref. 1 for some- 
what similar experiments on desert ants). The bee does not seem 
to be equipped with anything akin to a floor plan or cartesian 
map. We have therefore explored how well a model bee can 
guide itself using a representation of this kind. The basic idea is 
that the direction in which the bee moves at any moment is 
governed by the discrepancy between the snapshot and its 
current retinal image (Fig. 3). 

To construct such a model we must make assumptions about 
the way images are coded in the visual system and the snapshot. 
In part these are arbitary. However, we have some evidence that 
the most important features of the retinal image are the edges 
between the dark landmarks and the light ground (B.A.C. and 
T.S.C., in preparation). Accordingly, in the model the retinal 
image consists of edges lying on a circular retina and the 
snapshot is represented in a compatible way (Fig. 3). The 
positions of the edges on both retina and snapshot are defined as 
compass bearings with respect to Earth-based coordinates. This 
assumption is supported by several experimental results, F irst, 
the tests with single landmarks (Fig. 1a) imply that cues external 
to the landmark specify the direction of the food source from the 
landmark. Second, when bees were tested with a three-land- 
mark array rotated by 90° from the training orientation, the 
search area shifted away from the position predicted by the 
inter-landmark angles experienced during training. Third, bees 
find it difficult to use landmarks if, during training, the array is 
rotated between each of the bee’s foraging visits. The simplest 





Nature Vol. 295 18 February 1982 


way to picture how edges in the snapshot can be given Earth- 
based coordinates is to suppose that the snapshot is fixed in the 
bee’s head and that the bee always maintains the same orien- 
tation. This is not in fact so, and one needs to assume that as the 
bee turns, the snapshot counter-rotates. 


Algorithms for calculating flight direction 


We have examined two algorithms for generating the bee's 
direction of flight. These were programmed in Basic and run ona 
PDP8/a computer. The first, the simplest we could devise, fails 
to mimic all the bee’s behaviour, but the second and more 
elaborate version performs very much as real bees do. 

In the first algorithm (Fig. 4a) a unit vector is associated with 
each edge in the snapshot. The direction of the vector depends 
on the bearing of the closest edge of the same sign (that is, 
dark~light or light-dark) on its retina. Imagine each edge in the 
snapshot putting out an extensible arm to reach the nearest 
retinal edge. Once the edge is located, a unit vector is generated 
lying perpendicularly to the bearing of the retinal edge and 
pointing away from the paired edge in the snapshot, tending thus 
to align the two edges. These unit vectors are then summed, in 
the conventional way for adding vectors, to give the bee’s flight 
direction. As the bee moves through the field of landmarks, it 
will continually update its direction as the edges shift over its 
retina, Note that it is not necessary for all edges in the retina to 
be matched to partners in the snapshot. Some may have more 
than one partner and others none at all. Furthermore, the bee is 
not required to assess the goodness of fit between its snapshot 
and the retinal image. 

Figure 4b shows the computed vector directions for different 
points within the field of landmarks for a bee which is trained 
and tested with the same array of three landmarks. If the 
algorithm is to be successful, then from any starting point the 
vectors must lead the bee to the food source. The extent to which 
this is the case is shown in Fig. 4c. For most starting points the 
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Fig. 3 The snapshot model. Positions of images of landmarks on 
circular retina (outer circle) and in snapshot (inner circle} viewed 
from two points within the landmark array as shown by crosses. a, 
Distance from food source; b, at food source, where snapshot and 
retinal image match. The aim of the model is to move the insect 
from a to b using the discrepancy between retinal image and 
snapshot as a guiding cue. Note that positions of edges on the 
circular snapshot and retina are compass bearings with respect to 
external coordinates. Frame round landmark array shows area 
viewed by video camera. 
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Fig.4 Two algorithms for transforming retinal image to snapshot. a, Edge algorithm. Each edge in snapshot paired with closest edge on retina. 
Unit vector, shown by arrows around outer circle, is associated with each pair and lies perpendicularly to edge on retina, pointing away from edge 


in snapshot. Larger arrow in centre of circle shows flight direction of bee obtained by summing the unit vectors. b, The flight direction for different 
positions of the bee within landmark field, computed as outlined in a. Model bee trained and tested with landmark configuration of Fig. 3. c, 


Positions of end points are shown by cross-hatching. The bee is started 
shown in b until it stops. d, Bisector algorithm. Unit vectors of positio 
angular component by radially aligned arrows (details in text). e, V 


at different positions within the landmark field and it follows the vectors as 
nal component shown by arrows lying tangentially to outer circle, those of 
ector field for bisector algorithm. f, Position of end points for bisector 


algorithm. - 


bee does indeed end up at the food source. However, there are 
mishaps which arise because partial matches exist. There is one 
position within the field, for instance, where the two outer 


landmarks form. an inter-landmark angle of 60°. The bee is. 
trapped there because within a region on either side the vectors 


have opposite directions, pointing ‘towards the partial match. 
Real bees do not’ make this mistake. The algorithm’s per- 
formance can be improved if it takes into account the amplitude 
` of the summed vectors. However, it still does not work in all the 
situations we have tested. In particular it fails if the array of 
landmarks is rotated by 30° from the orientation to which the 
bee was trained—a situation with which the bee can cope (Fig. 
2f). Because the algorithm depends on the positions of edges 


defined with respect to external coordinates, a changed orien- ` 
tation of the landmark array will generate several points in the 
field where the edges of two landmarks can be roughly matched 
with edges in the snapshot, but none where all edges can be 
correctly matched. E 

To overcome these problems the second algorithm requires 
the bee to assess not only the position of each edge, but also the 
angular distance between them (Fig. 4d ). Its first step is to decide 
on the basis of the signs of neighbouring edges whether the 
angles between them are dark or light. It then measures the size 
of each dark and light angle in the snapshot and on the retina, 
and locates the positions of their bisectors. Next, éach bisector in 
the snapshot searches out the closest bisector on the retina with 
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the same sign (dark or light), so pairing angles in the snapshot 
with angles on the retina. As in the first algorithm, a unit vector 
(the positional component) is associated with each pair, tending 
to move the bee perpendicularly to the bearing of the bisector on 
the retina, pointing away from the bisector in the snapshot (or 
toward it if the retinal angle is greater than 180°). The additional 
feature of this algorithm is a second unit vector (an angular 
component) which depends on the differences between the sizes 
of the paired angles. This vector faces centripetally along the 
bisector on the retina if the angle in the snapshot is the smaller, 
and centrifugally if it is the larger. It thus takes the bee away 
from retinal angles that are too big and towards those that are 
too small. All the component vectors are then summed to 
determine the bee’s flight direction, which is shown by the arrow 
in the centre of Fig. 4d. 

Figure 4e illustrates the directions of the summed vectors 
within the standard three-landmark array. The improvement 
over the first algorithm is obvious: there are paths from all points 
to the food source, and when the bee is flown from different 
starting points it now always finishes there (Fig. 4f). It is easy 
to see that neither the positional nor the angular component of 
the summed vector would by itself be sufficient to locate a food 
source specified by a single landmark, although either can do so 
when there are three landmarks. With one landmark the posi- 
tional component defines direction but not distance, so that the 
bee would search along a line originating at the landmark and 
passing through the food source. The angular component, on the 
other hand, only specifies distances and would leave the bee 
flying in an annulus centred on the landmark. The two acting 
together are needed to identify the intersecting point. 

This algorithm copes with all the one- and three-landmark 
tests we have tried, including those with landmarks added or 
deleted. The 30° rotation of the three-landmark configuration 
on which the first algorithm founders is taken care of by the 
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angular component. However, to prevent aberrant solutions, 
the angular component must be given a greater weighting than 
the positional one (3:1), a weighting which works in all situa- 
tions. When the landmark array was rotated through 90° from 
the training orientation, the search area was displaced for the 
model, as it was for real bees. 

The algorithm will not only move bees to the right position 
within an array of landmarks, but it will also bring a bee 
successfully to a foraging position in the centre of a ring of eight 
landmarks from points well outside the circle, as in tests with real 
bees’. 

The model does not specify how directional information is 
abstracted, The information is assumed to be provided by an 
independent system. We have attempted, but failed, to generate 
a simple alternative model in which direction can be automati- 
cally obtained from an array of close and distant landmarks. 

Despite the success of the model in our artificial environment, 
it is rash to conclude that this is how bees operate in the real 
world. For a start, sensory processing is undoubtedly more 
complicated than we have allowed it to be here. However, what 
does seem to be certain is that bees do not need a three- 
dimensional representation of their immediate surroundings in 
order to use nearby landmarks to locate a food source. A much 
simpler model will work: one in which the bee is not required to 
identify landmarks as such, or even to separate figures from the 
background. There is, of course, a price to be paid for simplify- 
ing one’s visual world in the way the experiments suggest that 
the bee has done. It is that the bee can only use the information 
provided by its snapshot of the landmarks to return to the food 
source. The snapshot provides it with no means of navigating to 
anywhere else within the array of landmarks. 
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Rate of turnover of structural variants 
in the rDNA gene 
family of Drosophila melanogaster 
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A high degree of polymorphism for the length and copy number of rDNA spacers, in bath the X and Y chromosome clusters, 
has been found in a wild population of Drosophila melanogaster. The genetic behaviour of rDNA structural variants in 
separate and mixed populations derived from isofemale lines suggests that they are not subject to strong selection and are 
stable for over 1,000 generations. The high structural variability suggests an evolutionary rapid process of turnover in the 
family which could partly explain widespread sequence homogeneity (concerted evolution) of (DNA within a species. 
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SEVERAL studies on the evolution of tandem and interspersed 
repeated DNA families have revealed an unexpected greater 
family homogeneity within than between species. This 
phenomenon is known as concerted evolution and has been 
observed in a wide variety of genic and non-genic families. 
The degree and extent of homogeneity in each species cannot 
easily be understood solely in terms of natural selection and 
drift, and is more probably the result of molecular mechanisms 
of homogenization (see refs 1-3 for reviews). Smith* and Ohta‘ 
have described the possible dynamics of homogenization in 
tandem arrays based on the mechanism of unequal exchange; 
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and others’ * have discussed the potential of gene conversion for 
homogenizing tandem and interspersed families. Mechanisms of 
homogenization probably have a significant role in shaping the 
evolutionary progress of a family of genes and it is important to 
understand the extent and rates of these mechanisms. 

Unequal chromatid exchange has been shown to be taking 
place in the arrays of sequences coding for ribosomal RNA 
(rDNA) of yeast”'® and Drosophila'’" (for reviews see refs 1, 
14-16). In the rDNA of Xenopus? and Drosophila, unequal 
exchange in and between the spacers generates variation in 
length and copy number of these regions. Using such structural 
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Fig. 1 Map ofa repeating unit of ribosomal genes in D. melanogaster (see 
ref, 16 for review). 185 and 28S code for RNAs. ETS and ITS are external 
and. internal transcribed spacers respectively. The nontranscribed spacer 
(NTS) appears as a line. About 50-60% of rDNA repeats of the X 
chromosomes have type 1 insertion sequences in the 28S gene. The length 
~ and direction of the primary transcript is shown by an arrow. The pDm238 
probe is an EcoRI fragment cloned into the plasmid pBR322 and was a kind 
gift of D. Glober*’. The type 1 intron probe, pC225, contains 5 kb of the 
. type 1 insertion cloned into pBR322 and was constructed by S. Kidd**. The 
` spacer probe, pDm103HH2, is a HindIII/ Haelll fragment subcloned from 
cDm103** into the plasmid pAT153. The restriction sites are: V, EcoRI, A, 
Haelll; t Hindli; Y, Alul. The position of only those sites in, or flanking, 
the NTS are shown for Haelll, HindIII and Alul. 


features it is possible to assess the rate of unequal exchange and 
the stability of its products by examining rDNA structural 
polymorphism in genetically defined populations. Here we 
present the data on natural variation within and between 
individual X and Y chromosome rDNA clusters from a popu- 
lation of D. melanogaster flies, collected from a single water- 
melon. We have also examined the genetic progress of each X 
and Y rDNA type of organization in separate and mixed popu- 
lations derived from the wild-type founders. 


Nontranscribed spacer length and copy 
number polymorphism in a wild population 


In D. melanogaster the 18S and 28S rRNA genes are present in 
250 tandem repeats in each nucleolus organizer (NO) of the X 
and Y chromosomes. The organization of the repeating unit is 
shown in Fig. 1. 

The isofemale lines of D. melanogaster used in this study are 
derived from females collected in 1970 from around a single 
watermelon in Oklahoma (OK. lines)'’. The first laboratory 
generation from each female was divided into two sublines—a 
and b. Analysis of rDNA from females in OK. lines 1 and 19 in 
1978 Showed differences in restriction pattern between the 
lines’. 

To examine the full extent of the natural variation we have 
analysed rDNA organization after 230 generations in each 
subline for OK. lines 1-10. Variation in length and copy number 
of the nontranscribed spacer (NTS) was investigated by probing 
Haelll-digested DNA with a NTS cloned probe pDm103HH2 
(Fig. 1). Haelll restriction of pDm238 produces a 5.1 kilobase 
(kb) fragment containing an intact NTS together with a small 
part of the 28S gene and part of the external transcribed spacer 
(ETS) (Fig. 1). To ensure that only a single NO cluster from each 
line was being examined, XO male rDNA was analysed by 
mating single males from the OK. lines to XX/O females and 
collecting the male progeny. Haelll digests of XO male DNA 
from each subline of OK. lines 1-10, probed with NTS clone 
pDm103HH2, reveal extensive variation between the lines 
(Fig. 2). 

Independent extraction and analysis of XO males derived 
from the same XY male parent always produced the same 
Haelll pattern, confirming that the variation is not an artefact of 
partial digestion. HindIII and EcoRI digests suggest that the 
Haelll fragment length variation is due to changes in NTS 
length (data not shown). 

DNA from diploid tissue of larval brains of OK. lines la, 2a, 
3a and 5a was digested with Haelll and probed with the NTS 
clone. The pattern characteristic of the adults from each line 
could be identified. Differences between rDNA arrays are not 
therefore due to differences in polytenization of rDNA units of 
the sort described by Endow’”. | 

The contribution of intron-containing repeats to the variation 
in rDNA organization was investigated by probing EcoRI 








digests with a type I intron clone pC225 (see Fig. 1). Only 
comparatively small differences were revealed betweerf the OK. 
lines (data not shown), confirming changes in NTS length and 
abundance as the major source of polymorphism. 

To examine the molecular basis for NTS number and length 
heterogeneity, a repetitive sequence region in the NTS was 
investigated by digesting DNA from XO males, carrying the 
same X chromosomes as analysed in Fig. 2, with Alul (Fig. 1) 
and hybridizing them to the NTS probe. This experiment 
revealed the expected 250 base pair (bp) Alul band plus a 1.4 kb 
band corresponding to the right-hand fragment, and several 
higher molecular weight bands, presumably from the left of the 
repetitious Alul region (Fig. 3). The hybridization patterns 
clearly show that the most abundant lengths of the left- and 
right-hand flanking sequences fall between 1.4 and 2.4 kb. 
However, the Haelll digests of these chromosomes show that 
the rDNA from lines 1a, 4a and 9a have some NTS fragments 
>9 kb long (Fig. 2). The absence of any large right- or left-hand 
Alul fragments flanking the internal 250 bp repetition in these 
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Fig. 2 Hybridization patterns of X chromosome rDNA from the a and b 
sublines of Oklahoma lines 1-190 in an autoradiograph of Haelll digests of 
XO male DNA that have been fractionated on agarose gels, transferred to... 
nitrocellulose and hybridized to a **P-labelled clone, pDml03HH2, — 
containing the NTS. Each track contains the DNA of four XO male progeny” 
from a cross between an OK male and an XX/O female. The various. 
hybridization patterns have been classified into seven types (A-G). Indis-. 
tinguishable sublines are underlined. Haelll-digested pDm238 hybridized 
to the same probe is shown on the left for comparison. XO males were 
constructed by mating OK. males with females froma CIDA, y/O/YXY*, 
In(DEN, B y stock obtained from M. Ashburner. Progeny were checked to 
ensure that ali females had a yellow and males a-wild-type body colour. Some... 
of the males were also checked for sterility. The remaining males were 
collected and stored frozen at —70°C for up to 6 months, In all. cases DNA’: 
was extracted from the flies by a modification of the method of .D. Ish- 
Horowicz (personal communication). Four flies were gently homogenized in 

a 1.5 ml microfuge tube containing 100 wl of 10 mM Tris, 60 mM NaCl, 5% 
sucrose, 10 mM EDTA, pH 7.5. 100 wl of 1.25% SDS, 0.3 M Tris, 0.1 M 
EDTA, 5% sucrose, 0.8% diethyl pyrocarbonate (freshly mixed), pH 9 were 
then added. After a 30 min incubation at 65°C, 30 pl of 8M potassium 
acetate were added and the mixture kept on ice for 45 min. The precipitate 
was spun down for 5 mimin an Eppendorf centrifuge 5412 and the super- 
natant added to 2 vol of ethanol. After standing for 5 min at room tempera- 
ture the ethanol precipitate was spun down for 10 min in the Eppendorf 
centrifuge and the supernatant discarded. The pellet was resuspended in 
100 ul of 0.1 x SSC, 0.2% diethyl pyrocarbonate (freshly mixed) and left to 
stand at room temperature for 30 min; three volumes of ethanol were then 
added and the mixture left at room temperature for a further 5 min. The 
DNA was spun down for 10 min in the Eppendorf centrifuge and washed 
with 70% ethanol. Residual ethanol was removed by drying the precipitate 
in a dessicator for 30 min and the DNA was dissolved in 15 ul of 3 mM 
Tris-HCl, pH 7.5, at room temperature overnight. The DNA was digested in 

a final volume of 25 pi with restriction endonuclease Haelll (BRL) after 
adding 0.2 ug of M13 DNA as a marker and 2 pl of RNase A (Sigma) at 

1 mg ml"! (preboiled for 10 min). Hael digests were in 50 mM Tris-HCI, 
pH 7.6, 5mM MgCl,, 1 mM dithiothreitol, Digestion was with 2-3 U of 
enzyme for 2h at 37°C, followed by 10 min at 65°C to inactivate the 
endonuclease. Digests were fractionated on 1% agarose gels using a Tris- 

- borate buffer (Tris 89 mM, boric acid 89 mM, Na, EDTA 2.5 mM). Gels 
were stained with ethidium bromide to ensure that digests were complete, 
and the DNA was transferred to nitrocellulose filters as described else- 
where’. Cloned DNA was nick-translated®® with a-**P-labelled dATP to a 
specific activity of 10° c.p.m. pg `. Filters were hybridized with 15 ml of 
hybridization mixture containing 10’c.p.m. of *P-labelled cloned DNA 
after it had been denatured at 100°C for 10 min. Hybridization conditions 
were 5x SSC, 50% formamide, 0.5% SDS at 42°C overnight with gentle 
agitation. After hybridization, filters were washed extensively in 3 mM Tris 

base (unneutralized), dried and autoradiographed. 
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Table 1 Frequencies of rDNA types in the OK. lines and OK. mixed populations 
cl A a tat wn a S 


Frequency in Frequency in No. of OK. mixed 


tDNA type OK. lines OK. mixed populations ‘fixed’ 
A 0.075 0.03 1 
B 0.075 0.13 4 
C 0,1 0,10 4 
D 0.075 0.13 5 
E 0,1 0.16 4 
F 0.125 0.07 i 
G 0.45 0.26 6 
H 0 0.06 1 
I 0 0.02 9 
J 0 0.03 i 
6-PGDH: Slow 0.20 0.23 7 


Semantan a a repeater pies 

The left column shows the frequency of each rDNA type based on two samples 
of XO males and averaged over all OK. lines (see text). The second column gives 
the frequencies in the OK. mixed populations based on about three XO males 
sampled from each population and averaged over all 38 populations. The right 
column shows the number of OK. mixed populations in which the particular rDNA 
type was the only one found. The bottom row shows frequencies for the 
6-phosphogluconate dehydrogenase (6-PGDH) slow allozyme. The average 
6-PGDH allozyme frequencies for the OK. lines are taken from Downes’. The 
methods used for constructing XO males and for DNA extraction, restriction, 
transfer and hybridization are the same as described in Fig. 2 legend except that the 
DNA was fractionated on 0.8% agarose gels. The 6-PGDH allozyme carried by 
each XO male was determined by homogenizing the fly ina crop of water followed 
by electrophoresis of the extract in a 12.5% starch gel and staining the gel for 
6-PGDH. The conditions used for electrophoresis and subsequent staining were as 
described by Downes”’, 


lines suggests that the larger Haelll fragment lengths in these 
chromosomes are due to an increase in the number of 250 bp 
repeats. 

Variations in NTS length that are due to fluctuations in the 
lengths of the fragment to the left of the Alul region occur in 
OK. lines 2a and 9a, as both have a major fragment ~250 bp 
below the common 1.9 kb size (Fig. 3). This is also reflected in 
the Haelll digests which show a prominent band ~250 bp below 
the common 5.1 kb length (Fig. 2). As both the Alul repetitive 
region and the Alul fragment to the left of it lie entirely within 
the NTS, these results confirm that the length variation of the 
Haelll NTS fragment is due primarily to changes in the length of 
the NTS itself and not to changes in the 28S gene or ETS. 


Variation in NTS length in rDNA clusters of 
the Y chromosome 


To analyse the rDNA variation between individual Y 
chromosomes, males from the OK. lines were mated to 
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Fig. 3 Autoradiographs of total DNA of XO males after digestion with 
Altd and hybridization to **P-labelled NTS clone pDm103HH2. Each track 
contains the DNA of four XO male progeny from a cross between an OK. 
male and an XX/O female (see Fig. 2 legend for details). The source of the 
OK. male parent is indicated above each track. In each case DNA was 
extracted from the same XO male progeny as used in the corresponding 
track of Fig. 2. Arrows on the left indicate fragment sizes in base pairs. Alul 
digests were in 6 mM Tris-HC! pH 7.6, 6 mM MgCi,, 1 mM dithiothreitol! 
and DNA was electrophoresed in a 2% agarose gel. The methods used for 
DNA extraction, transfer and hybridization are the same as described in 
Fig. 2 legend. 


C(1)DX/Y females. The C(1)DX/Y progeny contain rDNA 
mainly from the Y chromosome because the C(1)DX 
chromosome contains no detectable amounts of rDNA”°. 
Haelll digests of DNA from Ci/1)DX/Y females containing Y 
chromosomes, sampled in 1979, from eight of the OK. lines 
were probed with the NTS clone and revealed 10 different 
rDNA patterns (Fig. 4). 7 

The internal repetitive structure of Y chromosome NTSs from 
five different OK. sublines was investigated using Alul and the 
NTS probe (data not shown). As with the X chromosomes, 
major bands are seen at 250 bp and 1.4 kb. However, the 1.9 kb 
band, corresponding to the fragment left of the Alul region in X 
chromosomes (Fig. 1), is not prominent in any subline. Instead, a 
new major band is revealed at either 1.2 or 1.65 kb. A greater 
similarity between different Y chromosomes than between Y 
and X chromosomes, as found for the organization of rDNA 
repeats, has been found for other rDNA characteristics??? and 
may be a result of the genetic isolation of the NOs on the X and 
Y chromosomes. Interestingly, the isolation has been sufficient 
for a particular character (the presence or absence of the 1.9 kb 
band in this case) to spread to a high proportion of the rDNA 
repeats of the NO. 


High correlations for rDNA patterns between 
sublines separated for over 200 generations 


By comparing the different X chromosome Haelll patterns in 
the OK. lines it is possible to classify them into seven types—- 
A to G (Fig. 2). For 8 of the 10 cases, the rDNA patterns of the 
chromosomes sampled are indistinguishable between the a and 
b sublines, showing that the variation between lines is due to a 
polymorphism in the original Oklahoma population. When the 
XO male progeny derived from a different set of OK. line XY 
males were analysed, the same patterns as before were obtained, 
except for OK. lines 1a, which had pattern D, and 2b, which had 
pattern B. The a/b correlation in this sample of chromosomes is, 
however, the same as before, as sublines 2a and 2b are identical 
and la and 1b different. 

Similarly, 10 Y chromosome rDNA patterns can be classified 
(M to W; Fig. 4). In four cases the a and b sublines are identical 
and in OK. line 5 they differed by only one band, possibly due to 
slight partial digestion. That differences between a pair of aand 
b sublines may be due to double insemination of the ancestral 
Oklahoma females leading to the introduction of two Y 
chromosomes in the subsequent progeny is consistent with an 
estimated frequency of ~50% for double insemination in a wild 
population of D. melanogaster’’. An alternative explanation is 
that the a/b differences are due to variation generated during 
the 9 yr of laboratory maintenance. 


Discontinuous variation of NTS length and 
copy number 


One of the most striking features of the NTS length variation is 
that, despite the large fluctuations in copy number of many of 
the different lengths of NTS, a prominent 5.1 kb Haelll NTS 
length is common to most of the X and Y chromosomes (Figs 2, 
4), which may reflect either a preference for this length by the 
mechanism producing the variation or its conservation due to 
natural selection. NTS length is usually confined to between 3 
and 6 kb in the D, melanogaster sibling species subgroup’? and 
D. hydei”, D. virilis?” and other Dipterans (such as Calliphora 
erythrocephala**), 

An interesting feature of the NTS length variation is the 
differential abundance of many of the NTS lengths other than 
5.1 kb. For example, the 9.6 kb HaellI NTS fragment of the X 
chromosome of OK. line 1 represents ~10% of the total repeats 
(estimated by microdensitometry and accounting for length), 
but no more than 1.5% in other X chromosomes from the 
Oklahoma stocks (Fig. 2). Assuming there are 250 copies of the 
rDNA repeats on the X chromosomes, these percentages 
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represent 25 and 4 repeats respectively. Thus repeats in an array 
do not evolve independently, rather variants somehow spread in 
the array. | 

What mechanism might underlie the latter process? The data 
can be explained by unequal exchange occurring at two different 
levels. First, unequal staggers at the level of the region of 
repetition in the NTS (see Fig. 1) would generate NTS length 
heterogeneity. Second, unequal staggers at the level of the total 
rDNA units would generate the differences in copy number of 
each NTS length. 
_ Continual unequal exchange at these two levels would 
contribute to the amplification or elimination of one or other of 
the rDNA lengths and hence explain the observed dis- 
continuities in copy number of lengths. In addition, a continua! 
turnover of rDNA by unequal exchange could explain the 
homogeneity within a species for variant sequences in regions of 
rDNA, that is, concerted evolution’’* (see below). Homo- 
genization of a rDNA variant facilitates the expediency with 
which natural selection accepts or rejects, if need be, the variant 
in question. It is improbable that a single variant member of a 
multigene family of 400 members would have sufficient effect on 
the phenotype to be recognized by natural selection. However, a 
mechanism which amplifies or reduces the copy number of a 
variant to different degrees on different chromosomes will 
increase its contribution to phenotypic variance and hence the 
effectiveness with which natural selection may act on it. 


Behaviour of rDNA types in mixed 
laboratory populations 


To investigate the important question of the degree to which 
natural selection may be acting on the variation at the rDNA 
locus, we analysed populations derived from mixtures of flies 
from the OK. lines. In 1974 10 replicate populations were set 
up, each with 10 males and 10 females from each of the 20 OK. 
sublines, la-10b. After the first generation each population was 
divided into four sub-populations, each of which was 
subsequently maintained on fly medium containing a different 
species of yeast as food. After 6 yr (~150 generations) several 
males were sampled from 38 of these 40 OK. mixed populations 
and mated to XX/O females to produce XO male progeny. 
Restriction enzyme analysis of the XO male DNA with Haelll 
and probing with the NTS clone showed that all the original 
rDNA types found in OK. lines 1-10 were also present in the 
OK. mixed populations and that, in addition, three new types of 
rDNA pattern could be identified (H, I, J in Fig. 5). At least two 
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Fig.4 Autoradiographs of total DNA of individual XX hol Y males after 
digestion with Haelll and hybridization to “P-labeled NTS clone 
pDm103HH2. Y chromosomes were derived from males sampled from the 
sublines of OK. lines 1-5, 8-10 in 1980. The various hybridization patterns 
have been classified into 10 types (M-W), Subline 5b has been labelled U’ 
because it differs by only one minor band from Sa (see text). Those lines in 
which the sublines show similar patterns are underlined. The rightmost track 
is an OK. mixed XO male with pattern D (see Fig. 5) run on the same gel for 
comparison. Arrows indicate sizes of fragments in kilobases. The KX kaly 
females were constructed by mating an OK. male with females from a 
mal/C(1)DX, y f stock. Progeny were checked to ensure that all females had 
a yellow and all males a wild-type body colour, Yellow females were 
collected and stored frozen at —70 °C for up to 6 months. The methods used 
for DNA extraction, restriction, transfer and hybridization are the same as 
for Fig. 2 except that a 0.8% agarose gel was used. 





Fig. § Autoradiographs of total DNA of XO males after digestion with _ 
Haelll and hybridization to **P-labelled NTS clone pOm103HH2. Each 
track contains the DNA of four XO male progeny from a cross between an 
OK. mixed male and an XX/O female (see Fig. 2 legend for details). Tracks 
have been chosen to represent all the types of rDNA pattern found in the 
OK. mixed lines investigated. Types A-G are the same as those found in the 
OK. lines (Fig. 2) and three new types, H, Land J, are shown. Arrows on the 
left indicate fragment sizes in kilobases. The methods used for DNA 
extraction, restriction, transfer and hybridization are the same as for Fig. 2 
except that the DNA was fractionated on 0.8% agarose gels. 


(usually three) X chromosomes were analysed from each popu- 
lation and classified. 

The frequencies of the rDNA patterns showed no statistically 
significant correlation with any yeast species; thus the popu- 
lations may be treated as 38 replicates. The frequency of each 
rDNA type, averaged over all 38 populations, was not 
significantly different from its frequency in the OK. lines, 
indicating that there has been no strong selection in these 
conditions for or against any particular type of rDNA (Table 1). 
However, there might be strong selection in each population 
maintaining the original rDNA type frequencies. On this basis, it 
might be expected that the frequencies in each population would 
show some resistance to genetic drift and remain relatively 
unaltered. That 27 out of 38 populations contained only one 
rDNA type, detected in average sample sizes of three, clearly 
shows the final populations are more homogeneous than expec- 
ted from the overall initial frequencies, probably due to genetic 
drift. This conclusion is supported by studies’’ on autosomal 
allozyme frequencies of the same mixed populations which 
indicate an average population size of ~90-400. Additionally, 
the XO males used for the rDNA analysis have been assayed for 
the X-linked allozyme variant 6-phosphogluconate dehy- 
drogenase which is 65 map units away from bobbed™. The 
degree of ‘fixation’ of this variant in the populations is similar to 
that of rDNA type G which has a comparable overall frequency 
calculated from all the populations combined (Table 1). Thus 
both the overall frequencies and the frequencies within popu- 
lations indicate that there has been no strong selection of rDNA 
variants in these circumstances. 


Stability of rDNA types in the laboratory 

The data from the separate OK. lines and the OK. mixed 
populations show that the rDNA types of the X chromosomes 
have been stable in the laboratory. In the OK. lines no rDNA 
pattern has been found which is restricted to only one subline 
when all X chromosome replicate samples are taken into 
account. As at the time of analysis each a/b subline had been 
separate for over 200 generations, then the probability that a 
pattern remained unchanged in both sublines is (1—- my)? 
where m is the rate of detectable change per generation, The 
probability that no unique type would be sampled in any of the 
10 pairs of lines is therefore (1—m)*°°. If m were ie, this 
would give a probability of 0.05, The data therefore suggest that 
the rate of detectable change in the laboratory is <1 in 1,250 
generations. 

Analysis of the OK. mixed populations revealed only three 
rDNA types not found in the OK. lines. One of these, H, is 
present in more than one population and could have been 
present when the OK. mixed populations were established. The 
other two types, I and J, could either be newly generated 
variants, or were left undetected in the OK. lines. If we assume 
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that these types have been newly generated, then this would 
indicate a rate of change of 2 out of every 38 populations in 150 
generations, or 1 in 3,000 generations. Such estimates are 
consistent with rates of change at the rDNA locus of 3 x 10°* 
estimated by analysis of bristle selection lines”. 


Family turnover and sequence fixation 


When considering natural populations, such mutation rates are 
quite high and sufficient to generate the very extensive rDNA 
polymorphism observed in effective population sizes of 1 0*~10° 
with no selection. If the high polymorphism is indeed a result of a 
high rate of unequal exchange which can amplify or reduce the 
copy number of variant repeats, then on an evolutionary time 
scale the rDNA family would be in a continual state of turnover. 
The rate of turnover would influence the extent to which an 
array becomes homogeneous for a variant rDNA unit*; and the 
breeding size of a population would influence the extent to 
which a variant array becomes fixed in a population’. Natural 
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selection would interact with these processes depending on the 
variant in question. 

Our calculations, however, of the extent to which the above 
assessments of the rate of turnover and stability of rDNA types 
can explain the concerted evolution of rDNA sequence variants 


in the melanogaster subgroup suggest that additional forces 
might be necessary to drive specific variants to fixation’”’. 


Observations that continual homogenization is occurring in 
families on different sex chromosomes (such as the rDNA 
arrays) or on many different chromosomes**”*’ suggest that 
mechanisms of non-reciprocal interchromosome transfer and 
‘conversion’ of sequences are involved with fixation'*". We 
discuss elsewhere’ the extent and significance of such a process 
of molecular drive in the evolution of multigene families. 
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Activation of SV40 genome by 72-base pair 
tandem repeats of Moloney sarcoma virus 
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The simian virus 40 (SV40) 72-base pair (bp) tandem-repeated sequences have a crucial role as an activator element in 
viral gene expression. We replaced the SV40 72-bp repeat with a 72-bp repeat derived from the long terminal repeat (LTR ) 
of cloned Moloney murine sarcoma virus (MSV) DNA. Although there is no detectable sequence homology to SV40, the 
MSV repeats can substitute functionally for the SV40 repeats and generate a viable virus in monkey kidney cells. 





THE identification of nucleotide signals directing the initiation 
of transcription should provide an insight into the complex 
regulatory mechanisms controlling the activity of eukaryotic 
genes. In this regard, the DNA tumour viruses such as SV40 
probably represent the best studied model systems. Experi- 
mental approaches using SV40 have been facilitated by the 
detailed information available concerning viral genetics, 
together with a knowledge of the entire nucleotide sequence of 
the small circular genome and the S’ termini of the mRNAs (see 
ref. 1 for review). 

Various control elements have been localized to the region 
around the origin of SV40 DNA replication. Besides binding 
sites for the multifunctional early gene product, the large T- 
antigen™®, a Goldberg~Hogness (G-H) box precedes the most 
abundant early mRNA cap sites by ~25 nucleotides’*. Recent 
data’”’* suggest that the G-H box is dispensable for in vivo 
expression of the SV40 early genes but is apparently involved in 
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precise positioning of the 5’ termini of early mRNAs. Further 
upstream (to the late site of the viral genome) are several sets of 
tandem-repeated sequences’”'*, the role of which has been 
investigated by constructing deletion mutants. Although little is 
known about the function of the 21-bp repeat, several sets of 
mutants have focused on the function of the 72-bp tandem 
repeat. Removal of precisely one 72-bp repeat does not affect 
viability of the viral genome'*”"*, but if the deletion is extended 
into the second 72-bp repeat, the genome becomes nonviable"*. 
Similar conclusions have been drawn from parallel experiments 
using constructed plasmids". On the basis of these data, we 
concluded that the 72-bp repeat is essential for the expression of 
the early SV40 genes. 

Several other viral systems have elements which bear a struc- 
tural resemblance to the 72-bp repeat and possibly express 
related activities'”’’. Although no significant sequence 
homology to the SV40 72-bp repeat has been detected’’"'*, 
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studies on the LTRs of cloned MSV revealed putative tran- 
scriptional control elements and a 72-bp tandem repeat preced- 
ing by ~180 nucleotides the 5’ end of all the major mRNAs”. 


Furthermore, it was demonstrated in DNA transfection-trans- ` 


formation assays that the viral LTR provides all the necessary 
functions for activation of transforming genes’”~’, including the 
SV40 T-antigen (M. Krigler and M. Botchan, and M. McGeady 
et al., personal communications). 

Based on these observations, we decided to investigate the 
possibility that other sequences from nonhomologous sources 
(like MSV) might replace the functional activity of the SV40 
repeats, and whether tandem-repeated elements might be 
involved in host range. Here we demonstrate that although the 
nucleotide sequence of the MSV 72-bp repeat differs from that 
of SV40, it has similar functional activity and can rescue the 
cis-defective SV40 deletion mutant, thus generating a viable 
recombinant virus. This recombinant virus can express early 
SV40 genes in monkey kidney cells and in mouse cells. 


Construction of the recombinant 


The construction of the SV40 recombinant carrying the 72-bp 
tandem repeat from MSV is illustrated in Fig. 1. In the protocol 
used, we first cloned a recombinant plasmid harbouring the 
entire SV40 genome except for the 72-bp tandem repeats. For 
this purpose, we removed from the DNA of a viable SV40 
variant bearing a second BamHI site, the SphI—BamHI region 
(218 bp) comprising almost all nucleotide sequences from both 
72-bp repeats plus some flanking sequences from the end of the 
repeat to the BamHI site (nucleotide 348 (ref. 13), the former 
Hpall site). A pBR322 derivative (pA10) was constructed 
which contained a short stretch of nucleotides with the EcoRI, 
Xbal and BamHI restriction enzyme sites. The pA10 plasmid 
was cleaved with SphI and BamHI and the larger fragment was 
ligated to the SphJ]-BamHI SV40 fragment lacking the two 
72-bp repeats. This cloned recombinant plasmid pSV-r" served 
as the recipient for the insertion of the 72-bp repeats from the 
LTR of cloned Moloney murine sarcoma viral DNA. A con- 
venient 199-bp fragment containing primarily the two 72-bp 
MSV repeats was generated using XbaI and Sau3A (an iso- 
schizomer of MboI which cleaves G““ATC as well as GATC). 
For ligation, the plasmid recipient pSV-r_ was partially cleaved 
with BamHI to generate mainly single-cut linear molecules and 
the purified linear molecules were cleaved to completion with 
Xbal. The large fragment was ligated to the Sau3A—Xbal 
fragment derived from the MSV LTR (BamHI and Sau3A have 
identical cohesive ends). Polar insertion of the MSV repeat was 
achieved because both fragments contained two non-identical 
termini. The polarity of the MSV repeat in the recombinant was 
the same as that of the 72-bp repeat in the SV40 wild-type (wt) 
genome. After cloning of this plasmid (pSV-r™®”) in Escherichia 
coli HB101, the viral sequences were separated from the plas- 
mid sequences by cleavage with SphI and Xbal (see Fig. 1). 


Biological activity of SV-r’” 

To assay the functional activity of the MSV 72-bp repeat, we 
transfected the linear SV40-MSV recombinant (SV-r™*’) into 
African green monkey kidney (AGMK) cells using DEAE- 
dextran as a facilitating agent. As a control, the Xbal—SphI 
linear molecules that did not contain the MSV 72-bp repeats 
(SV-r_) were transfected in parallel. After ~10 days, a SV40 
cytopathic effect (CPE) was seen on dishes transfected with 
SV-rMSY DNA, whereas no vacuolization was seen in control 
plates. Sixteen to eighteen days after transfection, the cells 
which received SV-r“8SY DNA were completely lysed, whereas 
there was no CPE apparent on the control plates. To demon- 
strate infectious virus, the lysate was filtered through a nitrocel- 
lulose filter (Millipore, 0.45 um pore size) and subsequently 
used to reinfect AGMK cells; CPE was observed 3—4 days after 
infection and complete cell lysis occurred after ~7—10 days. No 
CPE was observed on the control plates infected with SV-r~ 
lacking the MSV repeats. 
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Fig. 1 Construction of SV-r“SY recombinants. A viable variant of SV40 
(2352) carrying a second BamHI site at the Hpall site (P.G., unpublished 
results) was partially cleaved with BamHI and unit-length molecules isolated 
after electrophoresis in 1.4% agarose gels**. These linear molecules were 
cleaved to completion with SpAI to remove a fragment (218 bp) constituting 
the majority of the SV40 72-bp repeats (plus sequences from the end of the 
repeat to the BamHI-Hpall site). This $V40 repeat-minus deletion mutant 
(SV-r-) resembling our recently reported cis-defective SV40 deletion 
mutant 2356 (ref. 16), was cloned in a pBR322 derivative (pA10). pA10 
differs from pBR322 (ref. 34) primarily in the presence of a polylinker 
EcoRI, XbaI and BamHI. In addition, it carries a deletion in the tetra- . 
cycline-resistance (Tc‘) gene (from EcoRI to BamHI). This was achieved by 
deletion of the small EcoRI—BamHI fragment from pBR322. Subsequently, 
the protruding 5’ ends of the remaining larger fragment were filled using T4 
polymerase**, and Xbal linkers were ligated to the blunt ends. The pA10 
plasmid was restricted with BamHI and SphI and the larger fragment 
isolated by electrophoresis in a 1.4% agarose gel. This fragment was 
ligated? to the BamHI, Sphl-cleaved SV40 DNA fragment and cloned in E. 
coli HB101°*’, After isolation?®*’, the superhelical recombinant plasmid 
DNA (pSV-r-) was partially cleaved with BamHI and the unit-length 
recombinant plasmid purified by agarose gel electrophoresis. The linear 
pSV-r_ DNA was subsequently cleaved to completion with XbaI and the 
large fragment again purified by agarose gel electrophoresis. In parallel, the 
recombinant plasmid carrying the cloned MSV LTR sequences”’ was 
cleaved with Sau3A and Xbal and a 199-bp fragment isolated by poly- 
acrylamide gel electrophresis**. This fragment was ligated to the pSV-r~ 
plasmid and cloned in E. coli HB 101°°’. Cloned plasmids were identified 
by restriction enzyme analysis using XbaI and EcoRI followed by blotting”’, 
then hybridized with **P-labelled MSV LTR DNA probe. Only the predic- 
ted fragment had homology to this probe. One of the recombinants carrying 
the MSV 72-bp repeats, pSV-r™S, was subsequently cleaved to completion 
with XbaI and Sphl, releasing the viral recombinant from the plasmid 
sequences, and 5 wg of DNA transfected on to 1 x 10° secondary AGMK 
cells using DEAE-dextran as facilitating agent’®. As a control, 5 yg of the 
plasmid pSV-r- DNA, cleaved with XbaI and SpAl, was similarly transfected. 


Analysis of SV-r™°’ recombinant DNA 


Having tentatively established the presence of an infectious 
virus in the cell lysate, we then had to characterize the structure 
of the recombinant viral DNA molecules. AGMK cells were 
inoculated in parallel with wild-type SV40 or the SV-r*Y virus 
stock. Superhelical DNA was isolated from infected cells 
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labelled with *’P. To test for the presence of MSV sequences in 
the recombinant virus, we hybridized the labelled DNA to a 
Southern blot”? containing a DNA fragment from the cloned 
MSV LTR”. Only SV-r“5¥ DNA, and not control SV40 wt 
DNA showed homology to the MSV LTR sequences (data not 
shown). Furthermore, the restriction enzyme pattern of SV -rY 
DNA followed exactly the predicted structure. The presence of 
the acquired Sau3A (Mbol) site used for ligation (see Fig. 1), and 
Poull sites present in each MSV 72-bp repeat, further clarifies 
the physical structure of SV-r“SY recombinants. As expected, 
the Sphl site present in the SV40 72-bp repeat was missing 
(Fig. 2). 

As linear molecules were used for the initial transfection of 
AGMK cells, it is likely that during circularization by cellular 
enzymes, several nucleotides were removed from each terminus. 
To determine more precisely the structure of the recombinant, 
we analysed the nucleotide sequence in the region encompassing 
the junction between SV40 and MSV sequences. An Mbol 
fragment (844 bp) containing the entire MSV insert joined to 
SV40 sequences around the origin of replication was isolated, 
terminally labelled”*, re-cleaved with Bg/I and the smaller 
fragment (307 bp) purified by gel electropohoresis. A recently 
described dideoxy sequencing method was used’*; the physical 
Structure and nucleotide sequence around the recombinant 
junction are outlined in Fig. 2. Both MSV repeats were found to 
be present. As deduced from the restriction enzyme analysis, 22 
nucleotides precede the first repeat. Although the SV-r™S¥ 
linear molecule used for infection of AGMK cells had ~36 bp 
flanking the terminus of the second repeat, 20 nucleotides 
(including the terminal Xbal site) were deleted, presumably 
through the action of cellular nucleases. This left 14 nucleotides 
of MSV sequence after the second repeat and before the SV40 
junction (atgeggtCATCTCA:). Three nucleotides were deleted 
from the SV40 sequence, including those of the SphI site (the C 
at the junction may derive either from MSV or SV40). As very 
few nucleotides were deleted from $V40, both SV40 21-bp 
repeats were preserved. The third binding site for T-antigen, 







Fig. 2 DNA sequence analysis of 
the SV-r“5” recombinant. Ten 
flasks (150cm*) of secondary 
AGMK cells were infected with 1 ml 
each of SV-r™Y and superhelical 
viral DNA was collected 4 days after 
infection“. The viral DNA (20 ug) 
was cleaved to completion with Mbol 
and the enzyme removed by phenol 
extraction. DNA fragments were 
terminally labelled with  [y- 
““PJATP** and separated in a 4% 
polyacrylamide gel*'. A fragment of 
844 bp was isolated, the DNA was 
électroeluted and re-cleaved with 
Bgll. The smaller fragment (307 bp) 
was purified by 4% acrylamide gel 
electrophoresis and sequenced usin 

the forward-backward method’’. 
Nucleotides read from the 6% 
polyacrylamide-urea gel are under- 
lined; the others were deduced from 
the construction (see Fig. 1) and 
from the published sequences of 

SV40"*!3 and MSV'®, 





which has been localized to the 21-bp repeats”®, was also present 
in the recombinant virus. 


ene of mRNAs transcribed from 
SV-r"S’ recombinants 


To analyse the mRNAs transcribed from the recombinant 
genome, AGMK cells were infected in parallel with either wt 
SV40 or the SV-r™*Y recombinant. Poly(A)-containing cyto- 
plasmic RNA was isolated and analysed by the nuclease S, 
technique*’”*. Using an SV40 DNA probe uniformly labelled 
in vivo, both early and late transcripts were detected in 
cells infected with SV-r“°” recombinant virus (Fig. 3a). No 
difference was observed in the spliced bodies compared with 
SV40 early or late (19S, 16S) MRNA. As SV-r™5¥ recombinants 
do not retain the nucleotide sequences coding for the 5’ ends of 
the most abundant late transcripts, it was of interest to investi- 
gate further the structure of the late mRNAs. For this analysis, 
we used a uniformly labelled Hpall-BamHI fragment B. The 
results (Fig. 36) indicate that the 5’ ends of the SV-r™” late 
transcripts are located further upstream towards the origin of 
replication than the Hpall end of the DNA probe. This suggests 
the presence of novel 5’ ends located probably in MSV 
sequences. The 5’ termini of the early mRNAs seem identical to 
those of wt SV40 (data not shown). 


Protein induced by the SV-r™SY recombinants 


As the overall structure of early and late mRNAs of SV-r™SY 
were very similar to transcripts of SV40 wt RNA, it seemed 
likely that the translational products also would be similar. To 
confirm this, AGMK cells were infected in parallel with wt SV40 
virus or the SV-r“S* recombinant stock, About 72h after 
infection, cells were labelled with *°S-methionine for 2 h. Pro- 
teins were extracted and immunoprecipitated either with a 
hamster antiserum recognizing both the early T-antigen and late 
VP-1 capsid protein or with normal hamster antiserum, then 
analysed by gel electrophoresis (Fig. 4). Both T-antigen and 
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VP-1 co-migrate with the SV40 wt markers. These data estab- 
lish the physical integrity and functional activity of SV-r“°Y 
recombinants. 200K — 


Conclusion 


ve In previous studies we and others have defined sets of 
repeated sequences to the late side of the $V40 replication 
origin as being essential for the transcription of viral gene 
sequences. Unlike the so-called Goldberg—Hogness sequence, 68K — 
which seems to be responsible for setting the 5’ end of eukaryotic 
transcripts” '*, these repeated sequences appear to contribute to 
the transcriptional activity of genes located in their general 
vicinity. Thus, we designated them ‘activator’ elements. 
Presumably these SV40 activator elements enhance the expres- 
sion of heterologous genes introduced into eukaryotic cells in a 
variety of cDNA transfection experiments (ref. 29 and V. B. 
Reddy and W. Schaffner, personal communications). Studies are 
now being directed at determining what part the position and 
orientation of such sequences play in contributing to gene 
activity. 

At first glance, the striking feature of the $V40 activator 
element is its repetitive nature, although one copy is sufficient 
for its functional activity'’*"'*. In searching for similar sequences 
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Fig. 4 Analysis of SV-r*” proteins. One flask of secondary 





among other eukaryotic genes and viral genomes, we focused on 
the 72-bp repeats in the MSV LTR. The position of the repeat 
within the LTR (a set of ~600 nucleotides which had previously 
been shown capable of restoring transforming activity to viral 
and cellular sarcoma virus genes” ”') indicated that it might 
have an analogous role in the regulation of retrovirus gene 
activity. The MSV 72-bp repeat sequence was therefore used to 
demonstrate similar functional activity by reactivating an SV40 
deletion mutant lacking the SV40 72-bp repeats. As mentioned 
above and elsewhere'’’'®, this heterologous set of nucleotides 
bears little if any resemblance to the original SV40 sequence. 
Restriction endonuclease analysis and DNA sequencing 
methodology has established the physical structure of a recom- 
binant virus which retains the $V40 21-bp repeat elements and 
carries a 167-bp insert, most of which represents the MSV 72-bp 


AGMK cells (2 x 10’ cells) was infected with 1 ml of either SV- 
MSY or wt SV40 (control). At 40 h post-infection, each culture was 
starved for 1 hin methionine-free medium and labelled for 2 h with 
35§. methionine (35 wCi ml”') in methionine-free medium. Viral 
proteins were extracted by treating the cells with 2 ml each of lysis 
buffer (0.01 M Tris pH 8.1, 0.1M NaCl, 0.1% NP-40, 1 mM 
dithiothreitol, 2mM phenylmethylsulphonyl fluoride, 100 pg mi 
tosylphenylethylchloromethylketone). The insoluble fraction was 
removed by centrifugation in a Beckman SOTI rotor at 
40.000 r.p.m. for 30 min. Viral proteins were immunoprecipi- 
tated*?'** with a hamster antiserum recognizing both tumour(T)- 
antigen-specific and protein (VP-1)-specific imunodeterminants 
(a, b) or with normal hamster serum (c). The SDS/polyacrylamide 
gel system used was that of Laemmli**. Radiolabelled protein 
bands on the gel were detected by fluorography”. dy Protein 
extract from 3.75 x 10° cells; b, protein from 1.2510" cells. K 
represents a molecular weight of 1,000. if 
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Fig.3 Analysis of SV-r“°Y RNA. Cytoplasmic poly(A)-contain- 
ing RNA was isolated*' 72 h after infection of secondary AGMK 
cells with SV-r“S” and SV40 wt viral stock. The RNA was 
analysed using the nuclease $, procedure’, In vivo **P-labelled 
SV40 wt DNA (specific activity 1 x 10° c._p.m. per pg DNA) was 
used as probe. a, S, analysis in a 1 4% alkaline agarose gel of 
SV-r“6* RNA and contro! SV40 RNA annealed with the uni- 
formly labelled SV40 wt DNA, linearized at the Hpall site. RNA 
was prepared from 6 x 10° cells (a) or 2.510” cells (b) infected 
with SV-r™MSY from 1 10° (a) or 6 x 10° cells (b) infected with wt 
SV40. b, Analysis of SV-r“S¥ RNA (from. 2.5 x 10’ cells), SV40 
wt RNA (from 1 x 10° cells) and no RNA (DNA control) in an 8% 
polyacrylamide-urea gel”, In this experiment, SV40 wt Hpall- 


BamHI fragment B was used as a probe representing the late 


region of the genome. M represents terminally labelled fragments 
| of PX 174 DNA. 
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repeats. This recombinant virus induced the synthesis of poly- 
peptides indistinguishable from those of wt SV40. The struc- 
tures of the viral RNAs were similar to those of $V40, except for 
the 5’ ends of late mRNAs, most of which probably reside in the 
acquired MSV sequences. This result is expected as the nucleo- 
tide sequence encoding the most common 5’ ends of late SV40 
mRNAs has been deleted from the SV-r“S” recombinants. In 
addition, alterations representing either deletion mutants*’ or 
recombinant viral genomes?" in this region of SV40 frequently 
generate novel 5’ termini of the late SV40 mRNA species. That 
the activator function of the mutant virus resides in the MSV 
72-bp sequences and is not simply dependent on a ‘spacer’ 
function has been demonstrated in part by previous experi- 
ments. Studies in which plasmid sequences were substituted for 
the SV40 72-bp repeats (ref. 10 and our unpublished results) did 
not lead to the activation of early SV40 functions. — 

Given a lack of sequence homology between the 72-bp 
repeats of SV40 and MSV, it is remarkable that the recombinant 
virus is viable. If these so-called activator elements are required 
to interact with a well defined set of host cell macromolecules 
(for example, proteins or nucleic acids), it is conceivable that 
they bear a nucleotide sequence homology to one another that is 
difficult to recognize. Perhaps this homology resides in an 
interrupted or irregularly distributed pattern of the critical 
nucleotides. In this respect, we have also considered the possi- 
bility that the repeat unit might form a secondary or tertiary 
structure which is important for its biological function. We 
found that the SV40, BKV and MSV repeat units can form 
extensive stem and loop structures (unpublished observations). 
Alternatively, it is possible that a number of unrelated 
sequences can provide a similar activating function in host cells 
by performing parallel functions with an analogous set of host 
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macromolecules. BKV, a human papovavirus, contains three 
copies of a 68-bp sequence to the late side of its replication 
origin”. This putative activator, which functions in both human 
and AGMK cells, has no obvious nucleotide sequence homology 
to the activators of SV40 or MSV. In fact, the late repeated 
Sequences represent the region of the papovavirus BK V genome 
that has the least sequence homology to $V40'?:!732, 

As we have suggested previously’*’’, activator sequences 
may have been acquired from host cellular DNA. If this is the 
case, one might speculate that such sequences could in some way 
influence the host range of viruses. In this regard, it is of interest 
that we were unable to detect normal plaques after inoculation 
of AGMK cells with SV-r“°’, although minute plaques may 
have been overlooked. One possible explanation for the 
reduced growth of the recombinant virus on monkey cells is the 
absence of sequences between the second SV40 7 2-bp repeat 
and the converted Hpall (BamHI) site (see Fig. 1). A number of 
SV40 mutants having deletions in this region grow slowly (J. 
Mertz, personal communication and our unpublished results), 
On the other hand, the MSV repeats may function at a lower 
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The mechanism by which some RNAs are segregated in the cell nucleus was analysed by microinjecting *’P-labelled total 
RNA from HeLa cells into the cytoplasm of Xenopus oocytes. Small nuclear RNAs (U1, U2, U4, US and U6) migrated 
into the cell nucleus, where they became 30-60 fold more concentrated than in the cytoplasm. Other RNAs, such as tRNA 
and 7S RNA, remained in the cytoplasm, while 5S RNA became concentrated in the nucleolus. Studies with lupus 
erythematosus antibodies showed that the migrating RNAs become associated with oocyte RNA-binding proteins. 


SOME types of RNA are normally located in the nucleus of 
eukaryotic cells, including heterogeneous nuclear RNA 
(hnRNA)'’, small nuclear RNAs (sn RNAs?“ and tRNA pre- 
cursors. However the mechanism by which -these molecules 
become segregated is unknown. We became interested in this 
problem when studies with cloned tRNA genes microinjected 
into the nucleus of frog oocytes showed that they are transcribed 
initially into precursor RNAs containing 5’-leader and 3'-trailer 
sequences” * which do not leave the oocyte nucleus”*. As tRNA 
precursors with very short extra sequences (of ~5 nucleotides) 
at the termini are retained in the nucleus, it did not seem likely 
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that the nuclear segregation could result simply from the pre- 
cursor tRNAs being too bulky to traverse the pores in the 
nuclear envelope. An alternative possibility is that the precursor 
RNAs might bind to other intranuclear molecules (such as 
processing enzymes) which could block nuclear exit either 
because of size or because they might have an intrinsic affinity 
for the nucleus, as is known to be the case for many nuclear 
proteins (see below). 

Although other models could explain why some RNAs are 
located in the nucleus, the binding hypothesis has the advantage 
that it can be tested using available techniques. Indeed, it 
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predicts that if naked RNA of nuclear origin were injected into 
the cytoplasm it should be able to diffuse within the cell and 
eventually accumulate in the nucleus, provided that the nuclear 
membrane did not block the free diffusion of RNA. This 
experiment, reported here, was carried out with snRNAs 
because they provide a convenient source of stable RNAs of 
nuclear origin. 

A large variety of nuclear proteins migrate and accumulate in 
the nucleus after microinjection into the cytoplasm of frog 
oocytes” *, amoebae" or cultured cells'*. Transient precursors 
are not involved and thus mature nuclear proteins accumulate in 
the nucleus, which they normally must re-enter at each mitotic 
division. The mechanism of accumulation is not yet certain, but 
on the basis of experiments involving damage of the nuclear 
membrane'*'” and saturation with competing proteins’® it is 
thought that nuclear proteins may bind inside the nucleus to a 
non-diffusible nucleoplasmic component(s). If some of the pro- 
teins with nuclear affinity were also RNA-binding proteins, then 
this could provide a mechanism for the intracellular segregation 
of RNAs. 

In the present study we injected labelled RNAs extracted 
from HeLa cells into the cytoplasm of frog oocytes. The results 
show that snRNAs migrate into the nucleus, that 5S RNA enters 
the nucleus and becomes localized in the nucleolus, and that 
other RNAs (tRNA, 7S RNA) remain in the cytoplasm. The 
migrating snRNAs bind to oocyte proteins after microinjection, 
as shown by studies with lupus erythematosus antibodies. 


Cellular distribution of microinjected HeLa 
P.RNAs 


HeLa cells were chosen as the source of RNA for these experi- 
ments because their small RNAs are well characterized'”** and 
are known to be highly conserved throughout evolution. Figure 
1. lane a, shows the electrophoretic pattern of total RNAs 
extracted from HeLa cells labelled for 18h with **P-ortho- 
phosphate. Previous observations'” *' (which we confirmed, 
data not shown), relevant to our subsequent experiments, are: 
(1)some RNAs—tRNAs and 7S RNA (which is complementary 
to the Alu family of repeated genes)”'—are preferentially cyto- 
plasmic; (2) other RNAs are preferentially nuclear (U1-U6 
snRNAs): and (3) 5S RNA and 5.8S RNA, although pref- 
erentially cytoplasmic, are also present in the nuclear fraction 
after labelling for 18 h, presumably reflecting the time course of 
assembly of the large ribosomal subunit of which they are part. 

Figure 1 shows the results of two experiments in which total 
HeLa YP-RNA was injected into the cytoplasm of Xenopus 
oocytes, which were then incubated for 18 h and subsequently 
manually separated into nucleus and cytoplasm. Most of the 
injected low-molecular-weight RNAs (lane a) are stable after 
microinjection into oocytes (lane b). (An unequal number of 
counts were loaded in lanes a and b, but other experiments have 
shown that the degradation of most small RNAs is negligible.) 
Exceptions are U3 snRNA (a nucleolar snRNA‘), which is to a 
large extent specifically degraded in the oocyte cytoplasm (Fig. 
1, lane b)yand 5.8S, 18S and 28S RNAs (not shown) which seem 
to diminish in amount relative to other RNAs. Comparison of 
the labelled RNAs present in the cytoplasm (Fig. 1, lanes c, e) 
and in the nucleus (Fig. 1, lanes d, f) of injected oocytes shows 
that: (1) the tRNAs and the 7S transcript remain in the cyto- 
plasm (their normal cellular location) as well as 5.88 RNA 
(which has a complex biogenesis); (2) U1 and U2 snRNAs 
become more concentrated in the nucleus, although a part still 
remains in the cytoplasm; and (3) 5S RNA, although pre- 
dominantly cytoplasmic, also enters the nucleus (but clearly to a 
lesser degree than U1 or U2). 

The microinjected Ul and U2 RNAs concentrate in the 
nucleus to a remarkable extent. As the nucleus is much smaller 
than the cytoplasm (about 20 times by volume, 10 times if one 
assumes that one-half of the cytoplasm is occupied by yolk 
platelets"), and one cytoplasm and one nucleus from individual 
oocytes were analysed in the lanes of Fig. 1, the amounts of U1 
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and U2 snRNAs present in the nuclei (lanes d, f) should be 
multiplied by a factor of 10-20 to visualize the difference in 
terms of concentration. Despite slight variations (compare lanes 
c, d with lanes e, f in Fig. 1), generally at least three times as 
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Fig. 1 RNA migration in oocytes microinjected 18 h previously with HeLa 
2p. RNA, Autoradiograms from two independent experiments are shown: 
in all cases single oocytes, cytoplasms or nuclei were analysed. Lane a, HeLa 
2p.RNA sample before microinjection; b, one whole injected oocyte 
(cytoplasmic injection), note that most (but not U3) RNAs are stable; c, one 
cytoplasm (cytoplasmic injection); d, manually isolated nucleus from same 
oocyte shown in c; e, one cytoplasm (cytoplasmic injection); f, nucleus from 
oocyte shown in e; g, cytoplasm (nuclear injection); h, nucleus from g 
(nuclear injection). HMW, high-molecular-weight material serving as 
control of the site of microinjection. The RNA for microinjection was 
prepared by labelling a small 25-cm’ flask of logarithmically growing HeLa 
cells (2 x 10° cells) for 18 h with 5 ml of minimal essential medium without 
phosphate containing 10% dialysed fetal calf serum and 100 aCi carrier-free 
“p-orthophosphate. This resulted in an incorporation of ~10" acid-insolu- 
ble c.p.m. per flask. Total nucleic acid was prepared by trypsinizing cells, 
washing in phosphate-buffered saline (PBS: 130mM NaCl, 20mM Na 
phosphate, pH 7.3), and lysing cells by vortexing in 1.5 mi of proteinase 
K-SDS solution (1.7% SDS, 300 mM NaCl, 2 mg ml‘ proteinase K, 40 mM 
Tris-HCl, pH 7.5). After phenol-chloroform extraction and addition of 2 vol 
of ethanol, the high-molecular-weight DNA was carefully spooled with a 
sealed 5 ul ‘micropet’ capillary (which very effectively reduces the viscosity 
thus allowing subsequent microinjection) and the remaining nucleic acids 
precipitated overnight at —20 °C, washed with 70% ethanol and the pellet 
finally redissolved in distilled water. Thirty nl of *P_RNA were injected into 
fully grown Xenopus oocytes and incubated overnight at 19°C (ref. 39) 
before manual separation into nucleus and cytoplasm in J-buffer*’. Samples 
were homogenized in proteinase K-SDS buffer, and the extracted nucleic 
acids*’ dissolved in 10 ul of loading buffer (95% formamide, 0.01% SDS 
containing Bromophenol blue and xylene cyano!) and electrophoresed in 
8% polyacrylamide/7M urea thin (0.35 mm) 40cm gels as previously 
described*”, except that 0.5X TBE buffer and faster runs (20 mA, elec- 
trophoresis completed in 1.75 h) were utilized. Each oocyte was injected 
with the RNA extracted from 500 HeLa cells. The cytoplasmic injection 
experiment shown here is highly reproducible, and was repeated in more 
than 10 independent experiments using oocytes from different frogs. It was 
alsc carried out successfully by the undergraduate biology students of the 
Biocenter in a practical course, showing that the manipulations involved are 
not excessively difficult. 
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much U1 and U2 RNA is present in the nucleus as in the 
cytoplasm (determined by densitometry of autoradiograms) in 
individual oocytes, indicating that they are 30-60 times more 
concentrated in the nuclear fraction. Other less abundant 
snRNAs (U4, U5, U6) also migrate to the nucleus but longer 
exposures are required to visualize them (see Fig. 3, lane d). In 
most of the experiments reported here, samples were analysed 
18-24 h after microinjection, but in time course tests a half- 
maximal nuclear concentration of snRNAs was already 
achieved by 3-4 h. 

In the experiment described above, the HeLa RNAs were 
deposited in the oocyte cytoplasm. It could be argued, however, 
that this is a very artificial situation, for these RNAs are 
normally synthesized in the nucleus. We therefore compared the 
RNA distribution after injection into either the cytoplasm (Fig. 
|. lanes e, f) or the nucleus (Fig. 1, lanes g, 4). The results show 
that essentially the same distribution is achieved regardless of 
the site where the RNA was deposited, except in the case of U3 
RNA. which is stable when injected into the nucleus (Fig. 1, lane 
h) but largely degraded when injected into the cytoplasm. The 


Fig. 2 Intracellular distribution of 'H- 
RNAs from HeLa cells microinjected into 
the cytoplasm of frog oocytes. Total or 
individual RNAs (eluted from poly- 
acrylamide gels“) were localized by 
autoradiography of sections of fixed 
oocytes. a, Total RNA; b, U2 RNA; c, 5S 
RNA (dark field); d, tRNA (dark field); e, 
total RNA; f, U1 RNA; g, 5S RNA (dark 
field); h, tRNA (dark field); i, 5S (trans- 
mission microscopy); /, same field as į but 
in phase contrast. Oocytes were fixed in 
San Felice fixative, embedded in paraffin, 
sectioned and dipped for autoradiography 
according to standard histological prac- 
tice. The radioactivity can be seen as 
dark grains. The black material on the 
oocyte periphery is pigment, present 
mostly in the animal hemisphere of frog 
oocytes. Some sections (for example A) 
show more grains in the juxtanuclear 
region because this part of the oocyte 
frequently does not contain yolk platelets 
(and thus effectively has more cytoplasm). 
Each oocyte has a diameter of ~1.2 mm. 
Individual nucleoli differ considerably in 
the extent of 5S RNA migration, as can be 
seen by comparing Fig. 4, i and j. A 
nucleolus that is not labelled at all is 
arrowed in Fig. 4i, which may correlate 
with the variability known to exist in the 
transcriptional activity of individual 
nucleoli in fully grown frog oocytes*” 


control indicating that the RNA was indeed injected in the 
oocyte nucleus is provided by high-molecular-weight material 
(presumably containing 18S RNA, ribosomal RNA degradation 
products and DNA) that runs near the top of the gel, which does 
not migrate and remains at the site of the injection (either in the 
cytoplasm, Fig. 1, lane e, or in the nucleus, Fig. 1, lane A). This 
control is essential because there is often reflux of material into 
the cytoplasm during nuclear injection**, When we analysed a 
series of 20 individual oocytes injected into the nucleus, only 
two presented negligible leakage into the cytoplasmic fraction 
(although some material had been introduced into the nucleus in 
80% of the attempts). This type of experiment is technically 
difficult and requires analysis of many single oocytes, but it is 
interesting that it can be done at all, for this opens new possi- 
bilities in the study of RNA transport (such as, can a mature 
mRNA without intervening sequences be transported out of the 
nucleus?). In fact, the experiment shown in Fig. 1, lanes g, A, 
suggests that the transport of tRNA from nucleus to cytoplasm 
does not depend on the simultaneous processing of longer 
precursor tRNAs. 
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Fig. 3 Immunoprecipitation of microinjected HeLa *2P.RNAs with anti- 
Sm lupus erythematosus antibodies. The antibodies do not react with naked 
RNA and therefore immunoprecipitation reflects association with oocyte 
proteins. Lane a, immunosupernatant of 8 injected oocytes; b, immuno- 
precipitate from a; c, immunosupernatant of 10 manually isolated nuclei 
from microinjected oocytes; d, immunoprecipitate from the 10 oocyte 
nuclei. Note that essentially all the snRNA that migrates into the nucleus is 
bound by the lupus antibodies. The oocyte cytoplasm contains nucleases 
which degraded the RNA in sample a during the immunoprecipitation 
procedure. The protein-bound snRNAs seem to be less sensitive to 
degradation. The nucleases are not present in the oocyte nucleus (lane c). 
For immunoprecipitation, 20 ul of serum were bound to 40 ul of a suspen- 
sion containing one part staphyllococcal protein A-Sepharose beads 
(Pharmacia) and three parts Ipp buffer (0.5 M NaCl, 0.1% NP-40, 10 mM 
Tris-HCl, pH 8.0) in 1.5 ml Eppendorph tubes for 2 h at room temperature 
with end-over-end rotation, washed three times with 1 ml of Ipp buffer and 
then incubated with oocyte extract (nuclei isolated and homogenized in 
0.5 ml PBS) for 2h. After three 10-min washes with Ipp buffer the beads 
were digested for 20 min at 37 °C with 1.5 ml of proteinase K-SDS buffer 
and the RNAs extracted as for Fig. 1. Note that, in lane d, the less abundant 
snRNAs (U4, US, U6) also migrate into the nucleus and bind to oocyte 
proteins. 


Concentration of microinjected 5S RNA in 
the nucleoli 


The cytological location of the injected RNAs was analysed by 
injecting “H-uridine-labelled HeLa RNAs into the cytoplasm of 
oocytes which 24h later were fixed, embedded in paraffin, 
sectioned and autoradiographed. When oocytes injected with 
total HeLa RNA were examined (Fig. 2a, e) autoradiographic 
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grains were found in both the nucleus and cytoplasm, as expec- 
ted from the electrophoresis results, but the nucleoli afso were 
intensely labelled. Analysis of the distribution of individual 
RNAs purified by elution from polyacrylamide gels showed that 
U1 (Fig. 2f) and U2 (Fig. 2b) snRNAs became concentrated 
uniformly in the nucleoplasm, whereas tRNA remained pre- 
dominantly in the cytoplasm as expected (Fig. 2d, h). Purified 
5S RNA, in addition to labelling uniformly in cytoplasm and 
nucleoplasm, clearly accumulated in the nucleoli (Fig. 2c, g). 

The nucleolar migration of 5S RNA is not entirely surprising. 
In Xenopus oocytes the genes for 18S, 28S and 5.8S ribosomal 
RNAs are amplified early in oogenesis**** and stored in about 
1,000 extrachromosomal nucleoli, where they are transcribed. 
The 5S genes, on the other hand, are not located in the nucleoli 
but in the telomeres of most Xenopus chromosomes’. As 
ribosomes are known to be assembled at the nucleoli, 5S RNA 
must somehow migrate through the nucleoplasm before being 
incorporated into the immature ribosomal subunits at the 
nucleolus. In the nucleolus, the 5S RNA was located in the most 
external part (barely recognizable in some of the nucleoli shown 
in Fig. 2i, but clearly visible under the microscope), which in 
amphibian oocytes is known to contain the maturing ribosomal 
subunits which give this ‘granular zone’ its electron microscopic 
morphology”. Thus it is conceivable—but by no means 
proved—that the injected 5S RNA may become incorporated 
into nascent ribosomes. 


Microinjected snRNAs associate with oocyte 
proteins 


Investigation of whether snRNAs bind to oocyte components 
after microinjection was greatly facilitated by the discovery’ ~~” 
that human autoantibodies from some patients with lupus 
erythematosus react with small nuclear ribonucleoproteins 
(snRNPs) but not with the naked snRNAs. We screened a 
collection of human sera with antinuclear antibodies (L. Mather, 
T. Nyffenegger, R.F.P. and E.D.R., in preparation) and 
obtained antisera with anti-Sm (which precipitates U1, U2, U4, 
US and U6 snRNPs) and anti-U1-RNP (which reacts only with 
U1-RNPs). Lanes b and d of Fig. 3 show that U1, U2, U4, US 
and U6 snRNAs are immunoprecipitable by anti-Sm antibodies 
after microinjection, and U1-RNA by anti-U1-RNP (not 
shown). Thus the HeLa RNAs bind to oocyte proteins. Essen- 
tially all the snRNAs that migrate into the nucleus are bound to 
oocyte proteins, whereas the nuclear-migrating 5S RNA is not 
recognized by this particular type of antibody (compare lanes c 
and d of Fig. 3). 

Having established that the microinjected snRNAs accumu- 
late in the nucleus in a ribonucleoprotein form, we then investi- 
gated whether the proteins bind to them in the nucleus or the 
cytoplasm, using Xenopus oocytes which can be manually 
enucleated and then microinjected in the surviving cytoplasm*”’. 
Figure 4 shows that about the same amount of snRNA is 
precipitated by anti-Sm antibodies after microinjection into 
nucleated or enucleated oocytes. Similar results were obtained 
with anti-U1-RNP antibodies. Thus the injected RNAs can bind 
to at least some of the snRNA binding proteins in the cytoplasm 
before entering the nucleus. 

Small nuclear RNAs injected into enucleated oocytes 
together with 5 mg ml ' cycloheximide (known to inhibit pro- 
tein synthesis by >95%)°' were precipitated equally well by 
lupus antibodies, suggesting that the cytoplasm contains an 
excess of pre-existing free RNA-binding proteins. Although 
these proteins Have not been titrated, a minimum estimate is that 
they are sufficient to saturate the snRNAs extracted from 1,000 
Hela cells (amount of RNA microinjected per oocyte in Fig. 4). 


Conclusions and prospects 


The results show that microinjected snRNAs can migrate from 
the cytoplasm into the nucleus, where they become concen- 
trated 30-60 fold. A similar distribution is attained irrespective 
of whether the material is injected into the cytoplasm or the 
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Fig.4 Immunoprecipitation of HeLa P-RNAs after microinjection into 
nucleated (a, b) or enucleated (c. d) frog oocytes with lupus anti-Sm anti- 
bodies. Ten oocytes of each type were injected and incubated for 5 hat 19°C 
in enucleation ‘healing buffer”, after which they were homogenized in PBS. 
and one half immediately extracted with phenol/chloroform (a,c) and 
the other half immunoprecipitated (b, d) with lupus antibodies. U4, U5 
and U6 snRNAs were also detected in lanes b and d after longer exposure 
of this gel. 


nucleus. Thus the nuclear membrane does not seem to be an 
Obstacle for the movement of at least some low-molecular- 
weight RNAs. The nuclear affinity of snRNAs resembles that 
displayed by a variety of nuclear-migrating proteins (described 
in the introduction), Previous work with pulse-labelled cultured 
cells has demonstrated that newly synthesized snRNAs are not 
tightly bound to the nuclear fraction'®*?°*, and in Amoeba 
proteus transplanted with *H-uridine-labelled nuclei, the 
labelled material can migrate into the host nucleus '*"*: these are 
probably manifestations of the phenomenon described here for 
frog oocytes. The oocyte system, however, differs in that 
purified, naked, RNA molecules can be introduced, and there- 
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fore it could provide a useful test system with which to determine 
the biological function(s) of snRNAs. 

Microinjected 5S RNA accumulates in the nucleoli. It is 
interesting that although the nucleolus is not enveloped by a 
membrane, 5S RNA accumulates there. It is perhaps easy to 
conceive how this might arise from binding to specific sites (such 
as maturing ribosomes). One could similarly envisage how a 
whole nucleus might regulate its molecular exchanges via bind- 
ing to non-diffusible nucleoplasmic components; however our 
experiments do not test directly whether nuclear migration of 
snRNAs is controlled by binding to intranuclear components or 
at the level of the nuclear membrane. 

The mechanism by which tRNA is largely excluded from the 
nucleus (Fig. 2h) is unknown. Nonetheless, the behaviour of 
tRNA illustrates how nucleocytoplasmic transport could be 
important for gene control: if tRNA levels were to regulate their 
own synthesis, the molecules would first have to gain access to 
the genes by entering the cell nucleus. 

It is hoped that lupus antibodies’? will facilitate future 
analyses of the molecular mechanism of snRNA accumulation in 
nuclei. That a heterologous combination of human RNAs and 
frog proteins should bind to each other is not surprising because 
both the antigenic properties of the proteins and the snRNA 
nucleotide sequences are highly conserved in evolution2°**. 
Furthermore, equivalent results are obtained by microinjecting 
Xenopus cultured cell **P-snRNAs (E. Ackermann and J. 
Gurdon, personal communication). The results obtained with 
enucleated oocytes suggest that the proteins responsible for the 
Sm and U1-RNP antigenic determinants are stored in the oocyte 
cytoplasm, but as there are seven different proteins and one 
molecule of U-RNA in each snRNP in somatic cells”, this does 
not necessarily mean that all the proteins are cytoplasmic. 
Consequently we cannot yet distinguish whether the injected 
snRNAs bind some proteins in the cytoplasm and then to others 
in the nucleus, or whether all the proteins bind in the cytoplasm 
and the RNA-protein complex then acquires the ability to 
migrate to the nucleus (as occurs with cytoplasmic steroid 
receptors after binding hormones”), 

It would be interesting to extend these studies to other nuclear 
RNAs, like tRNA precursors and hnRNA, provided they are 
stable after microinjection. The nucleus is known to contain 
proteins that bind to both types of RNA®8 and hnRNA 
probably also has U1-RNPs bound to the intervening 
sequences’”, all of which could provide affinity for the nucleus. 
In the meantime, it is encouraging that at least some aspects of 
the transport of snRNA and 5S RNA against a concentration 
gradient can be approached in injected living cells. 

We thank Dr L. Matter and his patients for generous gifts of 
antisera, Dr Georges Kohler for Suggesting the immunoprecipi- 
tation method, W. Gehring, R. White, E. Ackerman, J. B. 
Gurdon and R. Zeller for comments on the manuscript and 
Mirjam Bollag for help in its preparation. 


Received 28 September: accepted 7 December 1981. 


1. Perry, R. P. J. Cell Biol. (in the press) 
2. Schibler, V., Marcu, K. B. & Perry R. P, Cell 15, 1495-1509 (1972). 
3. Ro-Choi, T. S. & Busch, H. in The Cell Nucleus Vol. 1 (ed. Busch, H.) 151-208 (Academic, 
New York, 1974). 
4. Zieve, G. W. Cell 25, 296-297 (1981), 
5. De Robertis, E. M. & Olson, M. V. Nature 278, 137-143 (1979), 
6. Nishikura, K. & De Robertis, E. M. J molec. Biol. 145, 405-420 (1981). 
7. Melton, D. A, & Cortese, R. Cell 18, 1165-1172 (1979) 
8. Melton, D. A., De Robertis, E. M. & Cortese, R. Nature 284, 143-148 (1980). 
9. Gurdon, J. B. Proc. R. Sac. B176, 303-314 (1970). 
10. Bonner, W. M, J. Cell. Biol. 64, 421-430 (1975), 
11. Bonner, W. M. J. Cell Biol 64, 431-437 (1975). 
12. De Robertis, E. M.. Longthorne, R. & Gurdon, J. B. Nature 272, 254-256 (1978). 
13. Mills, A. D,, Laskey, R. A., Black, P. & De Robertis, E. M. J. molec Biol. 139, 561-568 
(1980) 
14. Goldstein, L. in The Cell Nucleus Vol. 1 (ed. Bush, H.) 387-437 {Academic, New York, 
1974). 
15. Rechsteiner, M. & Kuehl. L. Cell 16, 901-908 (1979). 
16. Feldherr, C. M. & Pomerantz. J. J. Cell Biol. 78, 168-175 (1978). 
17. Feldherr, C. M. & Ogburn, J. A. J. Cell Biol. 87, 589-593 (1980). 
18. Bonner, W. M. in The Cell Nucleus Vol. 4 (ed. Bush, H.) 97-148 (Academic, New York, 
1978) 
19. Zieve, G. & Penman. S. Cel! 8, 19-31 (1976) 


20. Lerner, M, R., Boyle. J. A.. Mount, S. M., Wolin, S. L. & Steitz, J. A. Nature 283, 220 224 


áá 


(1980) 


ee a i aaa eat eee 


p 


Nature Vol. 295 18 February 1982 


21. Weiner, A. M. Cell 22, 209-218 (1980). 

22. Wyllie, A. H., Gurdon, J. B. & Price, J. Nature 268, 150-152 (1977). 

23. Brown, D. D. & Dawid, I. B. Science 160, 272-277 (1968). 

24. Gall, J. G, Proc. natn. Acad. Sc?. U.S.A. 60, 553-558 (1968). 

25. Pardue, M. L., Brown, D. D. & Birnstiel, M. L. Chromosoma 42, 191-198 (1973). 


26. Miller, D. L. Handbook of Molecular Cytology (ed. Lima-de-Faria, A.) (North Holland, 


Amsterdam, 1969). 
27. Lerner, M. R. & Steitz, J. A. Proc. natn. Acad. Sci. U.S.A. 11, 5495-5499 (1979). 


28. Lerner, E. A., Lerner, M. R., Janeway, C. A. Jr & Steitz, J. A. Proc. natn. Acad. Sci, U.S.A. 


78, 2737-2741 (1981). 
29, Lerner, M. R. & Steitz, J. A. Cell 25, 298-300 (1981). 
30. Ford, C. C. & Gurdon, J. B. J. Embryol. exp. Morph. 37, 203-209 (1977). 
31. Harland, R. M. & Laskey, R. A. Cell 21, 761-771 (1980). 
32. Eliceiri, G. Cell 3, 11-14 (1974). 


577 


33. Eliceiri, G. L. & Sayavedra, M. S. Cell 72, 507-512 (1976). 

34. Goldstein, L. & Ko, C. Cell 2, 259-269 (1974). e 

35. Busch, H., Reddy, R., Henning, D. & Epstein, P. in International Cell Biology 1980-1981 
(ed. Schweiger, H. G.) 47-52 (Springer, Berlin, 1981). 

36. Yamamoto, K. R. & Alberts, B. M. A. Rev. Biochem. 45, 721-746 (1976). 

37. Beyer, A. L., Christensen, M. E., Walker, B. W. & Le Stourgeon, W. M. Ceil 11, 127-138 
(1977). 

38. Martin, T. E. & Okamura, C. S. International Cell Biology 1980-1981 (ed. Schweiger, H. 
G.) 77-84 (Springer, Berlin, 1981). 

39, Gurdon, J. B. J. Embryol. exp. Morph. 36, 523-540 (1976). 

40. De Robertis, E. M., Black, P. & Nishikura, K. Cell 23, 89-93 (1981). 

41. Wickens, M. P., Woo, S., O’Malley, B. W. & Gurdon, J. B. Nature 285, 628-634 (1980). 

42. Trendelenburg, M. F. & McKinnell, R. G. Differentiation 15, 73-95 (1979). 


Alignment of randomly 
distributed objects 
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Recently, Edmunds and George* discussed alignments of 
randomly distributed quasars, following the discovery by Arp 
and Hazard? of several conspicuously aligned ‘triplets’ of 
quasars with widely disparate redshifts. If the probability of such 
alignments occurring by chance is very small, a physical asso- 
ciation between the objects could be suspected’, implying a 
non-cosmological component in some of the quasar redshifts. A 
similar problem concerning supposed alignments of megalithic 
sites’ has prompted substantial analysis of the statistics of such 
colinearities in random sets of objects”*. Here I use the angular 
definition of alignment to estimate the significance of the quasar 
triplets and confirm the results of computer simulations’, show- 
ing that it is not improbable for these alignments to occur by 
chance. 

The angular criterion to define alignment of three points was 
first used systematically by Broadbent: two points I and J 
somewhere in an area A (Fig. 1) are said to be aligned within a 
small acceptance angle £ on a third point P if the angle between 
the lines connecting P and I, and P and J is between m—e and 
a+e. This definition is more suitable for analysis than one in 
terms of the distance of P to the line connecting I and J being 
small’, because the probability of finding an alignment does not 
depend on the dimensions of the area, and is therefore 
independent of the surface density of points, as long as their 





Fig.1 Geometry of alignment for randomly distributed objects in 
area A. I and J are aligned on P within an angle €. 
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number is kept constant. Furthermore, the present definition 
ensures that three points can represent only one alignment (I 
and P are not aligned on J). It is easily envisaged how the 
probability of alignment can be computed: two points, for: 
example, I and P, define two fan-shaped areas each with top 
angle 2e. The condition for alignment will be satisfied if a third: 
point is located somewhere in this area. Of course, we have to 
consider many possible separations of I and P, each defining a 
different area of the fans. i 

A preliminary estimate of the probability P, of having an 
alignment of three randomly distributed points within angle € 
can be obtained as follows. The average distance of the two 
randomly distributed points I and P is roughly half the typical 
diameter of the area A: two fans with e =90.0° will cover on: 
average about half the surface. Consequently P, ~0.5 «/90, 
which for ¢=1° yields P,.~1/180= 0.00556. Note that 
although the size of the area considered does not affect the value 
of P., its shape does. This can be understood by comparing, for 
example, a square region with a very long but narrow area; 
randomly distributed objects in the latter case are bound to have 
a much higher chance to form an alignment. Kendall and 
Kendall‘ give exact values for probabilities of alignment on the 
1° acceptance criterion of 1/180=0.005556 (0.00554) and. 
1/180 x 7/3 =0.005818 (0.00580) for a circular and square 
area respectively (numbers between parentheses indicate the 
probabilities as measured from 10° trial fields, each with three. 
randomly distributed points). For small angles, P, is propor- 
tional* to e. The quasar field studied by Arp and Hazard? is. 
rectangular and measures about 40 x 50 arc min. In this case the 
probabilities for a square field have to be multiplied by the 
Broadbent coefficient** 5(s + 1/s) with s = 40/50, which results 
in Py» = 0.005960 (0.00596). 

We now want to determine the probabilities of multiple 
alignments for N objects present in the area. Given the value of 
P., the probabilities P(N, K, P.) to find K alignments within an 
angle e in N randomly distributed objects can be expressed in 
the form P(N —1, K, P.): 


i N-1 
P(N, K, P.)= È P(N~1,L,P,) + Bl ( 3 ),K-LP. 
L=0 


< , N>3 
K=(3) 


The coefficients B represent the probability of finding K —L 
alignments out of the (“2") combinations between two of the 
N —1 objects and the newly added Nth object. Assuming that all 
combinations are independent, while each combination has 
probability P, to be an alignment, B is given by the binomial 
distribution: 


BU, J,P.)=(7)PAA-P.)7 


All probabilities can now be computed because by definition: 
P(3,0,P.)=1.0-P, and P(3,1,P.)=P, 
N points on a straight line represent (3) alignments, which is 
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Fig. 2 Theoretical probabilities for K alignments within an angle 
of 1° in N randomly distributed points, here shown as smooth 
curves. Symbols along the curves indicate the probabilities as 
measured from simulations of random fields. The dashed curve 
represents the probability to find at least one alignment as a 
function of N. The presence of alignments within 1° is expected in 
every other field with 10 objects (the expected number of triplets 
per 10 points“ is 0.698). 


therefore the maximum value that K can attain. The average 
(expected) number of alignments equals (3)P, (ref. 4). Figure 2 
shows predicted probabilities for up to five alignments as a 
function of N. The decrease in likelihood after the initial 
increase with N is due to the growing chance of finding one more 
alignment. Computer simulations were performed using 40,000 
trial random fields for N up to 10; in view of the rapid increase 
with N of processing time per field, the number of trials was 
gradually reduced to 5,000 for N = 20. 

To estimate the probability of having two aligned triplets of 
quasars in the field studied by Arp and Hazard’ we have to 
establish the alignment angles e. Because the exact positions of 
these quasars have not been previously published, they were 
measured on a glass copy of the ESO QB sky survey, using the 
RGO Coradograph and standard astrometry reduction methods 
(Table 1). Alignment of angles of 0.48°+ 0.14° and 0.56°+0.20° 
are easily computed in spherical trigonometry. The probability 
of having two alignments within 0.56° is P(6,2;Po.s6°) = 
2.0x10~*. Because for small N and e the distribution of the 
number of colinear triplets is close to the poissonian (see ref. 3), 





Table 1 Positions, accurate to about 0.8", of quasars” in two aligned 
triplets at 11 h 30 min+11°, and alignment angles € 





a (1950) ô (1950) E 
X 11 h31 min 00.78 s 11° 14° 53,0" 
Y 11 30 54.97 11 08 58.2 0.48° + 0.14° 
Z 11 30 44.22 10 58 24.3 
A 11 30 24.19 10 40 16,3 
B 11 30 30.26 10 42 53.1 0.56°+0-20° 
C 11 30 09.37 10 33 44.1 





a rough estimate of the probability of obtaining two alignments 
can be made in this case by using the expected number of 
alignments (0.00596 x 0.56 x ($) = 0.0668); the chance of get- 
ting two from a Poisson variable with that expectation is 2.08 x 
10°*. Thus the occurrence of these aligned triplets by chance is 
not at all unlikely when it is realized that this particular field is 
part of a survey of about 5,000 quasars covering an area of ~500 
square degrees (C. Hazard, personal communication). 
Moreover, we would expect many similar configurations to exist 
on the sky; the presence of two more alignments’ in the area at 
ilh 46min+11° with nine objects is not surprising as 
P(9, 2, Pi) = 0.074. 
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Electrically conducting polymer films of polypyrrole were pre- 
viously reported’ to provide greatly enhanced stability against 
the photodegradation of semiconductor photoanodes in elet- 
trochemical photovoltaic cells. To determine the feasibility of 
protecting photoanodes with polypyrrole in photoelectrolysis 
cells where O, is evolved some basic questions had to be 
answered. To achieve this we have performed experiments using 
polypyrrole films as protective coatings on Ta metal electrodes; 
Ta is known to form insulating oxides that prevent O, evolution 
from aqueous solution. We found that polypyrrole is stable in 
the presence of O,; that while polypyrrole itself is a poor 
electrocatalyst for O, evolution, metal catalysts can be 
deposited on its surface to enhance O, evolution; and that 
Ta-polypyrrole-Pt electrode structures are electrochemically 
indistinguishable from naked Pt electrodes with respect to O, 
evolution. 

Recent research’ ® has shown that electrically conducting 
polypyrrole films can be easily electrodeposited on n-type 
semiconductor electrodes, thereby imparting to the electrode 
greatly enhanced stability against anodic photodegradation 
in photoelectrochemical cells. This effect has been demon- 
strated’ for n-type Si, GaAs, CdS, CdSe, and CdTe electrodes 
operating in contact with aqueous electrolyte in photovoltaic- 
type photoelectrochemical cells. In those experiments, elec- 
troactive redox couples, such as Fe”/Fe or 
Fe(CN), /Fe(CN),*", are added to the aqueous electrolyte to 
facilitate positive hole transfer to the electrolyte to inhibit 
self-oxidation of the semiconductor electrode; the net product 
of such cells is electrical power™" 

A more difficult application of conducting polymer-coated 
semiconductor electrodes is in the photoelectrolysis-type of 
photoelectrochemical cell. Here, the polymer film must protect 
the n-type semiconductor electrode against photooxidation in 
the presence of the oxygen evolution reaction in aqueous elec- 
trolyte. The oxidation of water to oxygen is a relatively difficult 
four-electron reaction and therefore requires positive holes with 
a rather positive redox potential. Holes created and utilized at 
such high positive potentials in photoexcited semiconductor 
electrodes generally result in oxidation of the semiconductor 
itself in addition to, or even to the exclusion of, the oxidation of 
water. A few large band-gap oxide semiconductors (such as 
TiO:, SrTiO, and Fe,0,;} show exceptions to this behaviour. The 
role of the polypyrrole film in photoelectrolysis cells would 
therefore be to channel preferentially the photogenerated holes 
in smaller band-gap and non-oxide semiconductors to the 
H,0/O, redox couple at a rate that is much faster than the 
self-oxidation rate of the semiconductor. 

Before the above application of polypyrrole films can be 
realized, the following questions must be answered. (1) Is poly- 
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pyrrole itself stable in O2-evolving conditions? (2) Can the water 
oxidation reaction be confined to the outermost polypyrrole— 
liquid interface so that physical destruction of the film by 
internal gas evolution can be prevented? (3) Can polypyrrole act 
as a sufficiently good electrocatalyst for O, evolution, and if not 
can a catalytic agent be deposited on the film surface to achieve 
good O, evolution rates? 

Affirmative answers to these questions have been obtained 
from studies of polypyrrole films deposited on tantalum metal 
electrodes. Normally, Ta electrodes do not evolve O2 because of 
the spontaneous development of thick tantalum oxide layers on 
the surface at potentials less positive than the H,O/O, redox 
potential. Ta electrodes therefore provide a good system for 
testing the ability of polypyrrole to prevent substrate oxidation 
and to answer the above three problems. 

Polypyrrole films were electrochemically deposited in a three- 
electrode, potentiostatically controlled cell containing a de- 
aerated, aqueous solution of about 1 M pyrrole with 2.0 M LiCl 
supporting electrolyte at pH ~0.5. Rapid deposition of the 
polymer on the Ta substrate occurred at a potential of about 
+0.7 V (versus SCE). Below this potential the rapid, initial 
growth rate would decrease quickly to almost zero, probably 
because of competitive oxide film growth. At about +0.7 V 
(SCE) or higher, the growth rate appeared to be diffusion 
controlled only. 

The Ta substrates were freshly ground with 600 grit SiC paper 
(scratch depth ~0.25 um) before deposition to remove the 
insulating oxide layer and to provide for excellent film adhesion. 
Films grown on polished Ta surfaces readily peeled off whereas 
they stuck tenaciously to rougher surfaces. The area exposed to 
solution during film polymerization was 1.3 cm’; this resulted in 
a circular spot of polypyrrole 1.3 cm in diameter at the centre of 
a 2.52.5 cm square Ta sample. ` 

In some experiments, Pt was ion-beam sputtered onto the 
polypyrrole disk using an Ar ion beam. In these cases, a mask 
was used with a hole having a smaller diameter than the poly- 
pyrrole film. This ensured that no direct electrical contact was 
possible between the Pt and the Ta. The ion beam deposition 
rate for Pt was calculated by measuring the thickness of a thick 
Pt sputtered film with an interferometer and dividing by the 
sputter time. Pt film thicknesses used in subsequent experiments 
were then calculated from this sputter rate and the sputter time. 

Electrochemical measurements were performed on the elec- 
trodes in 2 M phosphate buffer (pH = 6.7); the thermodynamic 
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Fig. 1 Dashed line is the current-voltage characteristic of a 
2.5 wm polypyrrole film on tantalum. The solid line is the current- 
voltage characteristic of a Pt-coated (72 A) polypyrrole film (5 um) 
on tantalum. In both cases data are shown for the sample after it 
was cycled 15 times from 0.6 to 1.0 V (SCE). These latter data are 
indistinguishable from those for a naked Pt electrode. A Ta 
electrode showed essentially zero current (after the oxide formed) 
out to 1.4 V (SCE) and beyond. 
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Fig. 2 Auger depth profile analysis for Pt for a Pt-coated (45 A) 
polypyrrole film (12.5 um) on tantalum. The Pt is mainly confined 
to the outer 100 A, and decays to zero at ~800-900 A, 


potential for water oxidation at this pH is +0.60 V (SCE). The 
working electrode area was defined by a pressure seal having a 
diameter less than the Pt film diameter; this ensured that only 
the Pt coated polypyrrole was in contact with the solution. 

Experiments with Ta electrodes and with just polypyrrole on 
Ta showed that O, could not be evolved from Ta metal and that 
polypyrrole is a poor catalytic surface for H,O oxidation. As 
seen in Fig. 1, O, could not be readily evolved from a poly- 
polypyrrole surface even at 1.4 V (SCE); the data represented 
by the dashed lines in Fig. 1 are for a 2.5 um polypyrrole film on 
Ta. Initially the electrode was cycled between +0.6 and 1.0 V 
(SCE) 15 times to oxidize completely the polypyrrole film and 
thus eliminate interferring anodic current arising from poly- 
pyrrole oxidation; fully oxidized polypyrrole is required for high 
film conductivity." "+. The sample was then cycled from +0.6 to 
+1.4 V (SCE); the maximum generated current density in these 
conditions was <0.2 mA cm”. In contrast to this behaviour, a 
smooth, naked Pt electrode (formed by ion-beam sputtering) 
developed a current density of ~1 mA cm™ at 1.3 V (SCE); this 
is about the minimum current density necessary to observe the 
formation of O, bubbles. At 1.4 V (SCE) the current density 
increased to about 3 mA cm’. 

When a thin film of Pt (~72 A) was sputter-deposited on the 
surface of polypyrrole-coated Ta, O, evolution occurred 
(confirmed by observing bubbles) at the same potential that it 
appeared on the naked Pt electrode and at approximately the 
same current density (1.3 mA cm~’). Figure 1 (solid lines) shows 
a typical current versus voltage curve for the Ta-polypyrrole—Pt 
electrodes we studied. Cyclic sweeps between +0.6 and +1.1 V 
(SCE) were performed before O, evolution for the same reasons 
given above. Inspection of Fig. 1 and comparison of current 
versus time plots for naked Pt and Ta—polypyrrole—Pt samples 
indicate that the electrochemical behaviour of the Ta-—poly- 
pyrrole—Pt electrode is indistinguishable from that of the naked 
Pt electrode with respect to O, evolution. 

The polypyrrole film thicknesses studied ranged from 0.45 to 
12.5 um; they all showed O, evolution on Ta substrates. Despite 
these relatively thick films, the question could be raised 
concerning Pt penetrating through the polypyrrole film and 
reaching the Ta surface thereby short circuiting the polypyrrole 
(Pt deposited on Ta also behaves as a naked Pt electrode with 
respect to O, evolution). To rule out this possibility, a Ta 
electrode with a 6.2 um polypyrrole film and with about 45 A of 
Pt sputtered onto the surface was examined using Auger spec- 
troscopy to determine the elemental profile perpendicular to the 
surface. In this technique a 1-mm diameter Ar ion-beam drills a 
hole into the sample while a 1/8 mm electron beam simul- 
taneously impinges on the walls of the hole. The Pt profile, 
determined by the peak-to-peak amplitude of the characteristic 
1970 eV Auger electron signal of Pt, has a maximum at ~100 
and then decays to background noise levels at ~800-900 A 
depth below the surface (see Fig. 2). The fact that a peak exists at 
100 A and that Pt is detected down to ~800-900 A below the 
surface is probably due to entrainment of Pt atoms by the 
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polymer matrix due to collisions with the Ar ion-beam, and 
momentum transfer in the forward beam direction. In any event, 
Pt clearly cannot short out any of the films studied. 

It was also observed that the thinner polypyrrole films 
(0.45 um) were more physically stable than the thicker films. 
The latter tended to blister after the passage of about 1C of 
charge. The thin films showed no visible deterioration after the 
passage of several coulombs and were very adherent and scratch 
resistant. 

We conclude that an electrochemically deposited polypyrrole 
film can be used to protect a metal surface from self-oxidation in 
conditions where O, is being evolved and where the metal would 
normally form an insulating oxide layer. Because of its high 
conductivity, the film can efficiently transfer charge over large 
distances (12.5 um). We have thus shown that the electro- 
chemical production of O, on Ta~polypyrrole—Pt electrodes is 
almost indistinguishable from naked Pt electrodes. Polypyrrole 
itself cannot evolve O, because it is a poor electrocatalyst for the 
O, evolution reaction. However, an electrocatalyst, such as Pt, 
can be deposited on the surface to ease O, evolution. The O- 
evolution reaction can be confined to the outermost poly- 
pyrrole—water interface, and the film is rather stable both phy- 
sically and chemically in O2-evolving conditions; this is especi- 
ally true for thin polypyrrole films. The results are encouraging 
with respect to the potential application of polypyrrole films to 
stabilize small band gap and non-oxide n-type semiconductors 
for O, evolution in photoelectrolysis cells. 

We thank Terence M. Thomas for the Auger depth-profile 
analyses. This work was supported by the Office of Basic Energy 
Sciences, Division of Chemical Sciences, US Department of 
Energy, under contract EG-77-C-01-4042. 
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The Grímsvötn geothermal area is located within one of the 
most active caldera volcanoes in Iceland in the interior of the ice 
cap Vatnajökull at an altitude of 1,400 m (Fig. 1). Its setting 
offers unique conditions for calorimetric measurement of the 
heat release from the subglacial geothermal system. The melting 
of ice due to the geothermal activity creates a depression in the 
surface of the ice cap. Ice and water are diverted towards the 
depression from a 300km? drainage basin. The meltwater 
accumulates in a 30 km’ subglacial lake. Periodic outbursts of 
water (jékulhlaups) drain the lake subglacially down to the 
Skeidararsandur plain. We propose here that penetration of 
water into hot rock is the primary reason for the intense heat 
release (5,000 MW thermal) of the subglacial Grimsvétn geo- 
thermal area. Injection of water into boundary rocks of magma 
should be considered as a method of heat exploitation. 
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The history of Grímsvötn has been studied extensively’ and 
the first report on a jökulhlaup dates back to AD 1332. From 
1600 until 1934 about one jékulhlaup occurred each decade 
with an estimated discharge of 6-7 km? of water, but since 1934 
there have been two outbursts per decade and the observed 
volume correspondingly smaller, 3-3.5 km’ (refs 1,2). A long- 
term mass balance of the drainage basin has been given else- 
where*. The average accumulation in the form of ice is 
equivalent to 2,200 mm yr™* of water and the surface ablation 
amounts to 500 mm yr™'. A long-term steady-state model for 
the drainage basin proves to be a valid approximation’. The 
water added to the lake is 6.6x10'' kgyr’. About 1.5 x 
10°' kg yr™' are melted at the glacier surface by meteorological 
processes, but the difference, about 5 x 10’ kg yr™' is melted by 
geothermal heat within the drainage basin. The heat flux 
required to melt this ice is ~5,000 MW (thermal). The geo- 
thermal activity responsible for the melting of the ice is not 
limited to the lake but scattered over a large area, estimated to 
be up to 100 km”. If the heat released at Grimsvétn is averaged 
over 100 km’ we obtain an average heat flux density of 
50 W m~™ or some 1,200 h.f.u. To illustrate the dimension of 
this heat flux, note that it is equivalent to the average global heat 
flow through an area of 80,000 km’ or nearly the whole area of 
Iceland. 

Magma is commonly assumed to be the source of heat for 
high-temperature geothermal systems. A heat output of 
5,000 MW is equivalent to the heat released by solidification 
and cooling of ~5 x 10’ m° yr~' of magma down to a tempera- 
ture of 400 °C. A magma volume of at least 20 km’ is required to 
maintain the present heat output at Grimsvétn over the 400 yr 
of reported jOkulhlaups. Given a magmatic source of this size 
the extraction of heat at the observed rate is still problematic. A 
conducting wall separating stagnant magma and a hydrothermal 
system could supply the observed heat flux for a short period 
after intrusion of the magma, but the wall would soon thicken as 
magma solidified and the flux would decline below the observed 
rate. 

The difficulty of explaining the thermal output of high 
temperature systems by conduction from a magmatic source has 
been recognized**: Banwell considered steam released from 
convecting magma to act as a heat carrier. Water could 
penetrate to the magma through a few deep faults, and diffuse 
into the magma, but be released when it had circulated to some 
higher level where the pressure is lower. 

White® proposed alternatives for the Steamboat Springs 
systems, either a convection within a magma chamber main- 
taining magmatic temperatures near the base of the hydro- 
thermal circulation or a fissure system controlling the circulating 
water and gradually extending deeper into the batholith, as 
stored heat was removed at higher levels by circulating water. 
Irvine’ described a convective process in a magma body where 
crystals accumulate in the lower part of the intrusion but the 
temperature near the top remains close to, or above, the liquidus 
temperature of the magma. This process allows higher rate of 
heat loss and solidification than would occur if the crystals were 
frozen to the roof of the magma chamber. Bodvarsson‘ favoured 
penetration of water into the hot rock boundary of intrusions to 
compensate for the increased thickness of the solidifying rock 
that insulated the molten lava from the hydrothermal system. 
Lister“ has presented a conceptual model of the downward 
penetration of water into hot rocks by a process of cooling, 
thermal contraction and cracking. The cracks enable the water 
to penetrate to the horizon of solidification, although the 
horizon proceeds downwards. Thermal insulation of the rock is 
no longer an effective barrier for heat removal as the water is 
steadily penetrating into new, hot rock and carrying its heat 
away by convection. 

Models of a replenished chamber of convecting magma or 
steam released from convecting magma, might explain the heat 
output at Grímsvötn. Recent field evidence obtained by water- 
ing of a molten lava flow, however, Suggests that the process of 
penetration of water into hot rock is most likely to be respon- 
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sible for the heat extraction at Grímsvötn. During the Heimaey 
eruption in Iceland in 1973 water was pumped onto the molten 
lava in attempts to impede the flow and divert it away from the 
town. A fiow of 100 kg of water per second, applied in one place, 
spread over some 7,000 m? of fava, which was engulfed in steam. 
Drillholes revealed that after two weeks of watering the 
solidification of the lava had progressed to a depth of ~12 m, 
leaving the solidified lava at the temperature of saturated steam, 
that is 100 °C. Temperature logs of the holes indicated that the 
transition layer, where the temperature rose from 100 to 
1,050 °C, was only a fraction of a metre thick during watering. 
Excavation of lava after the eruption revealed that the structure 
of water-cooled lava was greatly different from the structure of 
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Fig. 1 Location of Grimsvotn geothermal area within the Vatna- 
jokull ice cap in Iceland. 


large jointed blocks where no water had been applied during the 
solidification. The water-cooled rock was intensely fractured 
and broken into pieces commonly 10-20 cm across. The struc- 
ture resembled entabliature lava, a formation frequently found 
in river beds and canyons, where a lava flow has solidified under 
floods of river water, dammed up by the lava flow’. Each cubic 
metre of lava which solidifies and cools down to 100 °C releases 
sufficient heat to evaporate 1.4 m° of water. To evaporate 
100 kgs~’ of water spread over 7,000 m° of lava the heat flux 
density must have been ~40 kW m7”. 

The propagation rate of the front of solidification was 12 m in 
14 days or 0.9m per day. In mode! caiculations one may view 
this process as stationary, seen from the solidification boundary. 
Instead of considering the boundary progressing downward at a 
constant rate, one may, in calculations, assume that the boun- 
dary is fixed, but the lava is moving upwards and solidifying as it 
passes the fixed boundary. Just above the boundary there is a 
thin transition layer of solid, uncracked rock, where the heat flux 
is carried by the moving rock and by conduction. The first cracks 
which appear above this layer are narrow and filled with super- 
heated steam but the bulk of the rock above has shrunk by 
cooling and developed cracks wide enough to admit percolation 
of a mixture of water and saturated steam. Simple calculations 


based on this model give 0.1 m for the thickness of the conduc- 
tive transition layer. i 

There is every possibility that the effective extraction of heat 
by watering of hot rock at Heimaey can also take place at the 
boundaries of magma bodies or intrusions at a depth of several 
kilometres, if water is readily available. The process acts in hot 
rocks close to solidus temperature, irrespective of whether the 
heat source is a regular confined magma chamber or a swarm of 
magma sheets, completely or partially molten. There are, 
however, two reasons to expect lower heat flux densities than in 
the surface lava. First, due to higher overburden pressure at 
depth the cracks will open up at a lower temperature. Second, 
the heat is transported upwards by a one-phase fluid at pressures 
exceeding the critical pressure of water®. 

Returning to the problem of heat transfer from the Grímsvötn 
caldera, a magmatic source of heat must be inferred, but its size 
and depth has not been investigated. Observations of S-wave 
shadows at the Krafla caldera in the Northern Volcanic Zone of 
Iceland:suggest a magma body at 3-7 km depth beneath that 
caldera’”. Its horizontal extent is ~8 km”. Assuming 10 km? for 
a similar body under Grímsvötn, water penetrating into that 
body would have to propagate at an average rate of 5 m yr! to 
yield the observed flux of 5,000 MW. At the deep end of the 
geothermal system, where the temperature may be near 400 °C, 
a mass flux of 2,400 kg s~* of water is required to transport the 
extracted heat up to the bottom of the glacier. Vertical 
permeability is likely to be favourable near the ring fractures of 
the caldera. A special feature at Grímsvötn is the cyclic loading 
of the caldera by accumulation of meltwater for 5 yr and a drop 
of the water level of the lake by 100m in one week during 
jOkulhlaups. This sudden drop in pressure might help to keep 
fractures open and it has even been suggested that it could excite 
magma and lead to eruptions, which sometimes have been 
observed to coincide with j6kulhlaups’. 

The above considerations have important implications for the 
exploitation of geothermal systems which derive heat from an 
underlying magma body. Drilling of wells for injection of water 
into the hot rock boundary might accelerate the heat extraction 
and aid in the generation of steam, where water is deficient, or 
the access of water to the magma body is hindered by an 
impermeable barrier. Controlled injection of water might even 
be used to establish reservoir conditions in temperature, pres- 
sure and fluid saturation which are optimal for the exploitation. 
There are some indications that the Krafla geothermal system" 
in Iceland might be a water-deficient system of this kind. On the 
other hand, abundant supply of water might explain the fact that 
geothermal systems with the highest natural heat output in 
Iceland are found in subglacial areas". 

We thank I.B. Fridleifsson and S. Thorarinsson for con- 
structive comments and G. Bodvarsson, G. Foulger, K. Grön- 
vold and V. Stefansson for criticism of an early version of this 
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Reports on problems associated with sampling, handling and 
measuring interstitial waters’ have led fo a refinement in 
methodology, but apart from the introduction of in situ samp- 
ling, techniques have net fundamental changed. The in situ 
techniques include a hydraulically operated device for filtering 
samples at pre-selected sediment depths on the ocean foort”, 
and the insertion of dialysis membranes into sediments where 
they are left to equilibrate”. The former method requires 
specialized unwieldy equipment, and the latter necessitates a 
return to the sampling site. We report here a new method for 
measuring Fe (11), Mn (11) and sulphide ions in the interstitial 
waters of anoxic sediments which have been sampled using a 
simple corer. Rapid filtration directly into a polarographic vessel 
permits the extraction of interstitial water and the measurement 
of all three components <5 min after subsampling the sediment. 
The non-destructive polarographic measurement is able to 
assess the extent of contamination by oxygen and to study 
subsequent reactions in the interstitial water. 

Previous workers*” have noted that Fe(11) in interstitial water 
can be readily oxidized which can lead to erroneously low results 
for Fe(II) determinations. Scavenging by the freshly formed 
Fe(III) species can distort the analysis of trace metals, silica and 
phosphate’. Recommendations for handling in oxygen-free 
conditions have therefore been madet” but glove box tech- 
niques can be laborious and monitoring oxidation which occurs 
during handling is difficult. Complications are introduced by the 
need either to squeeze under high pressure or to centrifuge to 
obtain sufficient sample for analysis. Observations in our 
laboratory have shown that equilibration using dialysis 
membranes is unsuitable for sediment rich in iron and sulphide, 
because FeS may precipitate inside the membrane and so total 
analysis for iron and sulphide does not give equilibrium concen- 
trations in solution. Polarography unambiguously measures, on 
as little as 1 mi of sample, solution species of unique oxidation 
state’, Such a small volume may be obtained by simple hand 
filtration and refinements, such as small filter pore sizes, are 
unnecessary because the technique distinguishes the soluble 
component. Moreover, the technique functions best in the 
oxygen-free conditions which these waters provide. 

Jenkin cores'' of the sediment—water interface were taken 
from Esthwaite Water’? and Rostherne Mere’’, both seasonally 
anoxic lakes with organic-rich fine sediments, using core tubes 
with pre-drilled 3 mm diameter holes at 5 mm depth intervals 
and sealed with polythene tape. A 20 ml disposable syringe 
fitted with a 7.5cm 12G stainless-steel needle was flushed 
several times with N, and then used to remove a 10 ml sub- 
sample of sediment. A 47 mm Swin-Lok (Nucleopore) filter 
holder, containing a Whatmans GF/C glass fibre filter, was fitted 
with 10 cm of 0.5 mm bore polythene tubing which led to the 
bottom of a standard Metrohm EA-800-5 polarographic cell 
assembly containing three electrodes: hanging mercury drop, 
platinum wire and calomel. The cell was flushed with a 
controlled gas mixture of Ar and CO, and the filter holder was 
flushed with Nz. Immediately the N, stream was disconnected 
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from the filter assembly the syringe of sediment was attached. 
1-2 minutes of hand pressure on the syringe provided the 
necessary 1-5 ml of sample for measurement. A polarographic 
scan from 0 to 1.7 V was immediately initiated while the Ar- 
CO, mixture was flushed over the surface of the liquid. Trials 
with various filter assemblies indicated that a unit with a large 
dead volume, in this case 3-4 ml, was needed because the wide 
passages prevented constriction and allowed rapid movement of 
slurry and also ensured that there was sufficient volume to 
accommodate the particulate material in proximity to the filter. 
It was possible to use Whatmans GF/F or Millipore 0.45 um 
filters if the filtration time was extended. 

Figure 1 shows typical polarographic scans of the overlying 
water and interstitial water. The polarography of anoxic lake 
water has been well dccumented'*’* and measurements on 
interstitial waters have recently been reported’®. The named 
peaks in Fig. 1 have been well characterized and the pre-wave at 
~1.1V has been attributed to interactions between Fe’” and 
sulphide'*, Determination of sulphide, Fe (11) and Mn (11) in a 
single scan is particularly useful because iron and manganese 
reflect the redox conditions of the sediments and are often major 
components in the interstitial waters’’. Ferrous sulphide is 
usually a controlling solid phase. Figure 1 indicates that iron is 
dominant and sulphide is restricted to undetectable (<0.3 pmol 
17?) levels in the interstitial waters of Esthwaite Water, whereas 
in Rostherne Mere sediments the higher sulphate concentration 
of the overlying water (0.58 mmoll” compared with 
0.13 mmol I”! for Esthwaite Water) allows sulphide to dominate 
and suppress the iron. Respective concentrations (in pmol I )of 
sulphide, Fe (11) and Mn (11) taken from Fig. 1 are: for overlying 
Esthwaite Water 4, 110 and 42; for interstitial Esthwaite Water 
<0.3, 550 and 53; and for interstitial Rostherne Mere 15, 1.7 
and 370. Measurement of the pH of interstitial Esthwaite Water 
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Fig.1 Differential puise polarograms (current versus potential) of 

a, the overlying lake water of Esthwaite Water; 6, interstitial water 

of Esthwaite Water; and c, interstitial water of Rostherne Mere. 

The interstitial water samples were from a sediment depth of 

3-4 cm. Samples a and b are for 8 September 1981 and sample c 
for 30 September 1981. 
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Fig. 2 Decay of Fe (11) with time. O, No stirring, sampled on 

23 September 1981; A, bubbling with Ar—Co., sampled on 

24 September 1981; (1, with magnetic stirring, sampled on 

29 September 1981. All samples are from Esthwaite Water sedi- 
ment at a depth of 4-5 cm. 


by inserting an electrode into a filtered sample and extrapolating 
to zero time gives a value of 6.94 which agrees well with the 
value of 6.88 from an electrode inserted directly into the sedi- 
ment. For Rostherne Mere, however, values from analogous 
measurements differ and are 7.1(extracted) and 6.8 (direct). The 
overlying water is known to have a pH of 7.13 (10°C)”*. 
Therefore the solubility product, pK X” = ap" + dus—/(H’), 
can be calculated using documented activity coefficients’? to be 
2.71 for overlying Esthwaite Water, >3.45-3.55 for Esthwaite 
interstitial water and 4.05-4.55 for Rostherne Mere interstitial 
water. The result for the overlying water is in good agreement 
with previous work’®’. Both interstitial waters seem to exhibit a 
reduced solubility and, because the solid phase has more oppor- 
tunity to age in the sediment than in the anoxic waters of the 
lake, support is given to the supposition that the ageing solid 
phase controls the interstitial water concentrations’”””. This 
result, and the small Mn (11) gradient and large Fe (11) gradient 
across the sediment-—water interface, which agrees with previous 
water column measurements’, show how useful is this simple 
handling technique. The method should be applicable to 
organic-rich marine sediments, although the Fe (11) and Mn (11) 
peaks will be closer together””*. Because anodic stripping 
voltammetry uses the same equipment this simple procedure 
could be used to measure trace metals in interstitial water. 
Changes in the concentration of pore water components after 
extraction from the sediment have previously been noted‘. 
Because polarography is a non-destructive technique any 
change may be continuously monitored on the same sample. 
Figure 2 shows the change in Fe (11), as a percentage of the initial 
measured value, with time, for a quiescent solution, one stirred 
with a magnetic flea and one bubbled with an Ar-CO, mixture 
with, in order to preserve a constant pH of 6.94, the same partial 
pressure of CO, as that in the pore water (corrections for loss by 
volatilization have been made). Ferrous iron decays to a new 


lower equilibrium value when the solution is stirred. This result. 


cannot be readily attributed to an oxidation effect because 
bubbling with the inert gases results in a lower equilibrium value 
and Mn (11), which has much slower oxidation kinetics”*, also 
shows an initial decay. In all solutions Mn (II) was reduced to 
95% of the initial signal after 10 min and thereafter remained 
constant. Moreover the polarographic technique is able to 
measure oxygen directly in the sample’? and show that it was 
never initially greater than 4 umol 1~*. This introduced oxygen 


was quickly consumed (<5 min) by the solution to undetectable 
quentities, but it would be insufficient to account for > 100 umol 
1 of Fe (11) which were removed after 200 min (Fig. 2). It must 
be concluded that once pore water is extracted a re-equilibrium 
occurs which, contrary to previous conclusions’, need not be 
linked to oxidation, loss of CO, or changes in pH. 
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The dissolution of metal oxides that are normally insoluble in 
aqueous solution is an important process in the transport of 
corrosion products around the circuits of water-cooled nuclear 
reactors’, and in reactor decontamination’. It has recently 
been shown*~ that one-electron reducing agents dissolve iron 
(Ili) oxides, often at much faster rates than the more con- 
ventional reagents such as chelating agents and strong acids. In 
appropriate conditions the products of water radiolysis can be 
used to generate the one-electron reducing reagents in the form 
of free radicals. We report here our preliminary results on the 
radiation-induced dissolution of colloidal Fe2O0, by propan-2-ol 
radicals, Me,COH, in acidic aqueous solution. 

Colloidal Fe,O, was prepared by the method of Matijevic et 
al”. Aqueous solutions containing 3 x 107? mol dm™ FeCl; and 
5x 107° mol dm~™ HCI were refluxed for 2 weeks at 100 °C. The 
colloidal particles were spherical, with diameters of 0.5-1.5 um 
as shown by electron microscopy of the dry material and by 
particle sizing of the colloidal solution. The latter measurements 
showed that the mean diameter of the particles was 0.9 um and 
the FWHM of the diameter distribution 0.6,m. These 
parameters changed little from one preparation to another. 

Irradiations were carried out using °°Co y rays at dose rates of 
0.15-0.8 krad min™ on solutions at pH 2.2 containing ~ 107”? 
mol dm? FeO, particles and 10°’ mol dm™ propan-2-ol, 
saturated with N20. In these conditions the following sequence 
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Fig. 1 Fe** formed in the reduction of Fe** and colloidal Fe,0; 
by Me.COH. Inset: effect of dose rate on the rate of formation of 
Fe** from Fe2O3. a, 0.17 krad min`’; b, 0.82 krad min`’. 


of reactions generates propan-2-ol radicals with G(Me,COH) = 
7, where G is the radiation chemical yield in molecules 
(100 eV)"’, 


H,0e,,, H, OH, Hz, H,0, (1) 
H2O 
Cag + N20 > N, +0 (—>OH+0H’) (2) 


OH or H+Me,CHOH > Me COH + H,O or H; > (3) 


After an irradiation the remaining colloidal Fe O, was removed 
by centrifuging and the dissolved iron was measured as Fe(II) 
using o-phenanthroline, either as.Fe(11) alone or as total iron 
after reducing Fe(111) with hydroxylamine. 

Figure 1 summarizes the results. The high initial yield of Fe?* 
is due to the reduction (reaction (4)) of Fe** present in the 
colloidal preparation (~ 6 x 107° mol dm~’), and the lower yield 
represents the reduction of Fe(111) in the colloidal particles. On 
the basis that the competing reactions involving Me,COH after 
the initial Fe** has been reduced are (5) and (6), the observed 
dose rate effect (Fig. 1 inset) is consistent with reaction (5) being 
diffusion controlled. 


Me.COH + Fe** > Fe** + Me CO +H* (4) 
Me COH + Fe(III) sonia > Fe?* + Me CO +H* (5) 
2 Me2COH > Me,CO+ Me,CHOH (6) 


Experiments in the absence. of propan-2-ol and N 20 show that 
hydrogen atoms formed in reactions (1) and (7) also bring about 
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Fig. 2 Radiation-induced (@) and thermal (©) dissolution of 
colloidal Fe,O; by Fe(11)-EDTA, _ 
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Reaction (6) competes favourably with reaction (5) because of 
the low concentration of colloidal particles (~ 10™'? mol dm~?) 
and this is a limiting factor to the rates of dissolution which can 
be achieved. However, this problem can be overcome by adding 
EDTA to the system, as shown by Fig. 2. In the presence of 107° 
mol dm EDTA the rate of radiation-induced dissolution is 
greatly enhanced and when the irradiation is stopped the dis- 
solution process continues at a rate which depends on the 
radiation dose. The explanation for these effects is that dissolved 
Fe’* complexes with EDTA to form Fe(1)-EDTA which 
undergoes reaction (8) with the colloidal Fe,O; and Me;COH 
now reduces Fe(111)-EDTA in reaction (9) 


Fe(11)-EDTA + Fe(III) onoia> Fe?* +Fe()-EDTA (8) 


Me,COH + Fe(111)-EDTA > Fe(11)-EDTA+Me,CO+H* 
l (9) 


Because reaction (9) occurs in the bulk solution and [Fe(111)— 
EDTA] >[Me,COH], reaction (6) cannot compete with it. 
From the measured rates of thermal dissolution we calculate 
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Fig. 3 Radiation-induced dissolution of Fe30; by Fe(u)-EDTA. 
The vertical broken line shows the dose ‘at which no uncomplexed 
EDTA remains. , 


kg = 210° dm? mol”! s™*, indicating that reaction (8) is ~10°- 
fold slower than diffusion controlled. a 
Ultimately, sufficient dissolved iron is produced to complex all 
the EDTA. When this state is reached the rate of dissolution of 
the colloid will be limited by the rate of reaction (9) provided 
sufficient Fe(11)-EDTA remains in solution (see Fig. 3). 
However, G(Fe?*) ~ 5 instead of 7 (= G(Me,COH) as expec- 
ted. This discrepancy is attributed to a reaction of Me COH with 
the EDTA or an impurity introduced with it, because G(Fe(11)) 
from solutions of Fe(im)-EDTA in. the absence of Fe,O, 
followed a similar pattern, G(Me.CO) = 7,7 was obtained in 
both cases, which is the expected result if ail Me,COH is 
oxidized because GiH,O;) (see reaction (1)) is 0.7 and H,0, 
also generates Me COH through reactions (10) and (3) 
H20; + Fe(it) > Fet) +OH+OH™ (10) 
Two points of wider implications emerge from this work, First, 
water radiolysis leading to the generation of reducing free 
radicals may bring about dissolution of corrosion products in the. 
reactor core. There is growing evidence*? that radiolysis 
enhances the corrosion rates of certain materials and, although 
several other factors are involved, there is good reason to 
believe that the intermediacy of species such as the hydrated 
electron will increase the rate of release of iron from corroded 
surfaces in radiation zones. The second point is the potentially 
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important part played by complexes of iron(II), such as Fe(11)- 
EDTA, in reactor decontamination. Many commercial reactor 
decontaminating reagents are composed of mixtures of organic 
acids and complexants. These alone tend to be poor at effecting 
the dissolution of iron (11I)-containing oxides, although some 
dissolution may occur, for instance, by corrosion of the underly- 
ing metal to give Fe** in solution. We suggest that complexes of 
this ferrous ion give rise to a further, and possibly much more 
rapid, autocatalytic dissolution. Recent experiments show the 
dissolution of haematite powder by oxalic acid to occur by an 
autocatalytic process of this type (R.M.S., unpublished data). 

T.R. thanks the SERC for a CASE studentship and R.M.S. 
thanks the Central Electricity Generating Board for permission 
to publish this paper. 


Received 13 November; accepted 21 December 1981. 


1. Taylor, N. K. Rev. Coatings Corr, 2, 261-321 (1978). 

2. Ayres, J. A. Decontamination of Nuclear Reactors and Equipments (Ronald, New York, 
1970). 

3. Osterhout, M. M. Decontamination and Decommisioning of Nuclear Facilities (Plenum, 
New York, 1980). 

4. Segal, M. G. & Sellers, R. M. JCS Chem. Commun., 991-992 (1980). 

5. Segal, M. G, & Sellers, R. M. JCS Faraday Trans. I (in the press). 

6. Bradbury, D., Segal, M. G., Sellers, R. M., Swan, T. & Wood, C. J. Water Chemistry of 
Nuclear Reactor Systems Vol. 2, 403-408 (British Nuclear Energy Society, London, 
1981). 

. Matijevic, E. & Scheiner, P. J. Colloid Interface Sci, 63, 509-524 (1978). 

Ishigure, K., Kawaguchi, M., Oshoma, K. & Fujita, N. Water Chemistry of Nuclear Reactor 

Systems Vol. 2, 293-298 (British Nuclear Energy Society, London, 1981). 

9. Christensen, J. Radiat. phys. Chem. 18, 147-158 (1981). 


90 J 


aa ma a a A OE EE A 





Uranium-—lead system in 
fragments of a single zircon grain 


Urs Schirer & Claude J. Allegre 


Laboratoire de Géochimie et Cosmochimie, Institut de Physique du 
Globe et Département des Sciences de la Terre, Universités Paris VI 
et VII, 4 place Jussieu, 75230 Paris Cedex 5, France 





Since the demonstration that U-Pb analyses of zircon fractions” 
(from a few grains up to several thousand grains or fragments of 
grains”) or single zircon grains”* yield reliable radiometric age 
data, this method has been widely applied to igneous, 
metamorphic and sedimentary rocks. The present investigation 
of U-Pb systems for a suite of distinct fragments of a single 
zircon grain from a 1,093+7§-Myr old syenite of the Pikes Peak 
batholith (Colorado, USA) demonstrates that uranium is 
heterogeneously distributed in this zircon crystal. Most parts of 
the grain suffered various degrees of lead loss, the others show a 
closed-system behaviour. We show that degrees of lead loss are 
not correlated with uranium concentrations of the fragments. 

In contrast to other U-bearing minerals such as monazite and 
sphene, zircons often show an open-system behaviour for lead 
defining discordant age patterns ?°°Pb/7*U age <*°’Pb/*”°U 
age <7°’Ph/?°SPb age). The most common presentation of U-Pb 
age data is as the Concordia diagram? in which *°°Pb/***U is 
plotted against *°’Pb/?*°U (with reference to the Concordia 
curve). The perturbations of the U-Pb systems creating the 
discordancies in zircon are interpreted as being mainly due to 
either continuous lead diffusion”, or episodic lead loss”. In 
many cases a combined diffusion-episodic model”? or a multi- 
stage episodic lead loss model”? is needed to explain the data. 
Uranium gain” has also been suggested as an important cause of 
discordant U-Pb ages. 

Our main aim was to elucidate the U-Pb systematics in a 
single zircon grain. In contrast with previous work which was 
based on zircon fraction—or single—grain measurements, the 
present study focused on distinct fragments within a single 
zircon grain. For comparison, a grain by grain U-Pb dating of 
zircon and coexisting allanite/chevkinite was carried out. Both 
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minerals were extracted from a quartz-fayalite-syenite body 
(B65D) from the central part of the Pikes Peak batholith. The 
mineralogy, petrology, major/minor element chemistry and 
genesis of this batholith has been extensively studied by Barker 
and co-workers!***. For the genesis of the quartz-fayalite— 
syenite they conclude on an alkali olivine basaltic magma which 
reacts with a lower crust of granulite facies. Previous K-Ar and 
Rb-Sr mica ages'*”® from different lithological variants of the 
batholith yield ages between 930 and 1,060 Myr (recalculated 
for the conventional decay constants’). Rb-Sr whole rock 
isochrons determine ages of ~1,008 Myr (ref. 13) and 1,019+ 
13 Myr (ref. 14) for the emplacement of the batholith. 

The zircon population of the quartz-fayalite-syenite consists 
of slightly coloured, transparent to yellow-brown, translucent 
euhedral prisms with a pronounced concentric zoning. The 
length-to-width ratios vary from about 1/1 to 10/1. Small grains 
are mainly free of microscopically visible inclusions whereas 
coarser crystals frequently contain different inclusions—mostly 
opaque phases. The analysed allanite/chevkinite are dark-red 
glassy subhedral grains. To verify the mineralogical composition 
of zircon, a series of grains was analysed for major and trace 
elements on the CAMECA IMS 3F ion microprobe. Tracing of 
profiles in single crystals showed that all grains consist of at least 
98% of Zr-silicate. Therefore an intergrowth of zircon with 
other U-bearing mineral phases such as xenotime can be 
excluded. The chemical compositions (major elements and a few 
trace elements) of three opaque inclusions in zircon were also 
determined. The analyses show that the inclusions consist of Al, 
Fe, Ca-silicate phases with U and Th concentrations of the order 
of 1%. The allanite/chevkinite grains represent a Ca, Ti, Ce, 
Fe-silicate as revealed by electron-microprobe analysis. 

U-Pb results of the grain by grain analyses for both minerals 
are shown in Fig. 1 and listed in Table 1. The analysed zircon 
grains are free of microscopically visible inclusions. Grains 1, 2 
and 7 (see Table 1 and Fig. 1) are transparent prisms with 
width-to-length ratios of about 1/3, whereas grains 3 and 4 show 
identical habits but a higher degree of radioactive damage. 
Crystals 5 and 6 are translucent short prisms with length-to- 
width ratios of ~1/1 and zircon 10 is a translucent long prismatic 
grain. Zircons 8 and 9 are surface-rich almost spherical trans- 
parent crystals with a well developed concentric zoning. 

A regression line?’ (Fig. 1) including the data from the 10 
measured zircon grains and the allanite/chevkinite grain inter- 
sects the Concordia curve at 1,097795 Myr and 1094150 Myr. 
The upper intercept age can be interpreted as the time of 
crystallization of zircon. The lower intercept age could be 
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Fig. 1 Concordia diagram for U-Pb grain by grain analyses of 
zircon and allanite/chevkinite from a quartz—fayalite-syenite body 
within the Pikes Peak batholith (Colorado, USA). 
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Table 1 U-Pb results of the grain by grain and zircon fragment analysis a 
. © Uand Pb © Radiogenic lead Atomic ratios Apparent gas 
| concentrations mona {atomic %) 7 ; (Myr) 
Weight in (ppm) 226 Pb (24 Ph Pb ee ee: Spp. Mpb, RD 

Sample 10% g U* Pha Pb measured Pb Pb Ph ha ay Wepph my ay ph 
Grain by grain analyses o Eros (approx.) 
Zircon #15 £14 £34 
1 ND T —§ 815 77.4 5.9 16.7 0.1489 1.555 0.07579 895 953 1,090 

2 37,44+0,2 766 109 7.5 435 85.4 6.3 8.3 0.1413 1.443 0.07409 852 907 1,044 

3 ND ~ 689 82.7 6.2 11.1 0.1350 1.407 0.07558 816 892 1,084 

4 ND _— 112 82.1 6.0 11.9 0.1332 1.348 0.07340 806 867 1,025 

§ ND — 770 80.5 6.0 13.5 0,1326 1.368 0.07482 803 876 1,064 
6 80.0+10.0 650 90 — 2,400 82.0 6.2 11.8 0,1322 1.378 0.07558 800 880 1,084 
7 100.0 +10.0 490 50 -== 866 -79.8 6.0 14.2 0.1234 1.287 0.07564 730 840 1,086 
g 47.840.2 350 44 ~ 110 82.1 6.3 11.6 0.1190 1.266 0,07720 725 831 1,126 
9 44. 040.2 715 86 5 420 $1.3 6.1 12.6 0.1133 1.182 0.07570 692 . 792 1,085 
10 140.04 16,0 1,930 203 32.0 352 8.1 5.8 13.1 0.09968 0.9808 0.07137 613 694 968 
Allanite/chevkinite 

56,.040.2 240 463 19.5 146 8.0 0.6 91.4 0.1773 1.832 0.07493 1,082 1,057 1,067 

Zircon fragment analyses 
F, 101.3+0.2 958 153 S5 381 56.6 4,0 39,5 0.1049 1.014 0.07012 643 711 932 
F, 46.6+0.2 1,181 345 2.0 1,170 52.1 3.9 44.0 0.1767 1.823 0.07483 1,049 1,054 1,064 
F, —  30,040.2 207 38 _ 501 77.9 5.8 16.4 0.1653 1.698 0.07450 986 1,008 1,055 
F, 21.9%0.2 657 134 se 603 73.3 5.5 21.2 0.1757 1.823 0.07528 1,043. 1,084 1,076 
F; 13,8+0.2 473 99 an 200 74.1 5.4 23,5 0.1737 1.831 0.07644 1,033 1,057 1,107 
Fs 14,3+0.2 838 183 = 234 65.2 4.9 29.9 0.1649 1.714 0.07541 984° 1,014 1,080 
F, 23.640.2 518 81 235 35 75.8 5.7 18.5 0.1501 1.556 0.07520 902 953 1,074 
F, 37.620.2 2,274 361 32.0 396 64,3 4.7 31.0 0.1188 1.189 0.07256 724 795 1,002 
F, 14.740.2 561 73 14.0 112 735.4 5.5 19.1 0.1146 1.153 0.07301 699 779 1,014 
Fie 6.7+0.2 653 96 — 203 82.1 6.2 11.7 0.1383 1.443 0.07567 835 907 1,086 
Fee 40.0 10.0 1,120 335 — 1,373 53.0 3.9 43.1 0,1836 1.900 0.07508 1,086 1,081 1,071 
Fib §0.0+ 10.0 950 220 6.5 648 58.4 4.4 37.2 0.1578 1.627 0.07483 944 981 1,064 
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Decay constants and atomic ratios were used according to the recommendation of IUGS*’, After dissolution of zircon**, element separation and purification?" the atomic 
compositions and concentrations have been determined by isotopic dilution (*°*Pb-?*U mixed-spike) in a Thomson THN 206 mass spectrometer. The samples were loaded 
with HPO, and silica gel on Re single filaments. The isotopic composition of blank common lead was determined to: 17.98 + 0,10 (2¢ errors) for?°Pb/ “Pb, 15.45 £0.10 
for *°’Pb/?*Pb and 37.28+ 0.20 for °*Pb/?*Pb. The blank amount for lead varies between 40 107" g and 280 x 10°"? g with an average value of ~140x10"'? g 
whereas the U blank lies at ~20 x 107"? g (the lead-blank consists of 20-40 x 10°” g introduced by the chemical procedure and 20-260 x 10°”? g extracted from the Teflon 
bombs in which the zircons are dissolved; the uranium blank is mainly due to memory effects in the Teflon bombs). Taking into account the observed isotopic variation of 
blank common lead as well as the precisions of Pb and U measurements, the accuracies are: 1.5% for ?°°Pb/**U, 2.0% for ’Pb/?95U and 1.7% for 2°’ Pb/?°"Pb, The 20 
errors of the Concordia intercept ages are computed from the intersections of the asymptotes to the hyperboles that limit the confidence interval of the regression lines*’. 


ND, not determined. 
* Corrected for a U-blank of 20x 107"? g. 


t Radiogenic lead corrected for blank common lead and where present (see-Pb,) corrected for incorporated common lead with: ?°*Pb/?"*Pb of 16.64, 2°’Pb/?"*Pb of 


15.35 and *°*Pbh/?*Pb of 36.58. 


+ Incorporated common lead, calculated for maximal blank common lead amount. The given values are therefore minimum concentrations. 


§ No incorporated common lead detectable. 


explained by different models: (1) diffusive lead loss; (2) 
combined diffusive-epidodic lead loss; and (3) epidodic lead 
loss. Previous K-Ar and Rb-Sr data‘'*’® do not indicate any 
episodic event postdating the intrusion of the batholith, thus 
favouring an interpretation by a continuous lead diffusion®”’ 
(Fig. 1, line a: volume-dependent diffusion®, and line $: time- 
dependent diffusion’). On the other hand, several episodes of 
Tertiary volcanism’*** (~20-70 Myr ago) are known in areas 
south of the batholith, so an episodic or combined episodic 
-diffusion lead loss of zircon cannot be excluded. An episodic 
lead loss would mean that the U-Pb system in zircon is more 
sensitive to moderate heating than the Rb-Sr system in 
minerals. However, exactly discordant age pattern cannot be 
determined. 

The concordant allanite/chevkinite grain does not plot on the 
regression line yielding a slightly younger age of ~1,060 Myr 
(upper intercept age being ~1,097 Myr). This disagreement on 
age could be due either to a real age difference reflecting the 
cooling history of the pluton or to an incorrect common lead 
correction. As this mineral contains a large amount of common 
lead (~20 p.p.m., see Table 1), the isotopic composition of 
which is not known, the apparent younger age could be caused 
by this uncertainty. The deviations of zircons 2, 4, 8 and 10 from 
the regression line can also be explained by an incorrect com- 
mon lead correction due to unknown lead in zircon. Grains 2 and 
10 with common lead concentrations of 7.5 p.p.m. and 32 p.p.m. 
respectively (see Table 1) are the best illustration of this obser- 
vation of incorporated lead in zircon. The lead could be either 
primary common lead absorbed during growth of the crystal or 
younger common lead which diffused from the intergranular 
phases into zircon. Such a mechanism might take place in 


fissures or highly metamict parts of the grain. 

The primary lead, included during growth of zircon and 
allanite, can be (1) common lead from an. uncontaminated 
mantle magma, (2) common lead from a contaminating older 
crust, or (3) inherited radiogenic lead from U-bearing minerals 
from an older crust. The latter two types of lead would yield too 
high *°’Pb/?°*Pb ages with respect to the real crystallization age 
of zircon and allanite. A weak indication for such an older lead is 
given by grain 8 (°°’Pb/?°°Pb age 1,126; Table 1). 

None of the deviations from the regression line can 
be fully explained by uncertainties of the isotopic composi- 
tion of lead introduced during analysis (blank common lead, 
Table 1). ? 

A zircon weighing ~0.5 mg was broken into 11 distinct 
fragments. The yellow-brown. translucent. grain. showed a 
microscopically clearly visible igneous zoning. The fragment 
edges crosscut these heterogeneities and therefore the zircon 
parts analyses do not reflect the different growth stages of the 
crystal. Figure 2 shows the location of the. various fragments 
(F,-F,,) in the zircon grain. The fragments were obtained by 
selective breaking in an agate mortar filled with alcohol. The 
zircon was first broken in two parts almost equal in size (frag- 
ment F,~F, and F,-F, , respectively), then the upper part (F;—F,) 
was broken into three pieces, F,, F, and a remaining part (F3-F,) 
which was then divided. Fragments F,-F,) were separated in the 
same way from the other half of the crystal. In contrast with the 
well defined fragments F,—F;, F,, consisted of small splinters 
and therefore this fragment was analysed through two series 
(Fi,. and F, ,,) of such small pieces, Except for F;, F4, Fio (centre 
domains) and F,,, and F,,,, all fragments crosscut the whole 
crystal. The centre domains reach only to about two-thirds of the 
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Fig.2 Concordia diagram for U-Pb zircon fragment analyses of a 
single grain from a quartz—fayalite-syenite body within the Pikes 
Peak batholith (Colorado, USA). 


depth of the crystal. The three-dimensional relationship of F11. 
and Fii» is not known. 

Figure 2 represents the Concordia diagram for the U-Pb 
fragment results (Table 1). The most remarkable observation 
from the fragment analyses are the concordant fragments: no 
concordant grains could be found. Additionally, the spread of 
degree of lead loss is larger than among single grains. The 
coexistence of concordant and strongly discordant fragments 
demonstrates that the U-Pb system remained closed for some 
crystal parts while others suffered a strong lead loss. This 
difference in behaviour occurs at a very small scale (<0.1 mm) as 
is best shown by the most discordant fragment F, and the 
adjacent concordant fragment F2. 

The concordant fragments, together with the large spread of 
degrees of discordance permit, for this zircon population, a more 
precise age determination than the grain by grain analysis. A 
regression line including all fragment data (Fig. 1) defines an age 
of 1,093*?4 Myr for the crystallization of the zircon grain (grain 
by grain analysis: 1,097*$5 Myr). The deviation of fragment F; 
and Fio could again be ascribed to an incorrect common lead 
correction due to small, not detectable incorporated lead in 
zircon. 

The different degrees of lead loss are not correlated with the U 
concentrations of the fragments nor with their location within 
the grain. The most discordant fragment F, with a U concen- 
tration of 958 p.p.m. and the adjacent concordant fragment Fz 
with a higher U concentration of 1,181 p.p.m. support these 
observations which strongly contrast with the other pattern 
observed from zircon fraction analyses (thousand of grains) 
which shows a positive correlation between increasing U 
concentrations and degree of lead loss. The most discordant 
grains 9 and 10 (Fig. 1) and the most discordant fragments F,, Fg 
and F, (Fig. 2) are characterized by unusually high common lead 
contents (Table 1). This observation could indicate a relation- 
ship between loss of radiogenic lead and gain of common lead. 

These results suggest that the discordancy phenomenon 
should be discussed in terms of domains within a single grain and 
not in terms of grain dimensions or volume diffusion relative to 
grain size. Our cutting techniques do not allow us to determine 
domain geometry or size—further research is necessary. The 
variability of the common lead contents in the fragments 
suggests that we should consider lead loss as an exchange with 
the surroundings rather than as a one way process. 

As the regression line coincides within analytical error to a 
volume-dependent® as well as a time-dependent’ continuous 
lead diffusion model (Fig. 2, line a and b respectively), continu- 
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ous lead diffusion appears to be the most plausible inter- 
pretation for the discordant U-Pb ages of the zircon fragments. 
However, the relatively large errors do not allow us to resolve 
definitively whether or not a subordinate episodic lead loss 
occurred. On the other hand, an episodic lead loss alone, related 


to the Tertiary volcanism?””? in the adjacent areas ~20-70 Myr 


ago, cannot explain the lower intercept age of 223772 Myr. 

This study of one grain shows that the lead loss mechanism is 
more complex than generally thought and in particular probably 
occurs at the domain side. Thus the degree of discordancy varies 
through a single zircon grain and permits an accurate dating. 

The age of 1,093*73 Myr of the quartz-fayalite-syenite is 
significantly older than the previous Rb-Sr whole rock age** for 
the Pikes Peak batholith (1,019 + 13 Myr). This difference could 
be explained in two ways: (1) the lithological variants of the 
Pikes Peak batholith crystallized in a time range of ~70 Myr; or 
(2) the Rb-Sr system in whole rocks remained open for ~70 Myr 
while the U-Pb system in zircon was closed from the very first 
moment of crystallization of the pluton. As there is no indication 
for a metamorphism in this rock’*”’ interpreting the younger 
Rb-Sr age as a reopening of the system is difficult. 

We thank F. Barker and the USGS for supplying zircon and 
allanite, G. Manhes and D. Ben Othman for useful discussions, 
A. Pierre for ion probe analyses, and O. Krebs for calculating 
the lead diffusion lines. This is IPGP contribution NS/535. 
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The discovery of double-planed zones of intermediate-depth 
seismicity associated with subducting oceanic lithosphere (refs 
1-7 and L.S.H. and K.H.J., in preparation) has generated much 
interest in the origin and distribution of stresses in descending 
plates. Several mechanisms have been proposed to explain why 
double zones occur, Here we investigate the role of thermal 
stresses for the state of stress in a descending plate and test 
whether they can account for the observed characteristics of 
double seismic zones. By modelling the descending slab as a thin 
elastic plate and using the temperatures in the slab estimated by 


© 1982 Macmillan Journals Ltd 


588 


Toksöz et al.”, we find that the polarities of thermally generated 
stresses agree with those obtained from the focal mechanisms of 
earthquakes in the two zones . Thermal stresses also can explain 
the separation between the two zones of seismicity at shallow 
depths and their gradual merging at greater depth. 

The best studied double seismic zone is that beneath North- 
east Honshu, Japan (Fig. 1). Note that the double zone of 
Seismicity occurs in a portion of the downgoing plate that 
appears to be straight. We sought to evaluate whether the 
thermal stresses that result from the warming of the plate as it 
descends into the mantle could produce the prominent features 
of most double seismic zones, as exemplified by that beneath 
North-east Honshu. 

Toksöz et al.” have computed several physically reasonable 
models of temperatures in subducting slabs, from which we have 
chosen one that does not include the effects of shear heating, 
phase changes, or heat sources internal to the slab. Tempera- 
tures from this model should produce minimum estimates of 
thermoelastic stresses, because heating of the slab occurs only by 
adiabatic compression and conduction from the surrounding 
asthenosphere. The model in Fig. 2 assumes an 80 km thick slab 
which dips at 45° and subducts at a rate of 8 cm yr™'. 

The temperatures selected, T(x, y), are at 10 km intervals 
along 20 profiles oriented normal to the slab and spaced at equal 
downdip (x) intervals of 20 km. After smoothing temperatures 
in the x direction, we obtain differential temperatures, AT (x + 
Ax, y) = T(x + Ax, y)— T(x, y), from successive profiles, 

For initial calculations of thermal stresses we assume that the 
entire 80km thickness of the plate remains elastic. Later 
computations modify this assumption to allow for relaxation by 
high temperature creep. Incremental profiles of thermoelastic 
stress are computed from the differential temperatures using the 
formulation of ref. 10, which is appropriate for a thin elastic 
plate free of external force or moment, As downgoing litho- 
spheric plates have lateral dimensions at least several times their 
thickness, a thin-plate approximation seems reasonable. The 
method assumes complete relief of thermal strains in the direc- 
tion normal to the plate (y; Fig. 2), thus gy, (thermal) = 0. 
Thermal stresses in the downdip (c,,) and along the strike (c,,) 
directions are equal and obey the relationship’: 
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in which v is Poisson’s ratio (0.25); æ is the linear coefficient of 
thermal expansion, about one-third of the volumetric 
coefficient’, and chosen to be 3.6 x 1075 °C™, an average value 
for olivine at 800 °C (ref. 12); for E, Young’s modulus, we chose 
a value of 9 x 10° bar, slightly less than that of olivine quoted by 
Birch’*; 2C is the thickness of the plate. Results of the initial 
stress computations are shown in Figs 2 and 3a. 

On a time scale of 10°-10° yr, not all the thickness of the 
lithosphere will remain elastic’*; high temperature creep may 
relax strains in the remainder of the plate. Experimental work"? 
has suggested the following relationship for steady-state creep at 
differential stresses of <2 kbar: 


é(s”') = 700° exp(-O,(RT)*) (2) 


where o is g, —o, (bar); Q, is the activation energy, 122 kcal 
mol`’; R is the gas constant, 1.986 cal K~ mol”'; and T is the 
temperature in Kelvin. The second set of computations allows 
for relaxation of thermal strains by creep; when the creep rate at 
a sample point exceeds the thermal strain rate (~107!7- 
10°'* s~'), we assume that that portion of the descending plate 
has relaxed. We reduce the thickness of the plate (2C) by the 
amount that has relaxed, and calculate thermal stresses in the 
remaining portion of the plate from equation (1). The equation 
is not strictly applicable to a plate of variable thickness, but 
probably is still sufficiently accurate for the results (Fig. 3b) to be 
representative. 
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Fig. 1 Double seismic zone benaeath North-east Honshu, 
Japan”. The main features are: (1} microearthquakes between 
depths of ~60 and 180 km define two subparallel zones of seis- 
micity (a down-dip length of 210 km); (2) at the shallow end, the 
two zones are ~40 km apart, and gradually merge at depth; (3) 
Hasegawa et al.” find composite focal mechanisms that indicate 
reverse faulting and down-dip-directed P axes for events in the 
upper zone, while those in the lower zone have down-dip-directed 
T axes, Note the 2:1 vertical exaggeration in the figure. The 
horizontal bar at the top of the figure is the projection of the island 
of Honshu; V marks the position of the Japan Trench. 


Stresses computed with an 80 km thick elastic slab (Fig. 3a) 
show good agreement with the characteristic features of the 
double seismic zone shown in Fig. 1. Stresses in individual 
profiles reach magnitudes of ~500 bar, which are consistent 
with observed stress drops of earthquakes at intermediate 
depths (refs 16, 17 and J. Mori, unpublished results). At shallow 
depths maximum tensional stresses are reached ~40 km below 
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Fig. 2 Thermal modei of the descending lithospheric slab and 
cumulative thermoelastic stresses obtained from it. Isotherms (in 
°C) are derived from numerical modelling of an 80 km thick slab 
that dips at 45° and subducts at a rate of 8 cm yr™! (after ref. 9). The 
coordinate system used appears in the inset, upper left; y=0Q0atthe 
centre of the slab; the z axis points out the page (along the strike of 
the slab). Cumulative thermoelastic stresses calculated for the 
80 km thick slab model (no relaxation) are inset in the lower right. 
Each successively deeper profile is the sum of the stresses from the 
previous profile, plus the increment of stresses developed between 
the profiles. Note the difference in the y scale from the main figure. 
Tensional stresses are indicated by the dotted portions; compres- 
sional by the solid lines, Note that cumulative tensional stresses of 
>2kbar are reached only ~20 km inside the slab from where 
cumulative compressional stresses of 6 kbar have developed. A 
grid spacing of 10 km in the y direction was used in the compu- 
tations; details with a comparable wavelength are unreliable. Note 
the horizontal exaggeration of ~1.7 in the main figure. 
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the plane of maximum compressional stress, which is located at 
the upper surface of the descending plate. The loci of maximum 
tension and compression appear to converge at greater depth 
although they do not actually merge. Cumulative stress profiles 
(Fig. 2) obtained by summing the successive down-dip profiles of 
Fig. 3a show similar features; note that cumulative thermal 
stresses reach ~6 kbar. Stress profiles obtained by allowing for 
relaxation (Fig. 3b) show loci of maximum compression and 
tension separated by only ~10 km. This proximity results in part 
from the thinness of the unrelaxed portion of the plate. High 
temperature creep, as calculated for Fig. 3b, assumes steady- 
state creep rates, but establishment of the latter may require 
strains as large as’? 1-2%. As thermal strains are generally 
<0.5%, the thickness of lithosphere depicted as relaxed in Fig. 
3b may be overestimated. 

Models explaining double seismic zones by invoking phase 
changes” and unbending of the plate**® have difficulties in 
explaining some of the observed seismic features, notably the 
downdip length over which double zones are observed’ (see Fig. 
1). Previous studies found agreement between the polarities of 
thermoelastic stresses and those inferred from earthquake focal 
mechanisms’? and of the separation between the zones of 
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Fig.3. a, Incremental thermoelastic stress profiles calculated with 
an 80 km thick elastic slab. As in Fig. 2, the dotted portions of each 
profile are tensional, the solid portions compressional. Features 
with a wavelength comparable with or smaller than the grid spacing 
(10 km) are unreliably determined. Note the narrowing of the 
separation between the maximum tension and compression 
towards the lower profiles. b, As a, except that relaxation by high 
temperature creep (see text) is allowed to reduce the effective 
elastic thickness of the slab, when relaxation approximately equals 
or exceeds the thermal strain rates (~10°“* s~*). Portions of the 
slab where relaxation has occurred are shaded. Dashed portions of 
the stress profiles indicate regions of transition between elastic and 
relaxed portions of the slab. Stress profiles are omitted below a 
down-dip length of 360 km; only a 20 km thickness of the lithos- 
phere remains elastic and as temperatures are sampled at 10 km 
intervals, computed stresses would be unreliable. 
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maximum thermal tension and compression and that observed 
from earthquakes’’. Our results further demonstrate that 
thermoelastic stresses can account for the gradual merging of the 
two seismic zones at depth, and that stresses resulting from 
unbending or phase changes in the plate are probably generated 
in small volumes in the downdip direction. Once relaxed (for 
example, by creep or fracture) such stresses are irrevocably 
Gissipated. In contrast, thermoelastic stresses are continuously 
induced as the temperature increases in the plate during 
subduction. 

We emphasize that the state of stress in a descending plate 
probably results from many factors (see refs 20-22 for example). 
Strain rates due to thermal effects (~107'7-10~** s~’) are much 
smaller than those resulting from bending or unbending of the 
Gowngoing plate where it undergoes maximum curvature 
(=10 15s”; in Fig. 1, maximum curvature occurs at a depth of 
<50 km). In the apparently straight portion of the downgoing 
plate, where Fig. 1 shows a double seismic zone, strain rates 
resulting from slight bending or unbending could be comparable 
with, or smaller than, those due to thermal effects. Although 
unbending occurs in most descending plates, double seismic 
zones do not®. Hence, double seismic zones may result from 
stresses of relatively small magnitude that are easily over- 
printed. Double seismic zones are observed only in the downgo- 
ing plates that are not strongly in either down-dip tension or 
compression’. . 

The thermal model used above is very simple. It does not 
consider, for example, the effects of frictional heating”, dehy- 
dration”*, or interactions between the downgoing plate and a 
convecting asthenosphere*’. Nevertheless, the major features 
obtained from the model should be reliable enough to evaluate 
the validity of the thermal stress hypothesis. 

Thermoelastic stresses seem to account for many of the major 
features of almost all the double seismic zones identified so far. 
A notable exception is the double zone beneath the Shumagin 
Islands region of the eastern Aleutians where there is a stress 
polarity in an upper seismic zone opposite to that found else- 
where—down-dip tension’. This is interpreted as a temporary 
feature related to a great earthquake that is expected to occur in 
the Shumagin Seismic Gap” in the near future and so does not 
necessarily contradict the model presented here. 

In conclusion, we suggest that thermal stresses may strongly 
influence the state of stress in descending slabs of lithosphere 
that are not otherwise dominated by tension or compression. 

This work was supported by the US Department of Energy 
(contract DE-ASO2-76ERO-3134). We thank W. Menke and 
J. Bodine for helpful discussions, and J. T. Engelder, P. G. 
Richards, C. H. Scholz, L. R. Sykes and A. B. Watts for critical 
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The archaeological site at Tata, 70 km WNW of Budapest, has 
yielded a Mousterian lithic industry of small artefacts chipped 
from chert pebbles, with affinity to the Quina type’. However, 
the two best known artefacts from the site are a ‘churinga’ 
carved from a piece of a mammoth tooth (Fig. 1), and an amulet 
with an inscribed cross, made on a polished nummulite fossil. 
Marshack (personal communication), who examined beth the 
churinga and nummulite, observed that one or both arms of the 
cross ‘engraved’ on the nummulite are in fact natural fractures 
that penetrate through the stone. However, the ivory plaque 
appears to have been carefully separated from a compound 
molar tooth of a mammoth, shaped and bevelled, and then 
coloured red by rubbing with ochre. The age of this site was first 
determined by '“C analysis of charcoal from the cultural layer”. 
The age of 55 + 2.5 kyr led Bordes to assign the cultural material 
to the middle Mousterian. However, palaeontological data? 
indicate that this site was occupied towards the end of the last 
interglacial. Also, two single determinations of Th/U ages on 
travertines from the site yielded dates of 116 + 16 kyr(ref. 4) and 
70420 kyr (ref. 5), both of which are more consistent with 
present estimates of the time interval corresponding to the last 
interglacial (125-90 kyr). We report here new uranium series 
dates on the travertine which show that the site was occupied at 
~100 kyr BP. This confirms that the amulet from this site is one 
of the oldest decorative artefacts known, and was presumably 
created by Homo sapiens neanderthalensis, 

The cultural material of this site is all contained within lenses 
of loess, 1 m or less in thickness, which lie within a mound-like 
accumulation of spring deposited travertines. Such travertines 
can be dated by the Th/U method if they are relatively free of 
clastic impurities®. However, some travertines of this sequence, 
and in particular, those immediately over- and underlying the 
cultural layer, contained significant amounts of detrital 
contaminants. This results in the presence at the time of deposi- 
tion of significant amounts of thorium, including ?°Th, which 
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can interfere with the age determination. The presence of this 
‘common’ thorium is monitored. by the activity ratio 
°°°Th/?? Th, If this ratio is <20, then some correction is neces- 
sary to obtain a reliable estimate of the age. 

Travertine samples were taken from above and below the 
culture layer, and aliquots were dissolved in acid; any insoluble 
material was discarded. Uranium and thorium were then chemi- 
cally separated from the solution, plated onto steel disks, and 
their a activity was counted. Radiochemical data are given in 
Table 1. Sample 21, with a high *°Th/?*’Th value, defines a 
maximum age for the culture layer of 116+ 5 kyr, for a layer of 
travertine ~3 m below the culture layer. Sample 40 froma layer 
1 m above the culture layer, also had a high thorium ratio, and 
gives a minimum age for the culture layer of 78+5 kyr. 
However, the remaining samples, which were collected 
immediately above and below the culture layer, all had high 
detrital contamination, as evidence by *°°Th/?”Th ratios <10, 
and abundant insoluble residues. Estimates of their ages, 
assuming an initial *°°Th/***Th ratio of 1.5, are shown in Table 
1, column 7, and suggest a mean age of 118 + 37 kyr, which is not 
much more informative than the estimate based on the over- and 
underlying samples. 

An alternative method of treating such highly contaminated 
samples is to plot “°Th/?*’Th against 7*U/*’Th for each 
sample”. If these travertines had all formed at approximately the 
same time from mixtures of a homogenous, pure, chemically 
precipitated calcite, admixed with a single detrital component 
with a uniform *“°Th/*’Th ratio, then they should lie on a line 
with a slope equal to the “*°Th/?*U ratio of the chemically 
precipitated carbonate, and a **°Th/**’Th intercept equal to the 
value for the detrital component today (or e*” times the value of 
the initial ““"Th/**°Th ratio, where Aj=decay constant of 
250TH): 

Figure 2 shows a graph of the analyses of the contaminated 
samples. They define a line with a slope of 0.5850 + 0.0002: this 
taken together with the average ***U/°"*U ratios of the samples 
yields an apparent age of 99.4+0.1 kyr. The error of this age 
estimate was evaluated by comparing regression lines through 
the points, taking each variable in turn as independent. Clearly 
the accuracy of such an age determination cannot be as great as 
implied by the variance of the regression line, No account has 
been taken of the errors of the individual analyses, and to some 
extent the accuracy of the age also depends on the validity of the 
assumptions given above, namely that all samples were mixtures 
of two uniform end-members (calcite and detritus). Until the 
validity of this method of collective age analysis has been 
established in a wider range of circumstances (see, for example, 
ref. 7) we cannot properly evaluate an error for the calculated 
age, although it is presumably comparable to the average error 
of the individual dated samples, about +8%. 

The initial **°Th/*”’Th ratio of 1.6 obtained from this regres- 
sion analysis is close to the value commonly encountered in 


Table 1 Radiometric data for samples from Tata travertine mound 
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Stratigraphic Level height Sample . | l 
layer” from base (m)t no. bas Ua | i t eas 6 Th aaa (kyr) (p.p.m.) 
Thi 11.5 40 0.769 + 0.026 0.497 + 0.022 34.7 + 5,3 7845 0.50 
Tli 10.5 33 o +0.077 0.746 + 0.070 2.50.2 88+ yi 0.48 
l 0.859 + 0.034 0.866 + 0.036 2,240.1 172% at 0.43 
Tih 10 Culture layer 99.4+0.18 
Tig 9.5 22 0.795 + 0.028 0.629 + 0.034 8. 5+0.9 101 +124 0.57 
Tig 9.5 45 0.805 +0.023 0.664 + 0.034 6.1 +40.5 109+ 15¢ 0.36 
Tid 7 1 are 0.013 0.627+0.016 88 +23 113485 0.70 
0.810+0.013 0.646 + 0.018 56+ 10 120+6 0.67 
* From ref. 9, Beilage 3. 
t Estimated from ref. 9 and field observations, 
+ Corrected assuming initial 7°°Th/?"*Th = 1.5. 
§ Obtained by interpolation of samples 22, 23, 45; see text. 
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detrital contaminants. In fact this is very close to the value of 1.5 
which was used to obtain ‘corrected’ ages for the highly 
contaminated samples (Table 1). Nevertheless, at least one of 
those corrected dates (for sample 23) is still far from our new 
collective estimate for the age of the archaeological layer. This is 
because for samples with such low **’Th/**’Th ratios the cor- 
rected age is very sensitive to the choice of initial **°Th/**’Th 
ratios, while the value of that ratio in an individual sample may 
have differed significantly from the estimate obtained by 
regression from the complete set of samples. This discrepancy in 
ages emphasizes the value of the correlation method shown in 
Fig. 2 for obtaining a collective age. 

The 7**U/?"*U ratios of all the travertines analysed here are 
strikingly low. Correcting for the age of the deposit, they 
correspond to initial ratios of from 0.799 to 0.712, average = 
0.738+0.028. They are similar to the values obtained by 
Cherdyntsey at this site (0.80+0.01), and indicate that the 
uranium in the spring water feeding the travertine deposits was 
derived from a source that was intensely leached, such as a deep 
soil profile. Such low ratios are rarely encountered in ground- 
waters or in carbonates precipitated from them. 

The estimate of the age of the cultural layer obtained by the 
regression analysis lies midway between the ages of the over- 
and underlying layers and is consistent with a fairly constant rate 
of accumulation of travertine at between 0.007 and 
0.018 cm yr '. The culture layer itself is described by Vértes“ as 
having formed during a hiatus in the deposition of travertine, at 
least locally, and a period of relatively rapid deposition of 
aeolian detritus, first sand and then loessic silt. 

This age estimate of the culture layer agrees well with the 
palaeontological estimates of palaeoclimate and thus of timing 
relative to glacial chronology. Kretzoi and Vértes” conclude that 
the site was occupied sometime after the thermal optimum of the 
last interglacial but considerably before the onset of the next 





Fig. 1 Ivory plaque, made from piece of a mammoth’s molar 
tooth. and rubbed with ochre (churinga). Photograph courtesy of 
A. Marshack. Plaque is 10.8 cm long. 
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Fig. 2 Correlation between 230TH /?32Th and **U/*”’Th for 
radiometric analyses of contaminated travertines above and below 
the cultural layer of Tata. Slope of line gives estimate of 
230 234 ; : z > ; 
'Th/***U ratio of authigenic calcite component of travertine, 
* r 2 3 
from which age may be computed. Intercept gives OT I Th 
ratio of detrital component. 


glaciation. The climate at the site was estimated by them to have 
been “somewhat cooler and more continental then at present’; 
based on the associated mammalian fauna an average July 
temperature of 19°C is estimated. These characteristics would 
be consistent with a point in the last interglacial when climate 
began to deteriorate in advance of an ensuing glacial stage such 
as isotope stage Sa, which occurred at about 90-100 kyr 
(ref. 10). 

We conclude that hominids who were utilizing a Mousterian 
tool assemblage occupied this site about 100 kyr BP., and 
created at least one purely decorative artefact. From what is 
known about the association between cultural remains and 
hominid skeletal remains at other Eastern European sites, we 
may infer that the makers of these artefacts were of the sub- 
species H. s. neanderthalensis. This is also consistent with our 
limited knowledge of timing of the appearance of H. s. sapiens 
and the disappearance of Neanderthal man. Eventually, through 
dating of other artefactual and hominid skeletal sites such as La 
Chaise'' we hope to be able to reconstruct a complete 
chronology of the various stages in the cultural and biological 
evolution of the middle and upper Pleistocene. 

This study was supported by funds from the National Geo- 
graphic Society, the Social Sciences and Humanities Research 
Council of Canada and the Natural Sciences and Engineering 
Research Council of Canada. We thank A. Dixon and M. M. 
Russell for analytical assistance and A. Marshack for discussions 
on the nature of the decorative artefacts and for permission to 
use his photographs of them. McMaster Isotope and Nuclear 
Geochemical Contribution Number 124. This paper is dedi- 
cated to the memory of Dr Skoflek who died in an accident on 6 
August 1981. 
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The genetic engineering of crop plants for specific desired 
characters is of potential importance in agriculture’. Serious 
consideration must therefore be given to undesirable side effects 
of particular modifications. The soluble nitrogen content of 
leaves is important in the relationship between plants and their 
insect predators and increases during periods of environmental 
stress””’. Soluble proline increases markedly during water stress 
in a wide range of plant species including barley** and it has 
been suggested that plants selected for higher proline content 
may be more tolerant of drought stress‘, However, proline is 
phagostimulatory to locusts when presented on an inert matrix’ 
and this work has been extended by Haglund” to suggest that 
proline (or valine) may be a cue detected by grasshoppers to lead 
them to drought-stressed nitrogen-enriched plants. Plants 
selected for a higher content of free proline in an attempt to 
increase their tolerance of drought stress might therefore prove 
more attractive to insect predators. To test this hypothesis we 
have now compared the responses of locusts, slugs, aphids anda 
mildew fungus to normal barley and a barley mutant’ which has 
up to six times the normal content of free proline in the leaves. 
We find no evidence that the mutant is more susceptible than its 
parent to damage by any of these organisms. 

Unstressed leaves of the mutant R5201 were found to contain 
up to six times the soluble proline of the parent line in the first 
three leaves over a 16-day period (Table 1). We examined two 
aspects of pest attack: whether locusts or slugs would choose 
preferentially to attack and consume mutant plants and whether 
growth and reproduction of aphids or mildew were greater on 
the mutant than the wild type. All four Organisms are 
economically important and include a major pest and an 
important disease of barley. 

Locust plagues have been correlated with periods of 
environmental stress? and locusts might therefore be expected 
to detect the higher proline content of the mutant. Locusts from 
two separate genera (Schistocerca gregaria and Locusta migra- 
toria) were allowed to feed for 48 h until ~ 50% of the shoot 
fresh weight had been consumed. Observation every 8 h of the 
order in which plants were attacked, and measurement of the 
weight of material eaten (Table 2) gave no evidence for pref- 
erence of mutant over parent plants by either species of locust 
(differences not significant at P < 0.05). 

Proline has been reported to be a feeding attractant for 
snails’®. Slugs damage cereals either by attacking seeds or by 
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Table 1 Proline content of the first three leaves of two lines of barley 


EN e RE RHHN 


Proline content 


Leaf no. from Age {nmol per g fresh wt+s.e,) 


germination (cays) Maris Mink R5201 
6 70+4 259+ 31* 
1 10 7249 346 + 39* 
16 7146 2244 23* 
2 i0 79+8 493 + 69* 
16 7346 207+ 11* 
3 16 38+7 164 + 25* 


“ements anaes rp 


Seeds of Maris Mink end R5201 were grown in Eff compost (Eff 
Products) in a controlled environment chamber (temperature 
20°/16 °C, 16 h day, with light 11,000 Ix from fluorescent plus tungsten 
light). On day 6, plants were transferred from seed trays to 4-inch pots 
(two per pot). Three samples each of three leaves were analysed. The 
entire leaf blade or that which had emerged from the sheath was taken. 
Leaves were ground in 3% w/v sulphosalicylic acid and assayed for 
proline content by the acid—ninhydrin method™ "7. 

* Significant difference from Mink values at P< 0.01 by t-test, 


shredding young leaves. We therefore examined the possibility 
that slugs could distinguish between the high proline mutant, its 
parent cultivar and a further cultivar, Bomi, included as an extra 
control. In this case (Table 3), although there was no significant 
preferential shredding of the leaves of R5201 compared with the 
parent, the slugs did not attack Bomi to the same extent as the 
other two lines. 

Because aphids are vectors of virus diseases their control is of 
major importance in cereal farming''. Aphids are known to be 
able to detect some amino acids’*, We therefore compared the 
multiplication rates of the cereal aphid (Sitobion avenae) on the 
three test lines of barley, and found that the aphids multiplied 
rapidly on all the lines tested (Table 4), and that there was no 
significant difference between the numbers of young on the 
leaves. 

Powdery mildew (Erysiphe graminis) is also of considerable 
economic importance in British agriculture". In a standard leaf 
bioassay, growth of mildew was the same on Maris Mink and 
R5201 3 days after inoculation (Table 4) and visual inspection at 
14 days revealed no differences in disease development on any 
line. 

A complicating factor in these experiments was that mutant 
plants were somewhat larger than controls (Table 2). It is 
unclear whether this is caused by a pleiotropic effect of the gene 
for proline accumulation, other mutated genes or a physiological 
difference in the seed samples used. Both water content? and 
plant age’ can contribute to palatability of plant diets and might 
confound any effect of proline content. However, the absence of 
any observed preference for mutant or parent by the four tested 
Organisms suggests that in this case these effects are small. These 
points can only be settled by reselection of mutant lines after 
backcrossing to normal types, a programme now being under- 
taken. | 

The use of a mutant with a single gene change leading to 
proline accumulation in a background substantially isogenic 


Table 2 Preference of locusts for feeding on two lines of barley 


Locust Test plant Control 
Schistocera gregaria Maris Mink 29247 
R5201 348249 

Locusta migratoria Maris Mink 17347 
R5201 23048 


Fresh wt per plant (mg s.e.) 


rar’ 


Fraction consumed 


+ Locusts Estimated consumption (% s.e.) 
120415 172 595 
187413 161 464 (NS) 
10012 73 427o 
169+14 61 2746 (NS) 


Seeds were grown for 6-7 days as in Table 1, and 24 plants per treatment were transplanted to a 22 x 16 cm seed tray in a2 x2 Latin square. Aftera 
further 2 days’ growth, the tray was placed at the bottom of a glass side cage 67 x 64 x 24 om, fitted with a 100-W light bulb directly over the centre of 
the square. Mature adult locusts were purchased from Larujon locust suppliers, Colwyn Bay. Two male locusts were introduced into the cage and left 
for 24 h at 20 °C, when they were replaced with two female locusts for a further 24 h. The shoots were individually weighed after 48 h and compared 
with the weight of shoots in an identical tray in the absence of locusts, Essentially similar data were obtained in replicate experiments carried out with 
both locust types. NS, not significantly different from Maris Mink value at P< 0.05 by t-test. 


a 
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Table 3 Susceptibility of three lines of barley to damage by slugs 


% Of plant shredded 


Test plants Expt no. Grand mean + s.e. 
1 2 3 4 
Maris Mink 40 60 50 38 47+4,3 
R5201 28 26 65 38 39+6.1 
Bomi 10 10 16 18 13+1.6* 


Seeds were grown in a glasshouse in rows of seven or eight plants in 
plastic trays with Eff compost. After 11 days 10 slugs (adult Derocerus 
reticulatum) that had been starved for 5 days were placed equidistant 
from the three rows. The trays were kept in a slug rearing room (12 h day 
15 °C, night 5 °C) for 7 days. Two independent observers then estimated 
the percentage of plants that had been shredded. The values quoted are 
the means for the two observers in the four different experiments. 

* Significantly different from other values at P<0.01 by t-test. 


Table4 Growth and multiplication of aphids and mildew on three lines 


of barley 
Growth 
Organism Test plant No. of young 

Aphid Maris Mink 17.5215 

R5201 18.1+1.3 

Bomi 23.643.2 

Colony length (um s.e.) 

Mildew Maris Mink 112+4 

R5021 121+6 

Bomi 91+5* 





Seeds were grown in a glasshouse. For the growth of aphids, plants at 
12 days were enclosed in a cylinder of dialysis tubing sealed at the top 
with cotton wool. Five adults or large nymphs of the cereal aphid (brown 
Sitobion avenae) were introduced onto each plant. After 7 days the 
number of young aphids was counted in 12 replicates of each test plant. 
Growth of barley powdery mildew (Erysiphe graminis f.sp hordei isolate 
23D5) on intact 11-day plants was assessed using leaf segments removed 
72h after inoculation (1,000 conidia per cm”). Segments were stained 
and cleared in trypan blue in lactophenol’® and the length of at least 25 
colonies measured. 

* Significantly different from other values at P<0.01 by t-test. All 
aphid values not significantly different at P<0.05. 


with the parent cultivar provides a strong, if limited, test of 
Haglund’s hypothesis® that proline may be detected by grass- 
hoppers to lead them to leaves enriched with nitrogen. The 
mutant, which accumulates proline within the leaf, has allowed 
us to test this hypothesis without external application of amino 
acid solutions, with its attendant disadvantages of plant or 
microbial degradation and dilution or run off during the test 
period. The third method of increasing internal proline by the 
application of water stress is also inferior because there may be 
associated increases in other nitrogenous compounds such as 
asparagine, glutamine and glycine betaine*””, and alterations in 
hormone levels*®. Our experiments always showed greater 
differences between the two control barley varieties than 
between the mutant R5201 and its parental variety. Any possi- 
ble differences are therefore small compared with acceptable 
varietal differences. Furthermore, the tests we have used are 
capable of discriminating between varieties and are therefore 
not biased to give a negative result. Our results therefore do not 
support the hypothesis that any of the tested organisms pref- 
erentially feed on, detect or multiply faster on barley plants with 
a sixfold increase in soluble proline. It thus seems unlikely that 
such increases in proline content will increase the risk of pest and 
disease development, so that we can now proceed to investigate 
the effects of leaf proline content on the ability to resist 
environmental stress. 

We thank Mrs C. Lea for facilities for the locust experiments, 
Mr J. Franklin for growing the barley and Dr B. J. Miflin for 
helpful discussions. 
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In the pituitary, adrenocorticotropic hormone (ACTH)- and 
8-endorphin-related peptides are post-translationally derived 
from a common precursor glycoprotein’’. ACTH- and £g- 
endorphin-like peptides have been demonstrated in human 
placental extracts by radioimmunoassay (RIA), bioassay and 
opioid radioreceptor assay’ ’. Recently, we have shown that 
short-term cultured human placental trophoblastic cells 
synthesize a high molecular weight glycoprotein(s) physico- 
chemically similar to the pituitary common precursor molecule; 
ACTH(9-15)- and £-endorphin(1-9)-like fragments were 
detected in a tryptic digest of this precursor. Pulse-chase 
experiments revealed that radiolabel disappeared from the 
molecule and accumulated in smaller molecular species having 
either ACTH or 8 -endorphin antigenic determinants*. We now 
report the use of reverse-phase HPLC to resolve the tryptic 
fragments of one component of 6-endorphin-like peptide 
synthesized in placental cells, and show that it is comparable to 
synthetic human £-endorphin. The two reverse-phase HPLC 
systems used resolved all tryptic fragments of human #-endor- 
phin (8,-endorphin) with differing selectivities, thus providing 
two unique ‘fingerprints’, in analogy to conventional two- 
dimensional peptide analysis. The fact that identical maps were 
obtained for B -endorphin and the placental peptide in both 
systems, provides strong evidence that they are structurally 
identical. 

Human term trophoblastic cells were prepared and main- 
tained in tissue culture as previously described*. On day 3 of 
culture, cells were incubated for 6 h in the presence of *H-lysine 
(SA, 112 Ci mmol™’; 100 uM). Cells were homogenized in 
0.2M HCl/1 M formic acid containing 10 mM dithiothreitol 
(DTT), centrifuged (18,000g at 10°C for 30min) and the 
supernatant submitted to molecular sieve chromatography’. 
Material that eluted with a K,, similar to B, -endorphin was 
pooled and lyophilized. After reconstitution, the sample was 
applied to a microcolumn packed with affinity-purified anti-B- 
endorphin antiserum covalently linked to Sepharose 4B’. The 
anti-@-endorphin immunoglobulin recognizes determinants 
within the B-endorphin(20-28) sequence and reacts with 8n- 
lipotropin on a nearly equimolar basis, while not reacting at all 
with human (h)ACTH(1-39). Specifically retained material was 
eluted with 25 ug synthetic B -endorphin dissolved in 500 pl 
10 mM Tris-HCl pH 7.5, containing 10 mM DTT and 0.01% 
bovine serum albumin (BSA)*”. The eluate was diluted with 
1.25 ml 0.05 M HCI/2 M CHCOOH and subjected to cation- 
exchange chromatography’. The elution position of the 
synthetic -endorphin was located by B-endorphin RIA”. 
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Fig.1 Cation-exchange chromatography of the immune affinity- 
purified placental @-endorphin-like material. After incubation of 
placental cells with °H-lysine, an extract was prepared and 
chromatographed on a Sephadex G-50 superfine column (1 x 
60cm; eluent, 0.2M HCI/1M formic acid, containing 0.01% 
human serum albumin; flow rate 10 ml h~'). Material eluting with 
a Kay similar to authentic B -endorphin was pooled, lyophilized, 
and further purified by immune affinity chromatography (see text). 
*H-labelled immunoreactive B-endorphin was eluted with 25 yg 
synthetic 8,-endorphin. The eluate was applied to a 0.9x 15 cm 
SP-Sephadex C-25 column equilibrated with 5 mM HCI/1.8M 
CH3COOH. Elution was performed with a linear gradient of NaC] 
(0.5 M NaCl achieved after 100 1-ml fractions were collected). All 
fractions were assayed in the B-endorphin radioimmunoassay to 
locate the synthetic 8,-endorphin peak (O) and aliquots (100 ul) of 
fractions were removed for liquid scintillation counting (W; activity 
<10 ¢.p.m. above background, not plotted). Fractions containing 
most of the synthetic 8,-endorphin (fractions 83-96, defined by 
vertical arrows) were pooled for reverse-phase HPLC (see Fig. 2). 
As the purpose of this study was to determine if any of the 
?H-labelled B-endorphin-like material was physicochemically 
similar to 8,-endorphin, the remaining fractions were stored for 
future analysis. 


c.p.m. x107? 


Aliquots of the appropriate fractions were removed for liquid 
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indicating the positions of the fragments generated from the 
synthetic B-endorphin. 8- Endorphin contains five lysyl residues 
(but no arginine residues) at positions 9, 19, 24, 28 and 29; the 
Lys*’-Gly”® bond was not significantly cleaved in the conditions 
used. Hence all tryptic fragments of 8,-endorphin contain a lysyl 
residue, and all tryptic fragments of the placental peptide should 
be °H-labelled if the placental peptide is structurally identical to 
8,-endorphin. Five major *H-labelled peaks exhibiting the 
same retention times as the synthetic fragments were indeed 
detected in both systems (Fig. 3). Further evidence for the 
identity of the “H-labelled fragments with the synthetic tryptic 
peptides was obtained by exopeptidase digestion studies. In all 
cases, "H-lysine was released in conditions that released lysine 
from the synthetic fragment. Carboxypeptidase B digestion 
rapidly released *H-lysine from the *H-labelled B-endorphin(1- 
9)-, (10-19)-, (20-24)- and (25-28)-like. moieties. The °H- 
labelled 8-endorphin(29-31)-like fragment was completely 
resistant to carboxypeptidase B action: aminopeptidase M, 
however, did release *H-lysine (lysine is located at the N 
terminus of authentic B-endorphin(29~31)). Lysine was 
identified by the pre-column o-phthaldialdehyde derivatiza- 
tion/reverse-phase HPLC system described by Jones et al? 
(data not shown). 

In contrast to these findings, Julliard et al. recently reported 
that high molecular weight precursor B- endorphin-like material 
in extracts of human placenta is a fragment of IgG. Using a 
commercially prepared extract derived from whole-term 
placentae and sequestered postpartum blood (placentae are 
used solely as a source of blood; an average of 24 g haemoglobin 
is extractable per placenta, indicating ~200 ml of blood per 
placenta)’*’* and a purification procedure which included an 


scintillation counting and the remaining portions pooled and 
analysed by reverse-phase HPLC using the triethylammonium 
phosphate/CH;CN solvent system of Rivier''!. About 9.3 x 
10’ d.p.m. per mg protein was incorporated into trichloroacetic 
acid-precipitable protein; an average of 6.12 x 10° d.p.m. per 
mg protein of 8-endorphin-like material was specifically eluted 
from the immune-affinity microcolumn. Cation-exchange 
chromatography revealed that ~47% of this ?H-labelled 
material co-eluted with synthetic B,-endorphin (Fig. 1) and 
~88% of this “H-labelled material showed a retention time 
identical to that of synthetic 8-endorphin after reverse-phase 
HPLC (Fig. 2). Of the synthetic B,-endorphin added to the 
placental sample at the affinity column elution step, 91% was 
recovered after reverse-phase HPLC. We do not attribute any 
physiological significance to either the absolute amount of °H 
incorporated into 8-endorphin-like material or the relative 
amount compared to TCA-precipitable *H-labelled products, as 
different tissue culture conditions significantly alter biosynthetic 
capacity of the tissues. In addition, we do not know how much in 
vitro synthesized B-endorphin-related material was released 
into the medium during the labelling procedure. 

The HPLC-purified sample was then trypsinized and the 
digest analysed by reverse-phase HPLC in two different 
chromatographic conditions (see Fig. 3 for details), Five major 
UV-absorbing peptide peaks were detectable in each system, 
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Fig. 2 Reverse-phase HPLC of synthetic B-endorphin and co- 
eluted °H-labelled immunoreactive 8-endorphin resolved by 
cation-exchange chromatography (see Fig. 1). Fractions were 
pooled, desalted on a Sep-Pak C18 cartridge (Waters Associates)! 
(99% recovery of immunoassayable B-endorphin, 91% recovery 
of “H-labelled material) and analysed by reverse-phase HPLC 
(Uitrasphere ODS column, 0.4625 cm) using the tri- 
ethylammonium solvent system described by Rivier'’ (solvent A, 
0.12 M H4PO,, adjusted to pH 3.0 with triethylamine; solvent B, 
H3PO,/triethylamine containing 70% acetonitrile). Flow rate was 
0.5 mi min`}; the CH; CN gradient is indicated by the broken line. 
Upper panel, synthetic B-endorphin peak was detected by UV 
absorbance at 210 nm (continuous trace, 1.0 absorbance units full 
scale (AUFS)); the appropriate fractions were also assayed by 
8-endorphin RIA to confirm the elution position and calculate 
recovery (data not shown). Lower panel, aliquots (50 ul) were 
removed for liquid scintillation counting (see Fig. 3 for counting 
details). Peak marked by * on the UV trace represents an injection 
artefact. A small peak (upper and lower panels) is detected eluting 
with the retention time of the Met(O) form of 8,-endorphin. The 
nature of the *H-labelled peak eluting at 8.5 min is unknown, 
Material detected by UV monitor reached the fraction collector 
0.72 min after passing through flow cell; data shown are not 
corrected for this difference. 
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Fig.3 Comparative HPLC tryptic peptide maps of synthetic human§-endorphin and purified 7H-labelled placental 6-endorphin-like peptide. Fractions containing 
the HPLC-purified placental peptide (see Fig. 2) were pooled and concentrated on a Sep-Pak C18 cartridge (Waters Associates). The cartridge was washed to 
remove H,PO, and salts, and the retained peptides were eluted with 80% CH,CN in 0.01 M HCI. The CH,CN was removed with a gentle stream of N, and 
the aqueous phase lyophilized. The sample was then reconstituted in a minimum volume of 2M DTT, incubated at 60°C for 8h (to reduce any Met(Q) or 
Met(O,) forms present) and trypsinized (25°C for 8h; tosylphenylethylchloromethylketone (TPCK)-trypsin to protein weight ratio of 1:1,000, pH 7.5). The 
sample was diluted to 525 wl with 0.01 M trifluoroacetic acid (TFA) and equal aliquots (250 yl) analysed in two separate gradient reverse-phase HPLC systems. 
a, Altex ultrasphere ODS column (0.46 x25 cm, 5 pm) was equilibrated with 0.01 M TFA (Bennett er al.® have suggested the use of perfluorinated carboxylic 
acids for reverse-phase HPLC of peptides) containing 4% CH,CN and the sample was injected onto the column using a 250 yl Altex sample loop. Elution was 
performed for 2 min at 4% CH,CN/0.01 M TFA, followed by a 25-min linear gradient of 4-64% CH,CN in 0.01 MTFA. Flow rate was 0.5 mi min’ and 
0.25 ml fractions were collected. Column effluent was continuously monitored at 210 nm (0.5 AUFS). b, Lichrosorb RP-18 column (0.46 x25 cm, 10 wm) was 
equilibrated with 2% isopropanol in 0.015 M ammonium acetate, pH 4.1). Elution was performed for 5 min with the equilibration buffer, followed by a 45-min 
linear gradient of 2-50% isopropanol in 0.015 M ammonium acetate. Column effluent was continuously monitored at 220 nm (0.1 AUFS). All samples were . 


evaporated in counting vials, dissolved in 200 wl 0.02% SDS, and then 15 ml 
indicate the elution positions of synthetic 8,,-endorphin(1-9), (10-19), (20-24), 


Aquasol-2 was added to each vial before liquid scintillation counting. Arrows 
(25-28) and (29-31). These marker peptides were obtained by trypsinization of 


synthetic 8,,-endorphin and identified by amino acid analysis of the resolved fragments. In addition, the elution position of lysine and the methionine sulphoxide 

[Met(O)] form of 8-endorphin(1-9) are shown. Peaks marked by * on the UV trace are inherent to the baseline trace and not components of the peptide profile. 

The nature of the small radioactive peaks eluting at the retention time of a completely unretained compound (to) is unknown. Upper panels, UV absorbance 

profiles; lower panels, °H-labelled profiles. Material arrived at the fraction collector 0.72 min after passing though the UV monitor flow cell; the comparative 
maps shown are corrected for this time factor. 


immune-affinity chromatographic step (that is, Sepharose- 
immobilized anti-8- endorphin antiserum), they isolated 269 mg 
of a glycoprotein (molecular weight (M,)=48,500) that 
contained the antigenic determinants of both ACTH and £8- 
endorphin. Structural analysis demonstrated this protein to be 
the heavy chain of the IgG1 class. The protein cross-reacted 
0.039% and 0.0064% (by weight), respectively, with the specific 
B-endorphin and ACTH antisera used. Inspection of the IgG1 
heavy chain revealed that sequences 364-377 and 9-22 had 
40% and 36% homologies, respectively, with the antigenic 
determinants of B-endorphin and ACTH. We believe these 
results can be reconciled with our findings by considering the 
starting material used in the previous study, that is, the pre- 
cipitate formed when whole-term placentae and entrapped 
blood are frozen, thawed, homogenized in 0.9% NaCl and 
brought to 25% ethanol. Such an homogenate exhibits a broad 
range of proteolytic activities. We have been unable to recover 
significant amounts either of highly purified rat pituitary pre- 
cursor ACTH/§-endorphin, synthetic @,-endorphin, or 
hACTH(1-39) when we added these to a similarly prepared 
placental homogenate (~25 pmol of each added per placenta). 
In addition, as Julliard et al. performed an affinity chromato- 
graphic purification step, using anti-B-endorphin antiserum 
coupled to Sepharose, any authentic precursor ACTH/f- 
endorphin material present would have had to compete with a 
very large molar excess of the IgG1 heavy chain (haemoglobin 


and B- and y-globulins comprise most of the proteins pre- 
cipitated at 25% ethanol) for column binding sites, and hence, 
even if bound, would comprise a minor component. 

Our results further demonstrate synthesis in cultured human 
placental cells of a peptide that is structurally similar to human 
pituitary B-endorphin. Moreover, these data, together with 
previous results®, suggest that, analogous to the pituitary, the 
placental B-endorphin-like moiety is contained within a larger 
precursor molecule and is derived from it by post-translational 
proteolytic cleavage. 


Received 21 October; accepted 17 December 1981. 


1. Eipper, B. A. & Mains, R. E. Endocrine Rev. U.S.A. 1, 1-27 (1980). 

2. Herbert, E. et al. Front. Neuroendocr. 6, 67-102 (1979). 

3. Rees, L. H., Burke, C. W., Chard, T., Evans, S. W. & Letchworth, A. T. Nature 254, 620 
(1975). 

. Fraioli, F. & Genazzani, A. R. Gynec. Obstet. Invest. 11, 37-44 (1980). 

. Liotta, A. S., Osathanondh, R., Ryan, K. J. & Krieger, D. T. Endocrinology 101, 1552- 
1558 (1977). 

. Nakai, Y., Nakao, K., Oki, S. & Imura, H. Life Sci. 23, 2013-2018 (1978). 

. Odagiri, E. D., Sherrell, B. J., Mount, C. D., Nicholson, W. E. & Orth, D. N. Proc. natn. 
Acad. Sci. U.S.A. 76, 2027-2031 (1979). 

8. Liotta, A. S. & Krieger, D. T. Endocrinology 106, 1504-1511 (1980). 
9. Liotta, A. S., Li, C. H., Schussler, G. & Krieger, D. T. Life Sci. 23, 2323-2330 (1978). 

10. Liotta, A. S., Yamaguchi, H. & Krieger, D. T. J. J. Neurosci. 1, 585-595 (1981). 

11 Rivier, J. J. Liquid Chromatogr. 1, 347 (1978). 

12. Jones, B. N., Paabo, S. & Stein, S. J. Liquid Chromatogr. 4, 565-586 (1981). 

13. Julliard, J. H., Shibasaki, T., Ling, N. & Guillemin, R. Science 208, 183-185 (1980). 

14. Liautaud, J. et al. Devi Biol. 27, 115 (1974). 

15. Taylor, H. L., Bloom, F. C., McCall, K. B. & Hyndman, L. A. J. Am. chem. Soc. 78, 

1353-1355 (1956). 
16. Bennett, H. P. J., Browne, C. A. & Solomon, S. J. Liquid Chromatogr. 3, 1353-1365 (1980). 


tn pa 


~~ oN 


NN ——  ——— O0€©«»— 0 ess 


596 
SS 


Averaged evoked responses 
and psychometric intelligence 


S. F. Blinkhorn* & D. E. Hendricksont 

* Psychology Department, Hatfield Polytechnic, PO Box 109, 
Hatfield AL10 9AB, Hertfordshire, UK 

t Psychology Department, Institute of Psychiatry, DeCrespigny Park, 
London SE5 8AF, UK 











Attempts to establish correlations between psychometrically 
defined and measured intelligence and brain electrical activity 
have met with limited success. For example, as in the work of 
Ertl’, the latency of components of averaged evoked potentials 
(a.e.ps) has been adopted as the EEG measure most likely to 
correspond to intelligence quotient (IQ). Although correlations 
as high as 0.35 have been reported on samples unselected for IQ, 
the sign of the correlation seems to depend on the stimulus 
modality used, which suggests that a straightforward 
identification of intelligence with ‘mental speed’, for which read 
‘short a.e.p. component latencies’, is inappropriate. Hendrick- 
son and Hendrickson’ have proposed both a novel a.e.p. 
measure and a theory to account for individual differences in 
scores based on this measure, claiming remarkably high cor- 
relations with IQ, of the order of 0.7-0.8. We report here a study 
using highly selected subjects which supports these claims. 

The Hendricksons’ theory’ proposes that higher intelligence 
is a function of low error rates in the central nervous system and 
that as a result of the way in which information is coded and 
transmitted in the brain, the effect of error is to reduce both the 
number and amplitude of excursions of the a.e.p. trace. There- 
fore, differences in IQ should be manifested in a.e.p. traces as 
differences in complexity, which can be determined simply by 
measuring the length of the trace over a standard epoch. This 
measure we refer to as the ‘string’ measure, as in effect one treats 
an a.e.p. trace like a piece of string and measures its straightened 
length. 

The principal psychometric measure used was Raven's 
Advanced Progressive Matrices (APM) 1962 edition, a test with 
a substantial reputation as a culture-reduced measure of general 
intelligence with low achievement loading, routinely used in the 
selection of psychology undergraduates at the Hatfield Poly- 
technic, UK. Test scores had been obtained previously and were 
unknown to D.E.H. who analysed the EEG recordings made. 

Thirty-six subjects were tested initially. Of these, three were 
not used in further experiments because of technical problems 
with their EEG records. Of those remaining, 17 were male and 
16 female, with an age range of 18-36 yr. (All subjects were or 
had been undergraduate psychology students at the Hatfield 
Polytechnic.) Subjects scored between 17 and 35 on the APM 
(mean score +s.d. = 26.03 +4.33). The APM manual gives the 
estimated mean and standard deviation for university students 
as 21 and 4.0 respectively, and for adult students ‘of more than 
average intellectual capacity’ as 10.06 and 8.95 at a first testing 
and 13.95 and 9.38 on re-testing. (These values take into 
account the changes between the 1947 and 1962 editions). 
Furthermore, in the table of estimated norms, the 95th percen- 
tile point is given as 23-24 for 20-30-yr olds. In the absence of a 
more detailed calibration of APM scores in IQ terms, these and 
other indications in the manual suggest that the mean score in 
the group being studied corresponds to an IQ of ~ 128-130, with 
a standard deviation of between 5 and 7.5. 

EEG recordings were carried out with the subject seated in a 
comfortable chair in a darkened, sound-attenuated room. 
Silver/silver chloride electrodes were attached using collodion 
to the scalp at the vertex and both mastoids. The subject was 
presented with a train of 100 tones through stereophonic head- 
phones and asked to relax, listen to the tones and keep his eyes 
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closed throughout the presentation. The background EEG was 
recorded from a bipolar derivation with the active electrode at 
the vertex and the reference electrode at the left mastoid. The 
output of the electrodes was amplified 10,000 times with virtu- 
ally no high-frequency attenuation using a portable PTT4 EEG 
amplifier. Background EEG was recorded on one channel of a 
Yasec CD 1000 instrumentation tape recorder with stimulus 
markers recorded on a second channel for later analysis of the 
stimulus-initiated EEG activity. Auditory stimuli consisted of 
1,000-Hz tones, 30 ms induration, switched at the zero-crossing 
point (to minimize harmonic content) and presented binaurally 
at 85 dB. The inter-stimulus interval was randomly selected and 
varied between 1 and 8 s. The tone was generated and timed bya 
custom-built stimulus generator. 

A PDP11/04 was used to average the post-stimulus 512 ms 
epochs from analog tape in the first instance. Three averaging 
passes were made: the first using 90 unselected epochs; the 
second, 64 epochs with eye movement and other obvious arte- 
facts removed; and a third pass of 32 epochs. There were two 
records which had fewer than 64 ‘good’ epochs because of 
recording difficulties, but all had at least 32. Variance was 
calculated for each of the three averaging passes. The process of 
averaging involved digitizing each 512-ms epoch at 1,024 
points, thus the averaged waveform was based on 0.5 ms 
resolution. ; 

Subsequently, as a control, unstimulated EEG was averaged. 
Specifically, the 256 ms immediately before stimulus onset were 
averaged for 90 unselected epochs, and 256-ms post-stimulus 
epochs were also averaged for comparison. As the shortest 
inter-stimulus interval used was 1s, a 256-ms epoch was 
adopted for this control analysis to avoid residual evoked 
activity which might have contaminated 512-ms unstimulated 
string calculations. Mean unstimulated string score was 184.4+ 
50.7 (+s.d). Mean string score over 90 post-stimulus 256-ms 
epochs was 278,.2+ 133.4 (+s.d.). Units are arbitrary, but 
constant. The correlation between unstimulated string and 
APM was 0.127, which is not significantly different from zero. 
However, the correlation between post-stimulus 256-ms string 
and APM was 0.538, which is significantly different from zero at 
the P<0.001 level. The three original 512-ms string measures 
gave correlation coefficients of 0.530, 0.362 and 0.452 with 
APM for 90, 64 and 32 epoch passes, respectively, with 
significance levels of P<0.001, 0.02 and 0.005. None of the 
variance measures from the various data passes correlated 
significantly with APM. The highest scoring subject on the APM 
(35 correct out of 36) also had the highest scores for both the 
90-epoch post-stimulus string measures, although the unstimu- 
lated string was unremarkable. Reducing these scores to those of 
the next highest scorer on the 256- and 512-ms 90-epoch string 
measures reduced the correlations between these and APM to 
0.499 and 0.530, respectively. 

In considering these correlations, it should be borne in mind 
that the various post-stimulus string measures were derived 
from repeated passes over the same data and not from 
independent observations. Thus, the correlations should be 
considered as different estimates of the same underlying cor- 
relation, and not as replications. | 

For 25 of the subjects in this study, scores in various other 
psychometric tests had been recorded previously. These were all 
verbal tests, and thus may be expected to be considerably more 
achievement-loaded than the APM. They included NIIP 
GT9O0A, a high-speed, conventional verbal measure; Verbal 
Concepts and Verbal Critical Reasoning, two tests developed 
for closed circulation emphasizing, respectively, verbal anal- 
ogies and detection of fallacies; and various so-called ‘divergent 
thinking’ tests—uses of objects, meanings of words, etc. None of 
these tests correlated significantly with any of the EEG 
measures. | 

The principal feature of these results, therefore, is that despite 
the severe restriction of range on the IQ measure adopted, 
EEG-IQ correlations were at least as large as those found by 
other investigators using unselected subjects. This implies that 
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over the full range of IQ the correlation would be substantially 
higher. Taking a value of 0.45 as a mid-range estimate from the 
various string-APM correlations, a s.d. of 7.5 or 5.0 IQ points 
for this sample would give a corrected correlation of 0.71 or 
0.84, respectively. 

Given the relatively small sample size, it is pointless to 
attempt great accuracy in estimating the underlying correlation 
between the string measure and IQ. However, unless the 
‘normal’ data in the APM manual are substantially inaccurate or 
out of date, the data presented here suggest a correlation 
approaching the reliabilities typical of group tests of intelli- 
gence. 

Correlations of this magnitude between measures which 
apparently have little in common are very rare. On the one hand 
psychometric tests involve the individual in problem-solving 
activities of a kind which might be thought amenable to the sort 
of analysis undertaken by cognitive psychologists. On the other 
hand, the string measurement procedure involves the subject in 
no decisions, makes no apparent demands on memory, involves 
no difficult perceptual discriminations, and uses stimulus 
intensities much greater than threshold. In this respect it differs 
from the procedure of Nettelbeck and Lally’. Furthermore, the 
effect obviously occurs in the first 256 ms after presentation of 
the stimulus, in a task which can perhaps best be described as 
mindless. 

These results, and comparable results reported elsewhere“ 
using similar techniques on a large sample of school children, 
Suggest the possibility of identifying sources of individual 
differences in measured intelligence distinct from the quality of 
cognitive strategies and processes involved in intelligent per- 
formance, which might ultimately resolve several of the 
outstanding issues in differential psychology. 

D.E.H. was supported by a grant from the Social Science 
Research Council. 
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None of the brain peptides has been demonstrated to be present 
in significant amounts in the cerebellum’. The only effector 
substance known in the Purkinje cell, whose axon carries the 
integrated output of the cerebellar cortex, is the decarboxylated 
residue of glutamic acid**. An antiserum raised against 
synthetic porcine gut motilin and directed at the midportion and 
carboxyl end of the 22-amino acid polypeptide’ shows, in ana- 
tomically intact rat, mouse and human cerebellum, that most 
Purkinje cells contain motilin or a closely related substance*. 
We report here that motilin-absorbable immunoreactivity is 
evident from the spines of tertiary dendrites, through the cell 
body and axon, to nerve endings terminating, as expected, in the 
deep cerebellar nuclei and, unexpectedly, on nerve cells of some 
brain stem nuclei. In addition to its obvious functional impli- 
cations, motilin is thus an important marker with which to 
re-examine the organization and projections of Purkinje cells, 
their ontogeny and their response to injury. 
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Fig. 1 Flocculus of rat cerebellum showing motilin immunoreac- 
tivity in dendritic tree of Purkinje cells in the molecular layer (a); 
three Purkinje cell bodies in the Purkinje layer (b); occasional 
beaded axons coursing through the granule cell layer (c); and 
gathering axons in the subcortical white matter (d). 





Fig. 2 Coronal section of rat cerebellar vermis and subjacent 

medulla. The symmetry of motilin-immunoreactive Purkinje cells 

and their dendrites between (1) the right and left sides, (2) opposite 

sides of the same folium, and (3) opposite surfaces of adjacent 

folia produces a palisading effect. (The pattern is best appreciated 

in sections, such as this one, in which < 50% of cells are reactive.) 
IV, Fourth ventricle, midline. 


We examined the brains of 10 Long Evans rats and 10 Swiss 
albino mice, and the cerebellum of five human adults. Four of 
the rats were injected with 60 ug of colchicine in the lateral 
ventricle 48 h before killing. Animals were killed under pento- 
barbital anaesthesia by cardiac perfusion with isotonic saline, 
then 10% buffered formalin; brain fixation was completed by 
immersion in formalin overnight. Blocks of human cerebellum 
dissected at autopsy were fixed by immersion in 10% formalin 
for 48 h. The blocks were embedded in paraffin’, and 6 um serial 
sections were cut in the coronal or sagittal plane. 

Rabbit anti-motilin antiserum was generated against 
synthetic porcine gut motilin conjugated to bovine thyroglo- 
bulin by the glutaraldehyde method" after multiple intradermal 
injection’’ of 500 ug of the immunogen emulsified in 1 ml of 
complete Freund's adjuvant and, 3 and 6 weeks later, further 
administration by the same route of 100 and 50 yg of the 
immunogen in incomplete adjuvant. 

Immunocytochemistry was carried out by the indirect perox- 
idase method of Sternberger’*. Deparaffinized tissue sections 
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were reacted in sequence with the antiserum to motilin (1 : 800) 
at 4°C overnight, goat anti-rabbit globulin (1: 100) at room 
temperature for 30 min and rabbit peroxidase—antiperoxidase 
complex (1:400) at room temperature for 60 min. Reaction 
products were visualized with 3,3'-diaminobenzidine tetra- 
hydrochloride’. Negative specificity controls included 
replacement of the primary antiserum with the rabbit's pre- 
immune serum and solid-phase preabsorption of the primary 
antiserum with 200 ug of synthetic porcine motilin bound 
covalently to cyanogen bromide-activated Sepharose beads”? 

The following forebrain structures were motilin 
immunoreactive in the rat and mouse: (1) clusters of pituitary 
cells in the pars distalis and, in the rat, also the pars intermedia; 
(2) a few nerve cell perikarya in the ventrolateral hypothalamus; 
(3) a few nerve cell bodies in the arcuate nucleus of rat only after 
colchicine treatment; and (4) bundles of fibres confined to the 
zona externa in the lateral recesses of the median eminence. 
None of the hypophysial or hypothalamic reaction products was 
seen after incubation of the primary antiserum with synthetic 
motilin. 

The high concentration of motilin found in the cerebellum by 
radioimmunoassay of homogenized tissue extracts’ is readily 
explained by the presence of immunoreactive products in most 
Purkinje cells, which often fill the soma of the cell, its dendritic 
arbor as far as the spiny tertiary branches, the length of its axon 
through the internal granule cell layer and white matter (Fig. 
1), and its terminals on nerve cell bodies of the deep cerebellar 
nuclei Fig. 3. The other types of nerve cell in the molecular 
and granular layers of the cortex, as well as the nerve cells of 
the deep cerebellar nuclei themselves, are not reactive. In the 
rodent species examined, 90% of Purkin je somata in the hemi- 
spheres and the flocculus were labelled, whereas only one-half 
were reactive in the vermis. In the human vermis, the propor- 
tion of labelled Purkinje cells was much greater than in the 
rodents. Colchicine pretreatment in the rat intensified somatic 
staining, but did not alter the proportion of reactive cells. 

In the rodent vermis, short and long runs of motilin-reactive 
Purkinje neurones alternate with runs of unreactive ones. The 
grouping is not random, as reactive groups often occupy the 
Same position on either side of a folium and in adjacent folia 
(Fig. 2). The symmetrical palisades of reactive cells are con- 
tinuous in serial sections in the coronal plane, running rostro- 
caudally in the sagittal plane. This pattern, which is analogous 
to the longitudinal organization of cortical efferents and 
afferents described by Voogd'*, suggests that the substance 
detected is intimately related to the functional organization of 
the Purkinje cell system. 





Fig. 3 Rat cerebellum. Numerous nerve cells in dentate (d), 

emboliform (e), globose (g) and fastigial (f) nuclei are outlined by 

motilin-immunoreactive axons and nerve terminals. The lateral 

vestibular nucleus (l) is also innervated. Fourth ventricle (#*): 
vermal cortex (c). 





Fig. 4 Rat basis pontis. The bands of nerve cells lie between 

bundles (t) of transverse pontine (pontocerebellar) fibres. Several 

nerve cells are outlined by motilin-immunoreactive nerve ter- 
minals (arrows). 


Most nerve cell bodies in the rodent cerebellar nuclei were 
surrounded by punctate immunoreactive products (Fig. 3) 
interpreted as axon terminals making synaptic contact with the 
cells. The vestibular nuclei presented a similar pattern. In 
addition, nerve cells in several other brain stem nuclei (spinal 
and motor fifth, basis pontis, medial parabrachial, dorsal teg- 
mental, reticular gigantocellular, accessory superior olive, 
trapezoid, facial, prepositus, abducens and lateral lemniscus) 
were surrounded by motilin-absorbable immunoreactive 
terminals. As we found no reactive cells or axons in the brain 
stem, spinal cord, or dorsal root ganglia, the reactive terminals in 
these brain stem nuclei raise the possibility of previously 
unknown direct projections to the brain stem from the cere- 
bellar cortex. Preliminary results of unilateral cerebellar leuko- 
tomy between the cortex and deep nuclei demonstrated a 
substantial diminution of reactive terminals in the brain stem, 
predominantly on the same side. Innervation of the nucleus 
basis pontis (Fig. 4), the precerebellar relay nucleus in the 
multi-station circuit between the cerebellar and cerebral 
cortices, suggests feedback modulation from the terminal 
Purkinje cell to its afferent station in the pons. 

Electrophysiological studies of motilin report an excitatory 
effect in cerebral cortex'*. The cellular distribution of motilin in 
the cerebellum described here supports a neurotransmitter role. 
Differential immunohistological studies in progress are ex- 
pected to elucidate the relative distribution of motilin and 
y-aminobutyric acid in the Purkinje cell population. Motilin 
immunoreactivity as a marker of Purkinje cell processes and 
nerve terminals, in conjunction with ablation, tracer, and 
radiolabel uptake experiments, provides a major new tool to 
study the organization of the cerebellar cortex. 

We thank Ms Judith A. Mulhern for technical assistance, This 
work was supported by a Parkinson's Disease Foundation grant 
to Columbia University. 
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Measurements of currents through individual receptor-gated 
ion channels using the patch clamp technique have shown that 
each open channel contributes a square pulse of current and has 
a constant conductance, and that transitions between open and 
closed states are rapid’. To increase the signal-to-noise ratio of 
patch clamp recordings of glutamate channels in locust muscle, 
the bandwidth of the patch clamp amplifier has usually been 
restricted by a low pass filter (3 dB point, nominally 1 kHz with 
an 18 dB per octave slope). With concentrations of L-glutamate 
<5 x 107° M, we previously found that frequency histograms of 
channel lifetimes, constructed from data recorded with a 1 kHz 
bandwidth, could be fitted by single exponentials using the 
least-squares method”*. Mean channel lifetimes estimated from 
the exponentials agree reasonably well with values obtained by 
‘noise’ analysis of locust neuromuscular junctions and with 
mean values calculated directly by averaging the open times of 
single channel events’. However, the histograms are deficient in 
the region 0-1 ms because of the limited high-frequency 
response of the recording system. We have now recorded glu- 
tamate-gated channels in locust muscle membrane with signal- 
to-noise ratios of 3:1 or better and a recording bandwidth of d.c. 
to 10 kHz, and report lifetimes as brief as 50 us. Frequency 
distribution histograms constructed from data recorded at 
10 kHz suggest that the lifetime of the glutamate channel in 
extrajunctional membrane of locust muscle is governed by at 
least two exponential time-dependent processes, one of which 
has the effect of delaying channel closure. 

Experiments were performed on the extrajunctional 
membrane of innervated extensor tibiae muscles from the 
metathoracic legs of adult (female) locusts (Locusta migratoria 
and Schistocerca gregaria) pretreated with concanavalin A (Con 
A) to block receptor desensitization’. The outsides of Pyrex 
(borosilicate) patch electrodes were coated with a film of nitrate 
cellulose dope before being filled with saline containing either 
glutamate or agonist. Recordings with clear signal resolution 
(signal-to-noise >3:1) are best obtained with a 10kHz 
amplifier if the patch electrode seal resistance is >20 MQ and 
the muscle fibre membrane is clamped’ at potentials (such as 
—125 mV) more negative than the resting potential (about 
—60 mV). At —125 mV single channel currents often exceed 
18 pA (Fig. 1). 

The activity of single glutamate channels was recorded on a 
FM tape recorder with a bandwidth of >10kHz for later 
analysis. To increase the objectivity of our measurements we 
have automated our measuring procedures. Recorded analog 
data are played back through a window comparator which 
produces a square pulse having a duration equal to the channel 
open time. The analog input signal and the upper and lower 
window levels are multiplexed and can, therefore, be displayed 
on the same beam of an oscilloscope, allowing the comparator 
levels to be easily adjusted. The input signal must fall through 
the window, that is the input signal must first cross the upper 
comparator level and then cross the lower level to initiate the 
digital output pulse. To terminate this pulse the input signal 





* Present addresses: Agricultural Biology Research Department, Pfizer Ltd, Sandwich, Kent 
CT13 9NJ, UK (K.A.T.G.); Department of Pharmacology and Therapeutics, University of 
Dundee, Ninewells Hospital, Dundee DD1 9SY, UK \J.J.L.); Department of Biological 
Sciences, Brock University, Ontario, Canada L2S 3A1 (R.P.R.). 

t To whom correspondence and reprint requests should be addressed. 
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must rise above the window by crossing both comparator levels. 
(Crossings of only one comparator level are, therefore, ignored.) 
The duration of the square pulse (open time) and the intervals 
between square pulses (closed times) are then measured by a 
PDP11/34A computer. To validate this method the same 
channels were measured by hand and using the window 
comparator. The results obtained using the two methods showed 
very close agreement (>99%). 

Three calibration techniques have been used to define the 
resolution of our system for recording and measuring single 
channel data. (1) Square current pulses, with rise and fall times 
of <1 us, mixed with bandwidth limited noise, were injected 
into the front end of the patch amplifier. The noise and pulse 
amplitudes were adjusted to match channel data recorded using 
this amplifier and then analysed in the same way as comparable 
channel data. (2) Square voltage pulses, also with rise and fall 
times <1 us, were injected into the bath containing the locust 
nerve—muscle preparation through a saline-filled microelec- 
trode placed close to a patch electrode sealed onto the extra- 
junctional membrane of a muscle fibre. (3) A.c.-coupled tri- 
angular voltage pulses were injected into the bath adjacent to 
the patch electrode, sealed onto the surface membrane of a 
muscle fibre and recorded as square current pulses*. All three 
techniques produced essentially similar results and indicate that 
the rise and the fall time of our recording system is <100 ps. To 
check the efficiency (number of pulses injected per pulse re- 
covered) of our recording system for collecting injected pulses of 
different durations, it was necessary either to locate the patch 
electrode on membrane which did not exhibit channel activity or 
to fill the patch electrode with glutamate-free saline. Otherwise 





10 pal 


2 ms 


Fig. 1 Calibration pulses and single glutamate channels of locust 
extrajunctional muscle membrane recorded at a bandwidth of d.c. 
to 10 kHz. The square calibration pulses of rise time ~1 us were 
injected from a saline-filled micropipette (resistance <1 M) into 
the bath containing a muscle preparation. The micropipette was 
placed to within 100 um of a patch electrode sealed onto extra- 
junctional muscle membrane (see text). a, b, Typical recordings for 
a 65 ps and a 1.25 ms calibration pulse, respectively. c and d show 
single glutamate channels of comparable durations to the cali- 
bration pulses in a and b. Note that the amplitudes of the channels 
in c and d are approximately equal. e, Typical example of single 
channel activity with channel lifetimes ranging from ~50 us to 
1 ms. Records t“e were obtained in the presence of 5 x 10°°M 
L-ghutamate from a voltage-clamped muscle fibre (clamp potential 
—125 mV). c and d were obtained from the same site and e froma 
different site on the same muscle fibre. Temperature ~20 °C. Time 
and current calibrations were the same for a-d. 
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it was sufficient to use low (such as 107° M).concentrations of 
L-glutamate in the patch electrode, thereby generating only a 
low frequency of channel events to ensure that the time courses 
of at least some of the calibration pulses were not influenced by 
accompanying glutamate channels. There is close agreement 
between the duration of the square pulse injected into the bath 
and the recovered pulse as measured by the computer. For 
example, with an input pulse of mean duration 65+0.01 LS 
(+s.d.), an output pulse of mean duration 70+0.04 us was 
obtained. Note that a square pulse, which has its rise and fal] 
times limited, appears as an inverted triangle or trapezoid (Fig. 
la). In our system, a 100 us pulse appears at the Output as a 
triangle with its amplitude approximately equal to that of the 
injected square pulse but with the base of the triangle ~200 us 
long. With close attention to the setting of the comparator level 
during measurement of channel lifetimes, we can reliably detect 
at least 90% of channel openings and closings of 50-100 uS 
duration. In addition, our calibration technique indicates that 
the measured durations for channel openings and closings are 
within 20% of their true value for events between 50 and 
100 ys. As we obtained excellent agreement between recovered 
durations and input durations for calibration pulses of duration 
>100 us, we are confident. that our recording and analysis 
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Fig.2 Frequency distributions of glutamate channel lifetimes. a, 
Lifetime distribution for single glutamate channels recorded from 
an extrajunctional site with 5x 107° M L-glutamate in the patch 
electrode. The data were obtained from a voltage-clamped muscle 
fibre (clamp potential -125 mV) and at a recording bandwidth of 
d.c. to 10 kHz. The peak in the lifetime distribution occurs at 
~325 us (bin no. 7). The dotted line, which is the best fit exponen- 
tial to the falling phase of the distribution, was fitted by the 
least-squares method using the data in bins 6-40 (0.275- 
1.975 ms). The time constant of the exponential (vo .,) is 0.8 ms. 
Note the discrepancy between the observed number of short 
(=250 us) lifetimes and the number of events predicted by an 
exponential distribution of lifetimes. All recordings were obtained 
at a temperature of ~20 °C. b, Frequency distribution of channel 
lifetimes recorded in the presence of 10°? M L-cysteate. Note that 
although the recording conditions were identical to those described 
for recording the glutamate channels (a), the peak in the cysteate 
channel distribution occurs at ~175 us (bin no. 3) compared with 
~325 ps (bin no. 7) for L-glutamate. 
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Fig. 3 Comparison of the distribution of glutamate channel 
lifetimes with a computer-simulated distribution. a, Frequency 
distribution of glutamate channel lifetimes: recorded in the 
presence of 5x10™°M L-glutamate (see Fig. 2a legend for 
description of recording procedure). The peak in the distribution 
(G) occurs at ~325 us. b, Simulated. frequency histograms con- 
structed using the procedure described in the text. Two simulations 
are plotted, constructed from 1,000 (@) and, 100,000 (-—) events. 
Both simulations were constructed using exponential time 
constants. 7, = 0.2 ms for the first time-dependent process (state 
A) and r2 = 0.8 ms for the second process (state B). The peaks (M, 
and M3) occur at ~325 ys, coincident with the peak (see arrows) in 
the frequency distribution for glutamate channel lifetimes. 


techniques give accurate information on channel Openings and 
closings >100 ps. 

It is possible to monitor activity of an individual channel at a 
single site on a locust muscle fibre for long periods (for example 
30 min) and, therefore, with an appropriate concentration of 
L-glutamate in the patch electrode, to collect information on a 
large number (for example, 1,000) of channel openings. Thus we 
have been able to construct histograms of channel openings 
using narrow (50 ps) bin widths. (Average lifetimes for quartiles 
of the recording period were not significantly different, indicat- 


ing stationarity.) Figure 2a is a typical frequency histogram of. 


lifetimes constructed from 1,000 open events recorded from a 
single site in the presence of 5x 107° M L-glutamate. The dotted 
line is the best fit exponential to the falling phase of the 
distribution. Similar histograms have been obtained for lifetimes 
of channels recorded from many other preparations and with 
other agonists, such as L-cysteate (Fig. 2b). It is clear that 
despite the increased frequency response, our recording system 
histograms are still deficient in brief channel openings (of dura- 
tion <250 ps), that is, the distributions are not exponential but 
exhibit a peak. As this deficiency could be explained only in part 
by the limitations of the recording system, the distributions 
Suggest that two (or possibly more) processes may be involved in 
channel closure. 

The open-close kinetics of desensitizing channels—bursts of 
channel openings separated by relatively long quiet 
periods**'°-make it difficult to obtain the large number of 
events needed to construct reliable histograms of channel 
lifetimes in the absence of Con A. We cannot be certain, there- 
fore, that this lectin does not influence the lifetime of the 
glutamate channel, although the measured mean lifetimes of 
channels gated by extrajunctional receptors in Con A-treated 
and untreated muscle preparations are not significantly different 
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when determined from data recorded using a 1 kHz low pass 
filter’. In addition, the measured mean channel lifetime of 
channels recorded with a 10 kHz amplifier, and with 5 x 107" M 
glutamate in the patch electrode, is ~1 ms—significantly shorter 
than the measured mean lifetimes of the glutamate channel 
(2-2.5 ms) reported previously using an amplifier with a more 
restricted bandwidth’. 

As a first approximation, the frequency distributions of 
lifetimes for locust glutamate receptors with 5x10 M glu- 
tamate can be described by two exponentials, the process 
characterized by one exponential having the effect of delaying 
the observed event of channel closure which is characterized by 
the other exponential. To test this idea we have attempted to 
simulate the frequency histograms of channel openings in the 
following way. A random number was selected from an 
exponential distribution with a mean corresponding to the 
estimated time constant of the first time-dependent process 
(transition from first open state [state A] to second open state 
[state B]). This assumes that transition from state B to state A 
has a low probability (k3»k_3, see model below). A second 
random number was selected from another exponential dis- 
tribution with a mean corresponding to the estimated time 
constant of the second time-dependent process (transition from 
open state B to closed state). The two random numbers were 
summed to produce a simulated channel opening. Figure 3b 
illustrates two frequency histograms, one constructed from 
1,000 such events, the other from 100,000 simulated events. 
Initially the two time constants were estimated from the 
frequency histograms of real data and then refined by trial and 
error until the simulated histogram matched that for the real 
data. There is close agreement between the simulated dis- 
tributions of channel lifetimes and the real data for the glu- 
tamate channel illustrated in Fig. 2a, suggesting that if channel 
closure is a two-step process, then in the case of the glutamate 
channel the rate of decay of state A is about four times faster 
than that of state B. 

Cyclic kinetic schemes containing two open states have been 
proposed'*!? for channels gated by acetylcholine receptors on 
vertebrate skeletal muscle but the three-state sequential model 
of Del Castillo and Katz’? with two closed states is generally 
favoured for this system, that is, 


ky k2 
nAt+R => A,R = A, R* 


closed closed open 


This scheme describes the binding of an undefined number (n) of 
agonist molecules to the receptor (R) to form an intermediate 
closed state, A,,R, which then makes the transition to the open 
channel state A, R*. Obviously the model does not adequately 
describe the data for locust glutamate receptors because it 
implies that histograms of channel lifetimes should be fitted by a 
single exponential function. Instead we propose that the follow- 
ing cyclic model, modified from the desensitization scheme 
developed by Katz and Thesleff’ for the acetylcholine receptor, 
is a reasonable working hypothesis for the operation of glu- 
tamate-gated channels in locust muscle: 


closed closed 


kı 
nå +R z= A,R 


k-1 


ka Î lk 
k-3 
nA +R* = A,R* 


k3 
(state B) open open (state A) 


This model includes the two open states anticipated by our 
lifetime data. Because the scheme includes two irreversible steps 
(ka, ka), an energy supply would be required to maintain the 
steady state’*'>, Its advantage is that it provides a mechanism 
for dependence of channel lifetime on agonist concentration 
which does not require multiple binding sites for the agonist 


because the back reaction described by k_3 depends on the 
concentration of agonist. ° 
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Synthetic pyrethroids are a new class of highly active insecticides 
with great potential for practical application’, They are 
generally recognized as neurotoxicants that act directly on 
excitable membranes”. Previous studies have shown that the 
effect of the pyrethroid allethrin closely resembles that of the 
classical insecticide dichlorodipheny! trichloroethane (DDT) in 
the peripheral nervous system of Xenopus laevis**. Both 
compounds induce intense repetitive activity in sense organs and 
in myelinated nerve fibres. In the lateral-line sense organ this 
repetitive activity increases with cooling, a phenomenon that 
may be related to the negative temperature coefficient of toxicity 
of DDTĆ and pyrethroids’ in insects. In frog node of Ranvier, 
DDT slows the closing of sodium channels that open during 
depolarization?” so that a prolonged sodium tail current persists 
after the membrane has been repolarized. We have recently 
found that the pyrethroid allethrin’® causes a similar sodium tail 
current in the nodal membrane of Xenopus. Pyrethroids™™" and 
DDT“ are also known to cause prolongation of the sodium 
current together with repetitive activity in nerve ftbres of 
invertebrates. The prolonged sodium current is thought to be 
directly responsible for this repetitive activity”’”, and it has been 
suggested that the sodium channel in the nerve membrane is the 
major target site of pyrethroids and DDT-like compounds’. 
We have now investigated the mechanism by which pyrethroids 
and DDT prolong the sodium current in Xenopus nodal 
membrane. Our results show that these compounds—despite 
marked differences in chemical structure—modify sodium 
channel gating in a strikingly similar way and reduce selectively 
the rate of closing of the activation gate. 

The experiments were carried out on voltage-clamped’® 
myelinated nerve fibres from the sciatic nerve of X. laevis at 
15°C. Potassium currents were eliminated by applying 
tetraethylammonium (TEA) and by substituting Cs* for KË. 
Allethrin ((+)-cis, trans-(+)-allethrin), permethrin ((+)-cis, ` 
trans-permethrin} and DDT (p,p'-DDT) were first dissolved in 
ethanol and then suspended in the external solution so that the 
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Fig. 1 Modification of sodium currents by pyrethroids and DDT. 
Recordings of sodium currents elicited bya depolarizing test pulse 
together with baseline level. Temperature 15 °C. a, Before (upper 
trace) and after (lower trace) exposure to 20 uM allethrin. b, After 
exposure to 40 uM DDT. c, After exposure to 10 uM permethrin. 
In c two traces are superimposed, recorded at the temperatures 
indicated. Test pulse amplitude: 60 mV (a), 70mV (b,c). The 
insecticides were applied by a single perfusion of three to six times 
the volume of the pool bathing the node. The membrane was held 
at the potential at which h.,=0.70 (~70 mV). Test pulses were 
preceded by a 100-ms conditioning prepulse to -120 mV to 
remove resting sodium inactivation. Linear parts of capacitive and 
leakage currents were electronically subtracted. Sodium currents 
were filtered at 5 kHz by an active two pole low-pass filter. Time 
constants of tail currents were calculated using a least squares 
algorithm. The external solution contained (in mM): Na* 104.4, 
Cs* 2,2, Ca** 1.8, TEA* 12, Cl” 122.2 and HEPES 2.7; pH was 
adjusted to 7.3 with approximately 1.5 mM NaOH. The ends of the 
fibre were cut in 120 mM CsCl. Vertical bars, 1 nA; horizontal bar, 
2 ms (a, b), 10 ms (c). 


final nominal concentration was 10-40 uM. The amount of 
ethanol in the final solution was below 0.5% (v/v), which was 
found to be without effect in control experiments. 

Allethrin and permethrin only slightly affected sodium cur- 
rents during step depolarizations of the membrane. Peak sodium 
current amplitude was slightly reduced and the declining phase 
was slightly prolonged, but the rate of rise remained unaffected. 
The effect of allethrin and permethrin was most marked after the 
membrane was repolarized to holding potential. In untreated 
nodes the sodium current was always rapidly turned off by 
repolarization, whereas in the pyrethroid-treated nodes a large 
sodium tail current persisted (Fig. 1a,c). DDT also induced a 
sodium tail current after repolarization without seriously 
affecting sodium currents during depolarizatiqn (Fig. 14), as 
previously reported*”. The rate of decay of the tail current was 
` independent of the amplitude and duration of the depolarizing 
test pulse. The decaying phase of the tail current was fitted by a 
single exponential with a time constant of 9.8+ 1.2 ms (mean + 
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s.d., number of nodes n = 6) for allethrin, 17.4+0.3 ms (n = 3) 
for permethrin and 3.7+1.6ms (n =3) for DDT. At lower 
temperatures the exponential decay of the tail currents was 
markedly slowed, as illustrated in Fig. 1¢ for permethrin. 

In pyrethroid- as well as DDT-treated nodes the membrane 
conductance during the tail was proportional to the degree of 
sodium activation during the test pulse (Fig. 2a). When the 
sodium current during the test pulse was inactivated to various 
degrees by varying the prepulse potential, the tail current ampl- 
itude was reduced proportionally (Fig. 2b). The potential 
dependence of sodium activation and sodium inactivation was 
not significantly affected by the insecticides. The magnitude of 
the tail current also depended on the duration of depolarization. 
After very short test pulses there was almost no tail current; with 
increasing duration of test pulse the amplitude of the tail current 
rapidly increased, reached a maximum and slowly declined with 
longer depolarizations. These results show that in pyrethroid- as 
well as DDT-treated nodes the number of sodium channels 
activated during the tail was always proportional to the number 
of sodium channels which had opened during depolarization, 
suggesting a precursor-product relationship® between open 
sodium channels and sodium channels affected by the insecti- 
cides and indicating that pyrethroids and DDT preferentially 
interact with open sodium channels. 
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Fig.2 a, Dependence of tail current amplitude on sodium activa- 
tion. Sodium currents were elicited by 8-ms depolarizing test pulses 
of various amplitudes. Tail currents were extrapolated to the 
moment of repolarization and tail conductance (closed symbols) 
was normalized according to the procedure commonly used for 
sodium conductance?" (open symbols). b, Dependence of tail 
current amplitude on sodium inactivation. Sodium currents were 
elicited by a standard test pulse (60 mV, 3 ms) following 100-ms 
conditioning prepulses of various amplitudes. Open symbols, 
sodium current during test pulse; closed symbols, tail current, 
Nodes treated with allethrin (triangles), permethrin (squares) or 
DDT (circles). Temperature 15 °C. Insets indicate voltage steps. 
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Fig. 3 Influence of duration and amplitude of depolarization on 
the shape of the tail current. Temperature 15 °C. a, Five superim- 
posed traces of sodium currents elicited by 60-mV test pulses of 
0.5, 1.5, 3.5, 5 and 6 ms, respectively, together with baseline level 
in a node treated with 20 uM allethrin. Following short test pulses 
the decay of the tail current was monotonic, whereas after longer 
test pulses an initial increase of the tail current gradually 
developed. b, Five superimposed traces of sodium currents elicited 
by 8-ms test pulses to the membrane potentials indicated together 
with baseline level in a node treated with 40 uM DDT. The initial 
increase of the tail current gradually developed with increasing 
amplitude of depolarization. Vertical bar, 0.5 (a) and 1 (b) nA; 
horizontal bars, 2 ms. 


It was also found that the shape of the initial phase of tail 
current strongly depended on amplitude and duration of 
depolarization, with essentially the same results for all three 
insecticides. After small or short test pulses the decay of the tail 
current was always monotonic. With increasing amplitude and 
also with increasing duration of test pulse, however, the tail 
showed a marked initial rise before the exponential decay (Fig. 
3a,b). Apparently the shape of the tail current depends on the 
degree of sodium inactivation at the moment of repolarization. 
In terms of the classical Hodgkin~Huxley model of sodium 
channel gating’’ this can be most readily explained by postulat- 
ing that pyrethroids and DDT selectively reduce the rate of 
closing of the activation (m) gate in a fraction of the sodium 
channels that open during depolarization. After test pulses 
producing little inactivation, sodium channels which are not 
affected close as rapidly as normal, but those modified by the 
insecticides will close more slowly and a slowly decaying tail 
current will remain. Modified sodium channels are still subject 
to inactivation (see Fig. 3a) and at the end of test pulses that 
cause almost complete inactivation, most h-gates will be closed. 
On repolarization to holding potential, h-gates will start to 
reopen, causing modified channels to become conductant again 
because the closing of their m-gate is delayed. This mechanism 
adequately accounts for the development of a hooked tail 


current with increasing duration and amplitude of depolariza- 
tion. ` 

Some nodes treated with the pyrethroids or DDT failed to 
show an initial increase in the tail current, even after large 
depolarizations lasting for up to 50 ms. These nodes behaved 
identically to the other nodes in every respect except that they 
had a high degree of slow sodium inactivation’. Thus at the 
moment of repolarization many sodium channels are still open 
and the initial increase in the tail current will be masked by a 
large instantaneous sodium current. 

Our hypothesis that these insecticides selectively reduce the 
rate of closing of the activation gate of the sodium channel is 
fully supported by the observation that in DDT-treated frog 
nodes the off-response of asymmetrical displacement currents 
was slowed down, while the on-response was not altered’’. The 
similarity between the action of DDT and pyrethroids predicts 
that pyrethroids will have qualitatively similar effects on nodal 
displacement currents. Recently we have found that other 
pyrethroid insecticides, including some cyanophenoxybenzyl 
pyrethroids, also induce a persistent sodium tail current in 
Xenopus node of Ranvier (ref. 20 and H.P.M.V. and J.v.d.B., 
unpublished observations), indicating that the mechanism 
described here may apply to pyrethroids in general. An addi- 
tional argument in favour of a similar mode of action of pyreth- 
roids and DDT and its analogues is the existence of a high degree 
of non-metabolic cross-resistance in the housefly to these two 
classes of insecticide due to a common genetic factor (kdr) that 
presumably leads to nerve insensitivity”. 

The present results suggest that pyrethroids as well as DDT® 
interact with sodium channels having both the m-gate and 
h-gate open, and thereby stabilize the open configuration of the 
m-gate. On repolarization the sodium channel changes state” 
and the tail current slowly decays to zero level with a single 
exponential time course which is independent of tail current 
amplitude. This indicates that the relaxation of the m-gate of the 
modified sodium channels is determined by an apparent uni- 
molecular first-order process. Differences in rate of decay of the 
tail current induced by the three compounds can be accounted 
for by differences in rate of this relaxation process. Furthermore, 
the marked prolongation of the tail current on cooling indicates 
that the relaxation process has a positive temperature coefficient 
which may underly the reversed temperature dependency of 
repetitive activity*” caused by pyrethroids and DDT. Whether 
pyrethroids and DDT compete for the same site in the nerve 
membrane remains to be elucidated. 

This work was supported by the Foundation for Medical 
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The recent development of tumour-reactive monocional anti- 
bodies has stimulated interest in their use in targeting toxic 
agents to tumour cells. One such approach involves the covalent 
coupling of tumour-reactive antibodies to the toxic peptide of 
the plant toxin, ricin. Such conjugates are highly effective in 
killing various tumour cells in vitro’-°. Here we have used the 
murine B-cell tumour, BCL,, in an adoptive transfer system 
capable of detecting 1-10 tumour cells, to demonstrate the 
effectiveness and specificity of an anti-immunoglobulin(Ig)- 
ricin A chain conjugate in deleting tumour cells from infiltrated 
murine bone marrow. We report that the transferred cells were 
able to repopulate the haematopoietic system of lethally irradi- 
ated mice and that in most mice the tumour did not recur. We 
discuss the implications of this approach for autologous bone 
marrow transplantation following supralethal tumour therapy. 

The murine BCL, tumour is in many respects similar to the 
prolymphocytic variant of human chronic lymphocytic leuk- 
aemia (CLL). The malignant cells are of B-cell origin and 
carry immunoglobulin on their surface. BCL, grows primarily in 
the spleen and blood of recipient mice with invasion of the bone 
marrow occurring only later in the course of the disease’. 
Depending on the number of tumour cells injected, recipient 
mice survive for 3-5 months. We have shown previously that if 
tumour cells are treated in vitro with an antibody specific for the 
variable region of the surface immunoglobulin molecules (anti- 
idiotype antibody) covalently coupled to the A chain of ricin, 
protein synthesis is irreversibly inhibited and the cells are 
killed’. In such experiments, inhibition of protein synthesis 
correlated well with the percentage of tumour cells in the treated 
population. However, as injection of only 10 BCL, cells into 
normal BALB/c mice will induce tumour formation", the 
adoptive transfer assay represents a more sensitive measure- 
ment of the number of residual viable tumour cells in a treated 
cell population. The extent of tumour cell death is particularly 
important when comparing this technique with other procedures 
which eliminate tumour cells bearing specific markers. 

The antibody used in the present studies was an affinity- 
purified polyvalent rabbit anti-mouse immunoglobulin 
(Ra MIg) which binds to surface immunoglobulin on both BCL, 
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Fig. 1 Adoptive transfer of spleen cells treated with RaMig-A 
chain from BCL,-bearing mice. 10’ spleen cells, containing 8 x 10° 
tumour cells, were treated at 4°C for 15 min with 1 pg ml”! of 
either RaMIg~A chain (W) or RaOVA~A chain (I) Treated cells, 
as well as untreated cells (Ø), were washed and injected i.v. into 
groups of five normal BALB/c mice (10° cells per mouse). At 6 and 
12 weeks after adoptive transfer, recipient mice were killed and 
examined for Id” (tumour) cells in the spleen, and for leukaemia. 
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tumour cells and normal B cells''. An affinity-purified rabbit 
anti-ovalbumin (Ra OVA) antibody was used as a control. As 
described previously’, the antibodies were covalently coupled to 
the A chain of ricin using the heterobifunctional cross-linker 
N-succinimidyl-3-(3-pyridyldithio)propionate (Pharmacia). The 
preservation of antibody activity and the presence of A chain in 
the conjugate were established by solid-phase radioim- 
munoassay. Antibody-A chain conjugates were reacted with 
antigen (mouse immunoglobulin or OVA) and the presence of 
antibody or A chain was subsequently demonstrated by binding 
of radiolabelled antibodies directed against rabbit immunoglo- 
bulin or ricin A chain. It was confirmed that the conjugates could 
kill BCL, cells in vitro. 

Spleen cells (1-10x10°) from BCL,-bearing mice were 
treated at 4°C for 15 min with an optimal concentration of the 
specific (RaMIg-A) or control (RaOVA-~A) antibody con- 
jugate. Approximately 80% of the spleen cells in the popu- 
lations used were tumour cells, as judged by immunofluorescent 
analysis after staining with anti-BCL, idiotype and by 
morphology. After treatment, 10° cells were injected into 
normal BALB/c mice. A group of mice also received untreated 
cells. At 6 and 12 weeks after adoptive transfer, recipient mice 
were killed and examined for presence of tumour cells in the 
spleen and for leukaemia. As shown in Fig. 1, untreated cells or 
cells treated with the control conjugate induced significant 
tumour formation. Animals receiving cells treated with Ra MIg- 
A chain showed a concentration of Id* cells just above the level 
of control staining (5-10%) and this number did not increase 
between 6 and 12 weeks. Furthermore, white blood cells in 
Ra Mig-A chain-treated mice never exceeded levels observed 
in normal mice (5-10 x 10° ml’). Therefore, it is probable that 
treated animals contained no viable tumour cells, but we cannot 
exclude the possibility that there was a small number of tumour 
cells whose growth was inhibited by an immune response trans- 
ferred with the treated splenocytes. To determine how many 
viable tumour cells would have been necessary to induce tumour 
formation at 12 weeks, additional experiments were performed 
using untreated tumour cells. In these experiments, groups of 35 
mice received 1, 10 or 100 BCL, tumour cells and the time at 
which hepatosplenomegaly became apparent was noted. At 12 
weeks after transfer of tumour cells, 95% of the animals receiv- 
ing 10 tumour cells and 43% of those receiving 1 tumour cell had 
overt tumour (Table 1). Based on these experiments, we esti- 
mate that animals injected with spleen cells treated with 
RaMig-A chain (Fig. 1) received- <10 viable tumour cells. 
Thus, by using an inoculum of 10° tumour cells, we eliminated at 
least 99.9% of the cells. 

One treatment of patients with disseminated neoplasia 
involves vigorous chemotherapy/radiotherapy with autologous 
bone marrow rescue’*; bone marrow is removed before the 
patient is treated with supralethal chemotherapy and/or radio- 
therapy to kill all tumour cells. The autologous bone marrow is 
then injected into the patient to reconstitute the haematopoietic 
system. One major problem with this approach is that the bone 
marrow may contain tumour cells. We therefore applied the 
antibody-A chain technique to treat marrow cells from BCL, - 
bearing mice (10-20% BCL, cells) with antibody=A chain 


Table 1 Time’ required for ‘small doses of tumour cells to induce 
hepatosplenomegaly in BALB/c recipients Go 
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Fig. 2 Adoptive transfer of bone marrow cells treated with 
RaMig-A chain from BCL,-bearing mice into lethally irradiated 
recipients. 10° bone. marrow cells, containing 1-2 x 10° tumour 
cells, were left untreated (A), or were treated with RaMlg (%5), 
-RaMig plus C (©), RaMIg-A chain (W), or RaOV A-A chain (0). 
Groups of 20 mice received 10° marrow cells per mouse. Every 2 
weeks after adoptive transfer, mice were examined for leukaemia. 


conjugates to eliminate tumour cells, but not stem cells, from the 
marrow. Preliminary experiments showed that such lethally 
irradiated mice could be rescued with an intravenous injection 
(i.v.) of 10°, but not 10°, normal bone marrow cells. Therefore, 
10° marrow cells treated with specific or control conjugates or 
specific antibody and complement (C’) were injected- into 
lethally irradiated (750 rad) mice. a4 
Although all mice were rescued with 10° marrow cells, only 
those. animals receiving marrow treated with RaMIg-A were 
leukaemia-free 8 weeks later (Fig. 2). However, 12 weeks after 
marrow transfer, 3/20 of the mice receiving Ra MIg~A-treated 
marrow were leukaemic. Based on the number of animals which 
. became leukaemic and the length of time necessary to achieve a 
Jeukaemic state (see Table 1), it was estimated that 1-10 tumour 
cells remained in the RaMIg—A chain-treated marrow. Thus, as 
the original 10°. marrow cells injected.contained 10° tumour. 
cells, we estimate that.the specific conjugate eliminated 99.9% 
of the tumour cells while preserving sufficient numbers of stem 
cells to repopulate the mice. Moreover, other experiments (not 
shown) have. demonstrated.that the repopulated..tumour-free 
mice contain normal numbers of T and B. cells in their spleens. 
‘Note that the treatment of marrow with ReMIg plus C' 
required 250 times more antibody for optimal cytotoxicity 
(20%) than treatment with RaMIg-A. chain. Although the 
RaMiIg plus C’ eliminated an.estimated 90-95% of the tumour 
cells from the treated marrow, the recipient mice rapidly 
developed leukaemia, emphasizing the advantage of using 
_antibody-A chain compared with C'-mediated cytotoxicity. 
These results indicate that: (1) almost. all (>99.9%) BCL, 
tumour cells bear surface immunoglobulin, that is, the BCL, 
our does not have a major pre-B cell component, (2) 





















treatment with RaMIg-A chi 
tur cells from the marrow of 
eliminated by a conjugate using ar 
specific. Thus, the above approa 


transplantation, requires only i 
reactive antibody. 
Further experiments are nee | 
BCL, tumour cells can be killed by the above approach. We 
emphasize that spontaneous B-cell leukaemias in man could 
have malignant pre-B cells’, that is, surface Ig” in addition to 
surface Ig* leukaemic cells. Elimination of Ig” leukaemic cells 
would require treatment with a monoclonal antibody to a 
differentiation antigen that is expressed on pre-B cells and not 
stem cells. E | | SO 
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Resistance to the antibiotics chloramphenicol (CAP) and 
efrapeptin (EF') in mammalian cells is cytoplasmically 
inherited’’. We demonstrate here that purified mitochondria 
obtained from CAP" and EF" cells are taken up by endocytosis _ 
and transfer antibiotic resistance to chloramphenicol-(CAP") 
and efrapeptin-(EF"’) sensitive cells. The resultant cells, termed - 
mitochondrial transformants, are stably resistant to the antibio- 
tics and are produced with high efficiency. The ability to transfer 
antibiotic resistance using mitochondria supports the notion that 
CAP" is due to a mutation of the mitochondrial DNA’. This 
technique. of mitochondrial-mediated transfer of antibiotic 
resistance may provide a novel means for studying mitochon- 
drial genetics in mammalian cells. 

The antibiotics chloramphenicol and efrapeptin inhibit mito- 
chondrial protein synthesis and ATPase, respectively, thereby 
killing sensitive (wild-type). mammalian cells. Various mutant 
cell lines have been isolated’ which are resistant to these drugs; 
we used these mutants to investigate the ability of isolated- 
mitochondria’ to transfer resistance to the antibiotics. In these 
experiments we produced antibiotic-resistant cells by mixing 
purified resistant mitochondria with sensitive (wild-type) intact 
cells and selecting the transformants by using antibiotics. The 
following are evidence that we were able to transfer antibiotic 
resistance via isolated mitochondria: (1) mitochondria obtained 
from antibiotic-resistant cells previously incubated with the vital 
non-toxic laser dye rhodamine 123, which specifically stains 
mitochondria®, accumulated in wild-type cells by endocytosis; 
(2) transfer of antibiotic resistance was stable even in the 
absence of antibiotic selection; (3) contaminating. resistant 
parental cells were not responsible for these observations, as 
wild-type recipent cells had specific nuclear markers allowing 
positive identification of cell types; (4) the transfer was cyto- 
plasmically determined because mitochondrial transformants 
were used as donors to transfer antibiotic resistance by enuclea- 
tion and cybridization; (5) this transfer was UV light sensitive 
and appeared to be species specific, (6) there was a high co- 
transfer frequency of both CAP’ and EF’. 

Y-1 and PCC, wild-type (CAP* and EF^) cells (respectively 
obtained from the American Type Culture Collection, Mary- 
land, and W. E. Wright, UTHSCD, Texas), plated out in 
medium containing 50 pg ml’ CAP or 0.1 pg ml” EF, were 








* To whom correspondence should be addressed. 





© 1982 Macmillan Journals Ltd 


606 ° 


able to attach to the substrate. After 4—5 days the cells became 
vacuolated, developed pycnotic nuclei and eventually detached 
from the substrate (Fig. 1b, c). The incidence of spontaneous 
resistance to CAP or EF in these cell lines was below our level of 
detection (<10~°). When CAP* EF* Y-1 cells were incubated 
with CAP’ EF* AMT mitochondria and then challenged in CAP 
or EF for 2 weeks, it was observed that many CAP" colonies, but 
no EF’ colonies, were produced (Fig. 1d, e). (The AMT cells 
were obtained from Dr N. Wivel, NIH, Maryland, and the 
antibiotic stability was as previously described*.) The plating 
efficiency of this cell line was ~ 28% in the condition described. 
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Fig. 1 Mitochondria were obtained by homogenizing AMT (CAP" EF") or 
TL-1 (CAP", EF") cells and removing nuclei and whole cells by low speed 
centrifugation (500g, 5 min). Mitochondria were then pelleted (20,000g, 
20 min) and further purified on a discontinuous sucrose gradient (75,000g, 
30 min), The mitochondria were removed from the 1.0-1.5M sucrose 
interface*; this fraction was found to be free of nuclei and whole cells after 
ultrastructural examination. The DNA content of this fraction, determined 
by reading the absorption at 260nm (e, 1 mg=270.d.), was found to 
average 1-2 ug of DNA recovered from 10° cells. In addition, there was no 
growth when purified mitchondria isolated from 2 x 10° cells were placed in 
culture for 2 weeks (dish a), suggesting that this mitochondrial fraction did 
not contain viable cells. Y-1 cells (EF*, CAP") do not grow when challenged 
with 0.1 ug ml”' EF or 50 ug ml" CAP (b, c, respectively). Cells to be 
transformed were placed in a 98-well dish (3 x 10* cells per well) with purified 
mitochondria. 12 h later the cells were washed and re-plated at 10° cells per 
100 mm dish in medium containing 50 ug mi~' CAP or 0.1 ug ml"! EF. 
After 2 weeks of growth the dishes shown in the figure were fixed in 
methanol/acetic acid (3:1) and Giemsa-stained. Because pH, cell density 
and glucose concentration are important factors in the expression of the 
CAP" phenotype, they were kept the same for all experiments. All cells were 
grown in Dulbecco's modified medium with 1 mg ml”! glucose (with 
pyruvate) and 10% fetal bovine serum in an atmosphere containing 5% 
CO,, pH 7.2. In each of the dishes shown except a, mitochondria (obtained 
from 2 10° cells) were incubated with 3 x 10* wild-type Y-1 cells. Y-1 cells 
incubated with CAP’ EF* AMT mitochondria produced many CAP“ clones 
of Y-1 cells (d). The surviving cells were shown to be Y-1 and not AMT cells 
by their ability to round up and secrete steroids in response to ACTH’. 
Although the AMT mitochondria were able to confer CAP resistance, they 
were unable to confer EF resistance (e). In control experiments, CAP* EF" 
mitochondria obtained from P815 mastocytoma cells were incubated with 
Y-1 cells; these mitochondria were unable to confer either CAP or EF 
resistance (f, i, respectively). If CAP’ EF" TL-1 mitochondria were used. 
both CAP-resistant (g) and EF-resistant (A) Y-1 clones grew. Similar results 
were obtained using PCC, Aza-1 wild-type recipient cells (Table 1). In these 
experients the PCC, cells have a specific nuclear marker (resistance to 
8-azaguanine) allowing positive identification of cell types. 
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However, if the CAP* EF* Y-1 cells were incubated with CAP" 
EF’ TL-1 mitochondria and then challenged with CAP or EF, 
many colonies resistant to both CAP and EF were observed (Fig. 
lg, h). (The TL-1 cells were obtained from G. Getz, University 
of Chicago, Illinois, and the antibiotic stability was as previously 
described’.) The plating efficiency of this cell line was ~30% in 
the cloning conditions described. One possible explanation for 
these results is that antibiotic-resistant cells contaminated the 
mitochondrial preparation and were capable of growing on a 
‘feeder’ layer of recipient cells. However, this possibility was 
excluded by incubating the mitochondrial preparation alone 
(Fig. 1a) and by using recipient cells containing additional 
markers. That the antibiotic-resistant cells were of Y-1 origin 
was demonstrated by treating the cells with 100 milliunits of 
adrenocorticotropic hormone (ACTH) for 30 min’. A mean of 
49 out of 50 CAP” colonies and 47 out of 50 EF" colonies in three 
separate experiments were responsive to ACTH by morpholo- 
gical analysis (rounding up) and fluorimetric analysis (increased 
steroid secretion). This result indicated that the surviving anti- 
biotic-resistant cells were not intact AMT or TL-1 cells, which 
might have contaminated the mitochondrial preparation, since 
the AMT and TL-1 cells were fibroblasts and thus not respon- 
sive to ACTH. Similar results were obtained with the PCC, cell 
line. In these experiments, CAP" and EF" transformed cells were 
demonstrated to be PCC, cells by their resistance to 8- 
azaguanine; a nuclear mutation (HGPRT ) allows the PCC, 
cells, but not AMT or TL-1 cells, to proliferate in the presence of 
8-azaguanine. Mitochondria isolated from antibiotic-sensitive 
(wild-type) P815 cells were unable to confer CAP’ or EF" on 
either Y-1 or PCC, cells (Fig, 1f, i). (P815 cells were obtained 
from W. T. Garrard, University of Texas Health Science Center, 
Texas.) 

The production of mitochondrial transformants was depen- 
dent on the number of mitochondria added to the Y-1 or PCC, 
cells (see Table 1). It was observed that the AMT mitochondria 
conferred resistance to CAP but not to EF on both cell lines 
used, while the TL-1 mitochondria conferred CAP and EF 
resistance with similar frequencies. In control experiments, 
mitochondria obtained from CAP* EF* P815 cells conferred 
neither CAp nor EF resistance. In these experiments we ob- 
served no spontaneous mutants that were able to grow in CAP 
or EF in either the Y-1 or PCC, cells when plated at. 3 x 10° 
cells per 10-cm dish. In addition, even if plated at higher density 
(>10° cells per 10-cm dish), we were unable to isolate any 
spontaneous stable antibiotic-resistant revertants. 

If mitochondria were responsible for the transfer of antibiotic 
resistance, then extracts depleted of mitochondria or UV- 
inactivated mitochondrial preparations should be less efficient in 
transformation. Supernatants from the differential centrifuga- 
tion which contained very few mitochondria (as determined by 
electron microscopy) were ~ 80-fold reduced in their ability to 
transform cells. Exposure of mitochondria to UV light also 
resulted in a reduction in their ability to transform antibiotic- 





Fig. 2 AMT cells were grown in 1 ug ml’ of R123 (Kodak, New 
York) for 30 min before homogenization. The resulting R123- 
stained mitochondria were then incubated with unstained Y-1 cells 
for 2 h before observation by fluorescence microscopy. a, Fluores- 
cence and b, phase-contrast micrograph of the same field of cells. 
About 40% of all Y-1 cells contained varying numbers of 
fluorescent mitochondria. However, there were many cells which 
did not appear to incorporate any R123 mitochondria (arrow), 
Scale bar, 10 um. 
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Table 1 No. of CAP" or EF" clones observed after 2 weeks of growth in antibiotics for varying numbers of mitochondria used in transformation 





No. of antibiotic-resistant colonies (> 50 cells) observed 2 weeks after transformation 


Source of mitochondria AMT (CAP'EF’) 
Antibiotic challenge CAP CAP EF EF 
Recipient cell line Y-1 PCC, Y-1 PCC, 
Mitochondrial equivalents 

0 0 0 0 0 
4x10* 1 0 0 0 
1.5x10° 7 110 0 0 
6x10° 18 318 0 0 
2.5x10° 112 307 0 0 


TL-1 (CAP* EF’) P815 (CAP* EF’) 


CAP CAP EF EF CAP CAP EF EF 
Y-1 PCC, Y-1 PCC, Y-1 PCC, Y-1 PCC, 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
2 49 11 30 0 0 0 0 
31 178 19 157 0 0 0 0 

106 276 143 241 0 0 0 0 





Mitochondria were isolated from the CAP" EF* AMT, CAP” EF" TL-1 and CAP* EF* P815 cell lines and incubated with the CAP? EF Y-1 and 
PCC, cell lines as described in the text. Values are the average number (three experiments) of CAP" or EF’ clones observed after 2 weeks of growth in 
either CAP or EF when varying numbers of mitochondria (1 mitochondrial equivalent = the number of mitochondria recovered from 1 cell) were 
incubated with a constant number (3 x 10*) of Y-1 or PCC, cells. (10° mitochondrial equivalents contain 2.5 ng of DNA.) 


sensitive cells (Table 2 shows the results as average of three 
experiments). A constant number of mitochondria obtained 
from 10° AMT cells were diluted into aliquots, each aliquot 
containing a number of mitochondria equivalent to that 
obtained from 10° cells. These aliquots were then incubated 
with 3 x 10* Y-1 cells. Control mitochondria that had not been 
exposed to UV light were able to confer CAP" at a frequency of 
~1.5x 107°. However, aliquots of mitochondria that had been 
exposed to UV light (Sylvania germicidal UV light (G15T8) ata 
distance of 10cm) showed a much reduced transformation 
frequency. - 

We then tested the stability of antibiotic resistance in the 
mitochondrial transformants. Twelve clones were chosen at 
random (six from CAP’ and six from EF’ colonies) that had been 
grown for 3 weeks in the presence of the antibiotic. These clones 
were transferred to antibiotic-free medium for 2 weeks (12-14 
cell doublings) before being retested with CAP or EF; all 12 
clones retained equal resistance to both antibiotics. The per cent 
of cells retaining their antibiotic resistance and the plating 
efficiencies of the transformed cells were the same as those of the 
parental drug-resistant strains. Furthermore, we maintained 
these clones for over 12 weeks in the presence of the antibiotics 
and all clones were stable in their transformation. There was no 
decrease in plating efficiency between the initial testing and after 
12-14 population doublings in the absence of antibiotics. 

In addition to the antibiotic resistance originally selected, 
other information was transferred in the mitochondrial genome 
to the recipient cells. After incubation of CAP: EF Y-1 cells 
with CAP” EF’ TL-1 mitochondria, one half of the cells were 
plated in dishes containing CAP and the other half in EF. Five 
random clones of CAP” Y-1 cells and six clones of EF" cells were 
isolated and tested for their ability to grow in the reciprocal 
antibiotic. All 11 clones were resitant to both antibiotics. This is 
in agreement with the observations of Wigler et al.°, who 
demonstrated a high incidence of co-transfer of genetic material 
using purified nuclear DNA. The high antibiotic co-transfer 
frequency may result from incorporation of intact mitochondria 
into the recipient cells. This hypothesis was tested by isolating 
mitochondria from cells which had been treated previously with 
rhodamine 123 (R123), a vital dye which specifically stains 
mitochondria’. When R123-stained mitochondria were 
incubated with unstained Y-1 cells, uptake of the stained mito- 
chondria was observed by fluorescence microscopy (Fig. 2). 

If mitochondria were responsible for the stable transfer of 
antibiotic resistance, then mitochondrial transformants could be 





Table 2 UV inactivation of mitochondria 





No. of CAP’ Transformation 
clones frequency 
Control 47 1.5x 107 
30 min UV treatment 17 5.66 X 10 
60 min UV treatment 3 1.00 x 107 


used as antibiotic-resistant donors in cybridization experiments. 
CAP’ and EF’ mitochondrial transformants were enucleated 
using cytochalasin B’ and their cytoplasts fused to CAP* and EF 
Y-1 cells. The rationale for producing cybrids, rather than a 
second generation of mitochondrial transformants, was that 
fewer (5x 105) cells were needed in each experiment. These 
experiments demonstrated that two out of eight clones of trans- 
formants were able, in turn, to transfer antibiotic resistance, 
which indicated that the TL-1 and AMT transforming material 
was incorporated into the cytoplasm. 

Not all cell lines were equally capable of acting as recipients 
for transformation by purified mitochondria. Murine CAP‘ and 
EF” mitochondria were unable to confer either CAP or EF 
resistance on human Lesch Nyhan cells. This result was consis- 
tent with previously published cybrid data’? which demon- 
strated that CAP resistance could not be transferred between 
species. In addition, not all murine cell lines were equally 
capable of transformation. After repeated attempts, we have 
been unsuccessful in conferring either CAP or EF resistance to 
the murine C17-S1-D-T984 cell line, originally derived from a 
teratoma. It is not understood why there is such variability in the 
efficiency of mitochondrial transformation, but the above 
observation is consistent with previous findings which indicated 
that murine cell lines differ widely in their ability to incorporate 
isolated nuclear DNA®. In addition, the C17-S1-D-T984 cell 
line was markedly reduced in R123-labelled mitochondria 
uptake when compared with the Y-1 and PCC, cells, suggesting 
that differences in endocytosis may be important in mitochon- 
drial-mediated transfer of antibiotic resistance. 

Thus, we have used isolated mitochondria to confer CAP and 
EF resistance with high efficiency. There was a high co-transfer 
frequency and transformed cells were stable even in the absence 
of antibiotic selection pressure. After enucleation of mitochon- 
drial transformants, antibiotic resistance was subsequently 
transferred cytoplasmically. These results suggest that either the 
entibiotic resistance was transferred by recombination with the 
recipient cell mitchondrial genome or that the recipient cell 
incorporated intact antibiotic-resistant mitochondria (or both). 
Experiments are now in progress to determine whether isolated 
mitochondrial DNA can also transfer antibiotic resistance. 

We thank Drs Brown, Butow, Cuthbert, Garrard, Martin, 
Reudelhuber and Wright for helpful discussions. This work was 
supported by NIH grants GM-29261, HL00422, and NSF grant 
PCM-8023070 (to J.W.S.). 
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Mitochondrial myopathies are becoming increasingly recog- 
nized as uncommon causes of muscular disorders: characterized 
by weakness and severe exercise intolerance. Electron micro- 
graphs of the muscle show gross abnormality of the mitochon- 
drial structure. Such defects are expected to affect the energy 
metabolism of muscle but investigations in human subjects have 
necessarily been limited by the need for biopsy material. 
Following extensive phosphorus nuclear magnetic resonance 
(P NMR) measurements on isolated organs, tissues and selec- 
ted parts of live animals (see ref. 2 for review), it has become 
possible to observe non-invasively the energy metabolism of 
human muscle in vivo**. Here, we report abnormal recevery of 
phosphocreatine (PCr) and pH after exercise of the forearm in 
two sisters, one of whom has been shown to have a mitochon- 
drial NADH-coenzyme Q reductase deficiency and the other 
presumed to have the same defect on the basis of clinical 
symptoms, histology and biochemical studies of blood consti- 
tuents®, Our results, together with studies on normal subjects 
and patients with impaired glycogen metabolism, allow the 
assessment of the relative importance of oxidative and glycolytic 
regeneration of high-energy phosphates during exercise and 
recovery. 

The results of the clinical, biochemical and histological 
examination of the two patients have been reported previously’. 
Case 1 (L.O.), 28 yr old, was normal at birth but since early 
childhood has been unable to run more than a few paces. 
Muscular weakness has often been accompanied by nausea and 
sickness; the worst attack, which led to her admission and 





> a a Rest 
Fig. 1 °'PNMR spectra of one of the patients (R.O.), taken at 
rest, during exercise and recovery. The signals are assigned as 
follows: 1, 2 and 3, the B,a and y phosphates of ATP: 4, 
phosphocreatine; 5, inorganic phosphate. The inorganic phosphate 
and phosphocreatine signals are shaded for clarity. All spectra 
were accumulated at 32.5 MHz using a train of radiofrequency 
pulses applied at intervals of 2 s; the number of pulses was 128 for 
spectrum a, 32 for spectra b-d, and 64 for spectrum e, Spectrum a 
was recorded at rest immediately before exercise. Spectrum $ was 
recorded during the last minute of aerobic exercise, and spectra c-e 
were recorded during the recovery period at 5, 9.5 and 37 min, 
respectively, after the end of exercise. 
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Fig. 2 Change in PCr concentration (expressed as a ratio to 

PCr + P;) during aerobic exercise. Exercise was carried out by 

opening and closing the fist (L.O. and R.O.) or squeezing a rubber 

bulb to a pressure of 100 mmHg (controls) every 2s for 5 min. 

Controls (five males and five females) were aged 22-37 yr. Values 
are given as +5S.e.m, 
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diagnosis, was precipitated by a small intake of alcohol. On that 
admission she had severe lactic acidosis (17.8 mM). Biopsy 
evidence showed structurally abnormal mitochondria with 
paracrystalline inclusions, and the biochemical studies 
established inability to oxidize NAD-linked substrates, while 
succinate was oxidized normally. 

Case 2(R.O.), 2 yr younger, with a similar medical history and 
more severe exercise intolerance, has a resting lactic acid 
concentration in blood of 4.7-7.9 mM (normal 1 mM). Biopsy 
showed the same histological abnormality of mitochondria as for 
L.O., but no biochemical studies of biopsies were undertaken in 
this patient. She was assumed to have the same metabolic defect 
as patient 1. 

For the “'P NMR examination, a circular radiofrequency 
surface coil of diameter 2.5 cm was positioned adjacent to the 
flexor digitorum superficialis of the right forearm. Five to ten 
minutes after the arm had been placed in the bore of the 
Superconducting magnet, three spectra were collected. This 
procedure took about 10 min, during which time the arm 
remained at rest. The spectra from both patients contained the 
normally observed metabolites inorganic phosphate (P,), PCr 
and ATP (Fig. 1). However, they differed quantitatively from 
the spectra of control subjects obtained at rest in that during the 
10 min, the ratio PCr: P, gradually increased from abnormally 
low values (R.O., 2.3; L.O., 3.5) to nearer norma! values (R.O., 
4.9; L.O., 5.8; normals, 9.3+2.0 (s.d.}, n =21). In R.O. and 
L.O., the intracellular pH at rest, measured from the frequency 
of P, resonance, was 7.04+0.01 and 6.96+0.02 (three 
measurements, +s.d.), respectively, compared with a value of 
7.04 + 0.03 observed for 20 control subjects. 

Light exercise was begun (opening and closing the fist every 
2s for 5 min). Spectra were collected every 75s throughout 
exercise and during 30-40 min of recovery following exercise. 
The patients’ metabolic response to exercise and their 
subsequent recovery were markedly abnormal. During the first 
minute of the very light exercise regime, the concentration of 
PCr decreased and that of P, increased more rapidly than in 
normal controls doing considerably more work (Fig. 2). By the 
second minute of exercise, 65-75% of the PCr had been 
consumed and the pH had fallen to 6.56 (L.O.) and 6.73 (R.O.). 
This change in pH relative to PCr consumption is normal but 
was achieved at much lower work loads than in control subjects. 
No change in the ATP concentration was detected during 
exercise, but with the available signal-to-noise ratio, changes of 
less than 20% would not be detected. 

The most marked abnormality which was observed in both 
patients was the extremely slow return, following exercise, of the 
PCr and P; to their initial concentrations. Normal subjects 
recovered >90% of the resting PCr/ (PCr + P;) in less than 3 
min, while in the two patients this level of recovery was not 
reached until 30 min or more (Fig. 3). Because the recovery 
process is so lengthy, the muscle may not have been at ‘rest’ 
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Fig. 3 Recovery of PCr/(PCr+P;) following exercise. Exercise 
was carried out by opening and closing the fist every 2 s for 5 min 
(R.O. and L.O.), or squeezing a rubber bulb to a pressure of 
100-300 mm Hg every 2s for 7.5-21 min. Resting values of 
PCr/(PCr+P;) were 0.83 (L.O.), 0.84 (R.O.) and 0.9040.01 
(controls, +s.e.m.). Control values were obtained from four female 
and four male subjects aged 22-37 yr. Values are +s.¢.m. 


when the first spectra were obtained, and this may account for 
the low PCr:P, ratio observed before the start of exercise. 
Interestingly, the intracellular pH returned to the original level 
2.5-3.5 min after the cessation of exercise (Fig. 4). The initial 
rate of pH increase was ~ 0.25 pH units min™’. In eight normal 
individuals whose muscle pH in exercise decreased to an 
average value of 6.4, the recovery time was > 9 min and the pH 
change was linear for 9 min, with a rate of 0.07 pH units min™’. 

In patients with glycogen phosphorylase deficiency the re- 
covery of PCr results predominantly from oxidative phos- 
phorylation. In the three such patients that we have investigated, 
the rate of recovery is the same as in contro] subjects’. Thus, we 
conclude that the recovery phase is largely governed by the rate 
of mitochondrial ATP synthesis (t;;2~ 1 min). The slow rate of 
PCr recovery in our two patients is consistent with a decreased 
rate of oxidative metabolism. In patient 1 the rate of oxidation of 
NAD-linked substrates in isolated mitochondria is six to seven 
times slower than in control subjects®. Interestingly, the rate of 
oxidative PCr recovery in vivo is also about six times slower in 
the two patients than in controls. The importance of oxidative 
processes in recovery is confirmed by studies in which four 
control subjects have undergone 1 min of exercise during 
ischaemia followed by 6 min of rest during which ischaemia was 
maintained. At the end of exercise, the PCr decreased to 50% or 
less of the initial value, but there was no detectable recovery of 
PCr during the subsequent 6 min of ischaemia. In addition, the 
pH varied by less than 0.15 pH units in the ischaemic rest 
period. On resumption of blood flow, the metabolic recovery 
was very rapid, the PCr returning to > 90% of its control value 
within 2-5 min. This suggests that glycogenolysis is switched off 
at the end of exercise, possibly because Ca’* ions are taken up by 
the sarcoplasmic reticulum. 
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Fig. 4 Intracellular pH during exercise and recovery in the 
patients. pH was obtained from the chemical shift of P; with 
reference to PCr as described previously”. 


In view of the high blood lactate levels that have been 
observed in one of the patients, the changes in intracellfilar pH 
on exercise are perhaps milder than might have been expected. 
A similar observation has been made in another patient with a 
mitochondrial myopathy’. It is possible that such people have an 
adaptive mechanism for removing intracellular lactate into the 
bloodstream. This would be consistent with the rapid recovery 
of intracellular pH following exercise. 

3P NMR examination of patients with muscle disease offers 
an objective means of assessing therapy. The patients described 
here have in the past received sporadic and largely ineffective 
treatment with menadione. It is now intended to repeat this trial 
of therapy with objective measurement of the response from 
NMR determination of the rate of rephosphorylation of creatine 
to PCr. 

This work was supported by the MRC, the British Heart 
Foundation and the SRC. We thank Miss Judith Harley and Mrs 
Yvonne Green for technical assistance. 
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It is generally accepted that bending of a cilium is caused by 
active sliding between outer doublets in the cilium produced by 
ATP-driven activation of their dynein-tubulin cross-bridges’~’. 
Changes with time in the location and extent of the active sliding 
regions in the outer doublets are thought to be primarily 
responsible for the changing shape of a beating cilium. However, 
using conventional techniques of biochemistry and electron 
microscopy, it is difficult to identify the regions on the outer 
doublets where active sliding occurs’. Here we have used 
computer simulation of the beating of a cilium to investigate 
changes in the distribution of activated cross-bridges, and hence 
of active sliding, in the nine outer doublets. Hereafter, the 
pattern of this distribution will be termed ‘cross-bridge pattern’. 
Published data have indicated that there is a periodically chang- 
ing series of cross-bridge patterns in the nine outer doublets. On 
this assumption, the computer mimicked relatively well the 
beating of a cilium of Paramecium in media of both normal and 
high viscosity. The computer also simulated fiagellar-type beat- 
ing’, in which the cross-bridge patterns were modified slightly. 
We used a ACOS-800 II (Nippon Electric, Tokyo) computer 
for simulation®, and made the following basic assumptions: (1) 
active sliding occurs between adjacent outer doublets’. (2) The 
nth outer doublet drives its adjacent (n + 1)th outer doublet up 
towards the tip when activated’. (3) In given chemical conditions 
within the cilium, the sliding velocity between adjacent doublets 
is constant, independent of the location and extent of the active 
region in a doublet pair®’. (4) In given chemical conditions the 
stiffness of the cilium is almost constant’? and sufficient to 
maintain overall spatial arrangement of the doublets during 
beating. (5) Sliding between the doublets is restrained only at the 
basal region. Therefore, bending of the doublets occurs in the 
region between the base and the actively sliding region’. (6) A 
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region of active sliding between two doublets is not necessarily 
straight, and may be bent by forces generated by sliding between 
another pair of doublets. (7) Bending moment of a cilium 
appears as a vector sum of bending moments generated by 
sliding in each pair of doublets. (8) Elastic backforce exerted by 
a cilium when it is bent is negligible. (9) External viscosity 
restricts ciliary movement according to Stokes’ law, that is, each 
element on a cilium has a viscous resistance proportional to the 
length and velocity of the element. (10) Bending moment of a 
cilium is always balanced by a moment produced by viscous 
resistance during ciliary beating, which causes a drag on the 
beating. (11) No twisting of a cilium occurs around its longi- 
tudinal axis during bending. 

We introduced to the model by trial and error a successively 
changing cross-bridge pattern together with some degree of 
viscosity restriction of the cilium, until it mimicked beating of a 
cilium of Paramecium. Thus we finally estimated a periodic 
change in the cross-bridge pattern corresponding to ciliary 
beating. Figure 1 shows 41 successive changes in the cross- 
bridge pattern (upper part) and the corresponding successive 
changes in the shape of a cilium (lower part) during a single beat 
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Fig. 1 Upper part, com- 
puter-estimated changes 
with time in the dis- 
tribution pattern of the 
actively sliding regions in 
the nine outer doublets of 
a cilium  (cross-bridge 
pattern) in Paramecium 
during a single beat cycle. 
The nine doublets are 
shown schematically in a 
plane as ten vertical lines 
numbered at their bases 
(1, 5 and 9) accordin 
toBradfield—Afzelius'*"", 
Lines 1 and 10 correspond 
to doublet no. 1 (note that 
doublets are arranged 
sequentially about the 
circumference of the 
cilium). Shaded areas 
between the vertical lines 
represent the actively sli- 
ding regions. (Each small 
horizontal line does 
not necessarily indicate 
activated dynein-tubulin 
cross-bridges.) Time in- 
terval between each suc- 
cessive pattern was kept 
constant at 1/41 of the 
period of a single beat 
cycle. Lower part, com- 
puter-simulated change 
in the shape of a cilium of 
Paramecium during a 
single beat cycle. Each 
shape iS simulated 
according to each cross- 
bridge pattern with the 
corresponding number in 
the upper part of the 
figure. Left, side view; 
right, top view. Arrows 
labelled P indecate pos- 
terior end of Paramecium. 
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cycle. There is striking similarity between the simulated and the 
actual beating forms shown in Fig. 2. The active sliding is 
localized in each pair of the doublets (Fig. 1). In a single pair of 
the doublets, the local activation starts at the basal end, travel- 
ling up along the doublets, then disappears at the tip. In the nine 
pairs of doublets, the activation is transmitted from one pair 
clockwise to the adjacent pair (a ->n +1). There is an excep- 
tionally long interval between the start of activation in the 4-5 
pair (pattern no. 37) and that in the 5-6 pair (pattern no. 15). 
This indicates that the cyclic activation of the dynein-tubulin 
cross-bridges originates in the 5-6 pair and terminates at the 4-5 
pair. Initiation of activation in the 5-6 pair corresponds to the 
start of the recovery stroke. Therefore, we propose that in a 
single beat cycle the recovery stroke precedes the effective 
stroke, which is consistent with the observation that when cilia of 
Paramecium are inhibited by Ni’~ ions and stop, they assume a 
position which corresponds to the final position of the effective 
stroke'*"'*, Similarly, a large abfrontal cilium of Mytilus gill 
rests exclusively at the end of the effective stroke'®. 

Our simulated patterns are consistent with the proposal of 
Satir and co-workers’ that activation in the 6-9 doublets 
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Fig.2 Stereoscopic displays of seven successive changes in the shape of a cilium from Paramecium during a single beat cycle. A, C, stereoscopic 
display of computer-simulated beating forms. Each ciliary shape is simulated according to each cross-bridge pattern having corresponding 
numbers encircled in Fig. 1. Those on the left were viewed from just above, and those on the right were viewed 10° from the right. B, D, 
stereophotographs of metal wire models of cilia. Seven pieces of metal wire were shaped and arranged according to Machemer~’*' based on his 
photographs of free-swimming Paramecium, The computer displays (A and C) also follow Machemer's arrangement of the wire models. A, B, 
beating forms in normal solution; C, D, beating forms in viscous medium (viscosity 40 times greater than that of normal solution). Arrows 
labelled ‘ant’ indicate the anterior end of Paramecium. Arrows labelled ‘ES’ indicate the direction in which the cilium points at the end of 
effective stroke. Arrows labelled ‘MW’ indicate the direction of movement of the metachronal wave of cilia. The seven successive ciliary shapes 
are aligned in the direction of the metachronal wave. Time interval between each successive ciliary shape was kept constant at 1/7 of the period of 
a single beat cycle. 


corresponds to the recovery stroke, that in the 1-4 doublets to 
the effective stroke. A long time interval is also observed 
between activation in the 1-2 pair (pattern 23) and that in the 
2-3 pair (pattern 32), although it is shorter than the activation 
time interval between the 4-5 pair and the 5-6 pair. These two 
time intervals in doublet activation observed in our simulated 
patterns, one at the start of the effective stroke and the other at 
the start of the recovery stroke, strongly suggest the presence of 
two switching mechanisms for the activation in a single beat 
cycle of a cilium, as suggested by Wais-Steider and Satir’? based 
on inhibition experiments on mussel gill cilia by vanadate and 
calcium. 

Note that when viscous restriction 40 times larger than that 
used for the simulation of the beating in normal medium was 
introduced into the model, the simulated form was strikingly 
similar to a cilium of Paramecium swimming in a medium of 
viscosity 40 times greater than that of normal medium (compare 
Fig. 2C with D). This strongly supports our idea that computer- 
estimated cross-bridge patterns closely resemble those of an 
actual cilium during beating. Computer-assisted estimation of 
the distribution of the actively sliding regions in a cilium may 
elucidate the molecular mechanisms underlying ciliary move- 
ment. 

Parts of this work were presented at the 2nd IBS Symposium 
on cell motility (held in March 1980 at Okazaki, Japan) and at 
the 53rd annual meeting of the Zoological Society of Japan 
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It has long been suspected that the erythrocytes of patients with 
sickle cell disease gradually shed part of their plasma membrane 
either through a normal ageing process or as a result of repeated 
sickling, and that this membrane loss may be associated with the 
formation of irreversibly sickled cells’. We report here that 
when sickled HbS erythrocytes are unsickled by reoxygenation, 
the cells lose ~2-3% of their lipid as spectrin-free haeomoglo- 
bin-containing spicules in the form of rods and microspheres. 
The rods, which still contain polymerized haemoglobin, even- 
tually degrade to chains of microvesicles having diameters of 
~0.1 um. Similar spicular material has been found in the 
untreated blood of patients with sickle cell disease. 

Blood from patients with homozygous sickle cell disease was 
collected in heparinized tubes; red cells were sedimented at 
2,000 r.p.m. for 5 min and the plasma was retained. Cells were 
washed four times with 10 vol of 0.15MNaCl containing 
10mM HEPES-NaOH buffer pH 7.4, with removal of buffy 
coat. They were resuspended in the same medium to 10% 
haematocrit and deoxygenated by incubation at 37 °C under a 
Nz atmosphere for 1 h. In these conditions, at least 90% of the 
cells showed the characteristic sickled form, with long spicules 
protruding from the cell surfaces (Fig. 1a). Cells were sedi- 
mented at 1,500 r.p.m. for 5 min and after removal of the 
Supernatant, they were resuspended in the same volume of the 
original medium. Reoxygenation and restoration of the original 
diskoid shape of the cells (see Fig. 1d) was achieved by exposure 
to air for 30 min at 37 °C, then the cells were again sedimented at 
1,500 r.p.m. for 5 min. The resulting opalescent supernatant 
was centrifuged at 16,000 r.p.m. for 10 min, giving a small red 
pellet, sometimes overlain by a filmy deposit of ghosts which was 
removed during aspiration of the supernatant. Cell lysis after 
reoxygenation was <1%. The red pellet was resuspended in 
8 ml HEPES-buffered saline, centrifuged at 1,500 r.p.m. for 
5 min to remove any contaminating cells, then sedimented again 
at 16,000 r.p.m. for 10 min. The final red pellet was resuspended 
in 0.5 ml HEPES-buffered saline and samples were taken for 
electron microscopy and polyacrylamide gel electrophoresis and 
for determination of lipid and haemoglobin. 

Light and electron microscopy revealed that this material 
consisted largely of rod-like elements similar in size (up to 
15 pum long) and shape to the spicules seen protruding from the 
Original deoxygenated cells. The material released probably 
corresponded to the distal portions of the spicules on the original 
N,-treated cells, as subsequent exposure of the reoxygenated 
cells to N, yielded cells with less extreme spiculation (Fig. 1%). 
However, in addition to the rod-like elements in the high-speed 
pellet, there were many spherical bodies of ~0.5 um diameter. 
Some of this fraction evidently sedimented at lower speed than 
the rod-like spicules as it was present together with intact cells in 
a low-speed fraction derived from the original high-speed pellet 
(Fig. 1d). In some cases, it appeared that these smal! spherical 
components were still being released from the reoxygenated 
cells (arrows, Fig. 1d). 
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Fig. 1 Electron micrographs of sickle red cells and free spicules. 
a, Sickle cells incubated under N, for 1 h (x1,200). b, Sickle cells 
subjected to three doxygenation—oxygenation cycles, then reincu- 
bated under N, for 1h (x1,200). c, Free spicules isolated after 
reoxygenation of deoxygenated sickle cells (purified fraction 
remaining after removal of fraction shown in d) (x 1,200). d, Low- 
speed (1,500r.p.m.) sediment from crude spicule fraction 
(x1,200). e, Rod-like spicule (x16,000). f, Free spicule after 
incubation of sample c at 20°C for 2 h (x5,000), g, Free spicules 
isolated from plasma of patient P.R. with sickle cell disease. Fresh 
plasma was centrifuged at 16,000 r.p.m. for 10 min. The pellet was 
resuspended, decanted from clumped platelets and centrifuged 
again at 16,000g to give a small red pellet (x 1,200). A, Red cells of 
patient R.E. with a high level (50%) of irreversibly sickled cells 
(x1,200). Specimens were fixed in 2% glutaraldehyde in 0.1 M 
cacodylate buffer pH 7.4 for 1h then washed in buffer several 
times, For negative staining, a drop of the suspension of fixed 
specimen was placed on a carbon-coated copper grid and after 
2 min, excess buffer was removed with filter paper. Samples were 
then stained for 2 min with 1% phosphotungstate, pH 7.0. Excess 
stain was removed with filter paper and the preparation was 
air-dried. All specimens were examined using a JEOL 100CX 
microscope. 


The rod-like forms appeared under the light microscope to be 
rigid structures, suggesting that the sickle haemoglobin present 
within the rods was still in a polymerized form even after 
oxygenation, This interpretation was confirmed by electron 
microscopy of negatively-stained specimens which often showed 
an internal structure resembling a helical continuous filament 
~30 nm thick and of ~120 nm pitch (Fig. 1e). These dimensions 
are consistent with those observed previously for the helical 
polymer of pure haemoglobin S*. After several hours at room 
temperature, it was apparent that the rod-like spicules became 
‘floppy’ and tended to break down into chains of tiny vesicles 
with diameters of ~0.1 um (Fig. 1f). There was then no visible 
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evidence of internal structure, suggesting that the haemoglobin 
had finally depolymerized, perhaps thus allowing membrane 
fusion to occur along the length of the rods. 

When cells were subjected to several cycles of deoxy- 
genation—oxygenation, ~2-3% of the total cell phospholipid 
and 0.2-0.3% of the total haemoglobin were released as free 
spicules (Table 1). Incubation under N, alone released negli- 
gible amounts of material and 80-90% of the release occurred 
after the first reoxygenation. Neither N, treatment nor reoxy- 
genation produced a significant change in cell volume. No 
measurable release was observed from normal (HbA) eryth- 
rocytes which were treated similarly. Release of free spicules 
from sickle erythrocytes was unaffected by incubation in 
medium to which was added either 10mM glucose, 5mM 
iodoacetamide and 1lmM _ deoxyglucose (which reduced 
intracellular ATP to <10% of normal), 1mMCa** or 
1 mM EGTA, or by substitution of autologous plasma for the 
normal HEPES-buffered saline medium. Incubation in the 
presence of protease inhibitors (diisopropylfluorophosphate, 
TLCK) did not alter the production of free spicules. 

Figure 2 and Table 1 demonstrate that the composition of the 
released material resembles that of microvesicles released from 
normal cells aged in vitro*ć or treated with Ca** ionophore’ ”, 
and from sickle cells incubated in vitro with Ca** or EGTA.* No 
reproducible differences in lipid composition were observed 
between the free spicules and the cells themselves. 

The most striking feature of the free spicules was their almost 
complete lack of the membrane cytoskeletal polypeptides spec- 
trin (bands 1, 2), ankyrin (band 2.1), band 4.1 and actin (band 5). 





Fig. 2 Polyacrylamide gel electrophoresis of cell fractions. 
Cytosol (a) and membranes (c) from sickle cells were prepared as 
described previously’. Free spicular material (b) was prepared as 
described in the text. Samples containing ~20 nmol phospholipid 
(membranes and spicules) or 500 pg protein (cytosolic fraction) 
were analysed by polyacrylamide gel electrophoresis on 7.5% 
gels’°. Gels were stained with Coomassie blue. Bands are 
numbered according to the nomenclature of Steck'®, 
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Table 1 Composition of sickle cells and of free spicules e 
Free spicules Free spicules 
produced by from plasma 
reoxygenation (determinations 
or anerobic on two 
Cells cells patients) 
Phospholipid 
(nmol per mg 
haemoglobin) 19+1 (10) 233+43 (12) 179, 210 
Cholesterol 
(mol per mol 
phospholipid 0.70+0.06(29) 0.53+0.14(17) 0.51, 057 
Acetylcholinesterase 
activity 
(umol min~' per 
pmol phospholipid) 4.3+ 1.0 (20) 3.61.2 (6) 3.0, 2.5 





The mean yield of free spicules produced in vitro was 2.3 + 0.4% (5) of the total 
red cell lipid. The yield of spicules in vivo (plasma) was 0.5+0.2% (3) of total red 
cell lipid in a given volume of blood, Results are derived from studies of 12 patients 
and are expressed as mean+s.d. Number of determinations is shown in paren- 
theses. Assays were carried out as in ref. 9. 


This implies that the spicules observed on the cells before 
reoxygenation similarly lacked these cytoskeletal proteins and 
that the spicules were produced by polymerization of HbS 
through gaps in the actin-spectrin framework, causing a hernia- 
tion of the lipid bilayer part of the membrane only. Release of 
the rod-like spicules following reoxygenation may depend on 
the failure of HbS in the spicules to depolymerize (perhaps 
because of its close association with membrane’”"') in condi- 
tions where HbS in the cell body does depolymerize, allowing 
membrane fusion to occur only around the ‘necks’ of the spi- 
cules. 

Loss of spicules from sickle cells may also occur during the 
deoxygenation—oxygenation cycling which occurs naturally in 
vivo, as spicular material similar to that prepared in vitro has 
been found in the untreated plasma of sickle cell patients (Fig. 
1g) but is completely absent from the blood of normal individu- 
als. The composition of this material resembled that of the free 
spicules in vitro (Table 1) and the yield was equivalent to ~0.5% 
of the total red cell lipid in a given volume of blood. 

The clinical significance and eventual fate of the in vivo 
spicules is unknown, but it seems possible that these particles, 
particularly those with rigid rod-like structures, might con- 
tribute to the vaso-occlusive events associated with sickle cell 
disease'*. Loss of spicular material from sickle cells in vivo may 
also contribute to the production of irreversibly sickled cells, 
which appear to have reduced membrane content’? and show 
much less surface spiculation than do reversibly sickled cells** 
(Fig. 1h). Preliminary data suggest that patients with higher 
levels of irreversibly sickled cells also have more free spicules in 
their plasma. 

M.P.W. was the recipient of a Research Travel Grant from the 
Burroughs Wellcome Fund. We thank Professors E. J. Huehns 
and J. M. White for providing samples of blood from their 
patients. We also thank the MRC for supporting this work. 
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In vivo, cells are in intimate contact with an extracellular matrix, 
one of the components of which is collagen; the adhesion of cells 
to collagen in vitro has been extensively studied (for review, see 
ref. 1). In several connective tissue matrices, collagen fibres are 
replaced to a variable extent by elastin fibres which, under the 
electron microscope, appear to be composed of an elastin core 
surrounded by a network of fibrils ~11 nm in diameter, usually 
referred to as the microfibrillin component. These fibrils have 
been implicated, on morphological grounds, in the biosynthesis 
of elastin fibres. A glycoprotein referred to as structural gly- 
coprotein (SGP)’, which has a molecular weight (M,) of 34,000 
and aggregates to form cylindrical tactoids having a uniform 
diameter of 11 nm, has been isolated from bovine ligamentum 
nuchae”. SGP was found to have amine oxidase activity, thus it 
seems to be functionally related to other peptidylysine oxidases 
involved in the biosynthesis of the elastin cross-links**. Here we 
show that SGP acts as a substratum for fibroblasts and other cell 
types with fibronectin mediating the attachment and spreading 
of the cells. These results suggest that SGP may have a role in 
wound healing, morphogenetic movement and development of 
elastic tissues. 

SGP was isolated from ligamentum nuchae as described 
elsewhere’. Briefly, the microfibrils found in elastic tissue were 
dissociated by treatment with 5 M guanidine HCI containing a 
disulphide bond reducing agent*, and purified by preparative gel 
electrophoresis’. In the absence of chaotropic and reducing 
agents, and in the presence of Cu’* ions, the purified SGP 
aggregates as described previously*. We have used this property 
to prepare SGP aggregates for assays of cell adhesion and 
growth in vitro. This was achieved by forming discrete areas of 
aggregated SGP by precipitation on to bacteriological grade 
Petri dishes. The dishes are made of untreated polystyrene with 
negligible surface charge and as already described’ have only a 
limited capacity to support cell adhesion. Using a single Petri 
dish it is therefore possible to compare cell attachment, spread- 
ing and proliferation of cells on an SGP substratum with that on 
areas of untreated polystyrene. 

When an established cell line BHK 21 was subcultured on to 
these Petri dishes, the cells attached and spread rapidly on the 
SGP. In contrast, there was little attachment to the untreated 
polystyrene, and after 6 h no spreading had occurred. Figure 1 
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Fig. 1 Attachment and spreading of cells on SGP. Petri dishes 
containing SGP spots were prepared as follows: purified SGP was 
dissolved under nitrogen in 8M urea containing 3% mercap- 
toethanol. Several 6-1! droplets of this solution were placed on 
bacteriological grade Petri dishes (three or four spots per dish) to 
which were immediately added 6-41 drops of copper sulphate 
solution providing a 400 M excess of Cu’* ions. The Petri dishes 
were dried over P20; in vacuo for 24 h, then washed exhaustively 
with distilled water and finally dried. Confluent cultures of BHK 21 
cells (Flow) were trypsinized (0.05% trypsin/0.02% EDTA; Flow) 
and resuspended at a density of 5 x 10* ml `’ in Ham’s F10 medium 
supplemented with 7.5% newborn calf serum (Flow). Cell suspen- 
sion (10 ml) was poured into each Petri dish containing SGP spots 
and then incubated at 37 °C in a humidified 5% CO, atmosphere. 
At intervals the dishes were examined using an inverted micro- 
scope. The numbers of attached and/or spread cells were counted 
for six random areas of SGP substrata (©) and control polystyrene 
substrata (@). The criteria for spreading are that a cell exhibits 
polarity and the nucleus and nucleoli are clearly visible. Results are 
expressed as the mean+s.d. for the six areas. 


shows the kinetics of attachment and spreading. Cells on the 
SGP areas proliferate and become completely confluent. On the 
untreated areas, some cells eventually assume a fibroblastic 
morphology, but most cells grow as loose clumps’. After 2 days, 
little or no proliferation had occurred on the untreated surfaces. 

We have tested other proteins for activity as substrata. 
Albumin, fibrinogen, y-globulin and ovalbumin do not support 
attachment when they are either dried on to bacteriological 
polystyrene or precipitated with Cu’* or Cu** plus mercap- 
toethanol. The only proteins, apart from SGP, that are 
completely effective as substrata are collagen or fibrin. 
Fibronectin is only partially effective on bacteriological poly- 
styrene; possibly the low surface charge does not allow suitable 
binding of the glycoprotein. 

The technique used for coating bacteriological plastic with 
SGP is only suitable for smaller areas; it cannot be used to coat 
whole Petri dishes. To determine the total number of cells able 
to attach to SGP, bacteriological plastic coated with SGP was cut 
into circles that would just fit into multiwell plates, and these 
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Table 1 Fibronectin mediates cell attachment and spreading on SGP 
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Cells attached 
per cm?’ x 1077 





Tissue 

Native culture 
polystyrene plastic Collagen 
No protein 0 9.8+0.1 3.2+1.7 
Newborn calf serum (1%) 0 9.5+1.6 8.6+1,9 
Fibronectin (25 pg mi™') 0.6+0.4 10.04+1.2 9,442.4 





Cells spread per 
per cm? x10° 
Tissue 
Native culture E 
SGP polystyrene plastic Collagen SGP 

2.0+0.7 0 Q 0 0 
9.3421 0 9.342.2 8.1+0.9 8.9+2,7 
9.6+ 1.8 0 9.8411 8.9+0.9 9.6+1.6 


Fibronectin was prepared from fresh human plasma as described elsewhere'*, but using chaotropic elution buffers'*, BHK cells were suspended as 


described in Fig. 1 legend in Ham’s F10 medium containing 1% newborn 


calf serum or 25 xg ml’ fibronectin, or no protein supplement. Cell 


suspensions were poured into bacteriological grade Petri dishes containing SGP spots and incubated at 37 °C for 4 h. At this time cell attachment and 


spreading on SGP was assessed as described in Fig. 1 legend. 
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were secured in place with Araldite. BHK cell suspensions were 
poured into the multiwells and it was found that >96% of cells 
were able to adhere to the SGP. 

Primary cultures derived from chick embryo also proliferate 
on SGP; Fig. 2a shows a Petri dish fixed and stained at 72 h. The 
SGP spots were clearly visible because of the high cell density in 
these areas. The spots have discrete edges and cells appear to 
remain on the SGP rather than migrate on to areas of untreated 
polystyrene. Harris has previously shown that cells will pref- 
erentially migrate on to areas of suitable charge density. Figure 
2b shows cells at the edge of an SGP spot. 

We have repeated these experiments and found that various 
cell types including 3T3 and a virally transformed derivative, a 
human osteosarcoma cell line, human skin fibroblasts and pri- 
mary cultures derived from neonatal rat all attach to and proli- 
ferate on SGP, but not on untreated polystyrene. Compared 
with established cell lines, primary cell cultures display a more 
fastidious requirement for a suitable substratum. Thus some 
epithelial cells show a specific requirement for collagen type IV’. 
Similarly, myogenic cultures will only differentiate on layers of 
collagen (or gelatin)’; in this case the collagen seems to aid 
alignment of myoblasts before their fusion to form multi- 
nucleate myotubes. We derived cell suspensions from embry- 








Fig. 2 Primary cultures on SGP substrata. Cell suspensions were 
derived from chick embryos as described elsewhere’, and 
suspended at a density of 10° cells ml”' in Ham's F10 medium 
containing 10% fetal calf serum (Flow). Cells were plated in 
bacteriological grade Petri dishes containing SGP spots and 
incubated at 37 °C in a humidified 5% CO, atmosphere. Cultures 
were refed after 24 h, then incubated for a further 48 h. Dishes 
were then rinsed with phosphate-buffered saline, fixed with 3% 
glutaraldehyde and stained with 1% filtered Giemsa. a, SGP spots 
are clearly visible because of the density of cells staining with 
Giemsa. b, Photomicrograph showing cells forming a discrete 
boundary at the edge of a SGP spot. x70. 


onic chicken muscle and plated these on to Petri dishes contain- 
ing discrete spots of SGP. When the cultures were fixed and 
stained 4 days later, cells were found only on the SGP spots. 
Multinucleate myotubes were present but were located only on 
the upper surfaces of other cells, presumably fibroblasts. The 
morphology of these cultures is in marked contrast to contro! 
cultures grown on collagen, where myotubes were found in the 
monolayer. Cultures grown on tissue culture plastic showed few 
myotubes and all cells were present as a monolayer. Myogenic 
cultures consist predominantly of fibroblasts and myoblasts. The 
above results indicate that fibroblasts adhere to SGP but myo- 
blasts cannot. However, fibroblasts synthesize collagen and it is 
to this substrate that the myoblasts adhere and on which they 
subsequently differentiate. This explains why the cultures were 
bilayers rather than monolayers, and why the myotubes were 
found almost exclusively in the upper layer. In contrast to these 
cultures on SGP, both myoblasts and fibroblasts adhere to 
collagen or to tissue culture plastic, and hence in both cases only 
monolayer cultures result. 

Cells require specific proteins for their attachment to a sub- 
stratum. We have investigated the requirement for adhesion to 
SGP using fibronectin prepared from human plasma. Table 1 
shows the attachment and spreading of cells in the presence and 
absence of fibronectin on SGP, collagen and tissue culture or 
bacteriological grade plastic. It is clear that fibronectin is able to 
mediate spreading on SGP surfaces, the concentration of 
fibronectin necessary to promote maximal attachment to SGP or 
to collagen being <1 pg ml~’. However, to achieve maximal 
spreading, according to our criteria, the concentration has to be 
>S pg ml. 

We have demonstrated that the microfibrillary glycoprotein 
referred to as SGP acts as a solid substratum in vitro and 
supports the attachment, spreading and growth of various cell 
types. Certain synthetic agents including tissue culture plastic, 
glass™® and resins™ also have this property. However, SGP is a 
physiological glycoprotein and it is therefore possible that, like 
collagen, and to a lesser extent fibrin, there is a physiological role 
for this adhesive property. We, and others’? have shown that 
other proteins do not act as suitable substrata for cell adhesion 
and growth. The adhesion of cells to SGP is clearly analogous to 
that of the attachment of cells to collagen’, and indeed to 
fibrin'*. In all these cases fibronectin appears to mediate at least 
part of the adhesive process. (This in contrast to the attachment 
of epithelial cells to collagen type IV which is mediated by 
laminin’.) 

Microfibrillary SGP is particularly abundant during fetal 
development”, thus it is possible that SGP may, by providing a 
pathway for morphogenetic movement, play a part in the genesis 
of vascular and other tissues requiring an elastic stroma. During 
wound repair of vascular tissue, SGP may also have a role in 
directing the movement of endothelial fibroblasts. 

It has been suggested that SGP plays a part in the elaboration 
of elastin and we are now investigating the possibility that the 
adhesion of certain fibroblasts to SGP in some way acts as a 
signal for elastin synthesis. 

We thank Mrs Salma Siddiqui and Miss Sheila Griffiths for 
technical assistance. 
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A role for messenger RNA (mRNA) secondary structure in the 
control of translation initiation has been assumed for many 
years’. Strong additional evidence supporting this notion is 
now provided by work on the /amB gene of Escherichia coli, 
which codes for a major outer membrane protein that functions 
both as a receptor for phages A, K-10 and TP1, and as a 
component of the maltose and maltodextrin transport system*”. 
Mutations that affect translation initiation of the lamB mRNA 
have been described previously’. DNA sequence. analysis 
indicated that one such mutation, lamB 701, is located two 
nucleotides promoter-proximal to the /amB Shine~Dalgarno 
sequence. A second mutation, /JamB 708, is located in the sixth 
codon of the /amB gene (see Fig. 1). Schwartz et al. suggested 
that these two point mutations affect translation initiation by 
favouring the formation of a base-paired hairpin structure in the 
lamB transcript which makes the Shine-Dalgarno sequence” 
inaccessible to ribosomes (see Fig. 2). This suggestion was 
genetically testable because it predicted that the translation 
initiation defect caused by either of the two mutations alone 
would be suppressed in a /amB 701-708 double mutant (see 
Fig. 2). Here we demonstrate that the 701 and 708 mutations do 
indeed suppress each other, as predicted by an effect attribut- 
able to mRNA secondary structure. 

The 701-708. double mutant was constructed in vivo by 
homologous recombination within the 26 base pairs (bp) that 
separate the two. mutations. The strategy used in this con- 
struction, described in Fig. 3 legend, involved three steps. First, 
a A transducing phage carrying the /amB-lacZ hybrid gene 
52-4. (refs 12, 13) containing the 701 mutation (Fig. 3a) was 
constructed. This phage was then used to lysogenize a strain 
containing the 708 mutation such that the integrative recom- 
bination event occurred between the sites of the two mutations. 
The last step consisted of curing the prophage, the cured strain 
containing both 701. and 708 cis to an otherwise wild-type lamB 
gene. The eventual double mutation construct (Fig. 3c) was 
verified by DNA sequence analysis using the Maxam—Gilbert 
method'*"'°. 

The effects of 701 and 708, individually and in combination, 
were measured by two independent methods (Table 1). One 
consisted of assaying A receptor protein present in the outer 
membrane of the single and double mutants. The second 
method exploited the availability of lamB-lacZ hybrid genes to 
measure translational activity initiated at the /amB initiation 
codon. 
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Fig. 1 The lamB mRNA Shine-Dalgarno and surrounding 
sequences. The Shine-Dalgarno sequence is underlined. The 
nucleotide changes resulting from the 701 and 708 mutations are 
indicated. The 708 mutation causes an arginine to serine change in 


the sixth codon of the /amB gene. The lamB gene is the promoter- 
distal gene of the maltose-inducible malK-lamB operon. 
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Fig. 2 Possible hairpin structure and corresponding ther- 
modynamic stabilities of lamB mRNA containing a wild-type 
sequence, the 701 mutation, the 708 mutation or the 701-708 
double mutation. The thermodynamic stabilities are calculated 
according to Tinoco ef al“, and are expressed as the free energy 
(AG) of the structure. The two single mutations thermodynamic- 
ally favour the hairpin structure which would be assumed to render 
the Shine-Dalgarno domain inaccessible to ribosomes. The double 
mutation regenerates the wild-type instability of the hairpin and 
should restore accessibility of the ribosome-binding site. The 
Shine-Dalgarno sequence is indicated by a solid line, the lamB 
initiation codon is boxed. 


The effect of the single and double mutations on gene expres- 
sion was first measured by assaying the presence of A receptor 
activity in the outer membrane of cells containing the mutations 
of interest in an otherwise wild-type /amB gene. The mutations 
individually were found to reduce the amount of A receptor to 
approximately equivalent levels—5% and 8% of wild type. 
When combined, the two mutations suppressed each other, but 
only to a limited extent. The double mutation restored only 25% 
of wild-type levels of A receptor activity. 

The effects on translation of the two mutations and the 
combination were also determined by measuring #-galac- 
tosidase activity when these were cis to the 52-4 lamB-lacZ 
fusion. As this fusion codes for a hybrid protein that is located in 
the cytoplasm’*'*, the $-galactosidase activity of strains 
containing the 52-4 fusion is not affected by extracytoplasmic 
localization of the 6-galactosidase enzyme and is a direct 
indication of the efficiency of translation initiating at the begin- 
ning of the JamB gene. In the case of 701 and 708 individually, 
strains containing either one of the two mutant alleles were 
lysogenized with the 52-4 fusion phage containing the cor- 
responding mutation. For the wild-type control, a lamB* strain 
was lysogenized with a wild-type 52-4 fusion phage. In the case 





Table 1 Effect of mutations 701 and 708, individually and combined, 
on lamB expression.: — Bea! 





% A receptor  % B-galactosidase 


activity “activity 
lamB~ 100 100 
lamB 701 . g 4 
lamB 708 S 28 
lamB 701-708 25 8] 


Values are expressed as per cent of wild type. The A receptor value 
indicates the effect of mutation in an otherwise wild-type lamB gene; 
B-galactosidase value indicates effect of mutation when cis to a JamB- 
lacZ hybrid gene. The A receptor activity was assayed as described 
previously’’** with the following modifications. Outer membranes were 
solubilized in 10 mM Tris-HCI pH 7.5, 5 mM EDTA, 3% Triton X-100 
and incubated for 1h at 37°C, Phage A inactivating ability was then 
assayed directly, and 8-galactosidase activity was assayed as described 
elsewhere”. 
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of the double mutation, an appropriate strain was constructed 
(Fig. 4). In contrast to the results obtained by measuring A 
receptor activity, showing a similar effect of 701 and 708 
individually and a low level of suppression in the double mutant, 
B-galactosidase assays indicated that the effects of 701 and 708 
individually are quantitatively different, 708 being significantly 
more leaky than 701. Essentially full suppression is observed in 
the 701-708 double mutant. 

These results indicate three facts. (1) The 701 and 708 
mutations do indeed suppress each other, suggesting that their 
effect is attributable to mRNA secondary structure (see Fig. 2). 
(2) The relative effects of the two mutations on translation 
initiation can be correlated with their effect on the ther- 
modynamic stability of the predicted mRNA secondary struc- 


mal K 701 fam B’ 





Lac (TPEG)* 


P malK tamB’ ‘lacZ ÀA P maik lamB 


K-10 


Z N 
708 e 
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Fig. 3 Construction of the 701-708 double mutant, in vivo, by 
homologous recombination between the 701 and 708 mutations. A 
À transducing phage carrying the 701 mutation recombined into 
the lamB portion of the 52-4 lamB-lacZ gene fusion was first 
constructed. The 52-4 fusion codes for a hybrid protein consisting 
of the NH.-terminal 39 amino acids from LamB (including the 
signal sequence) and a COOH terminus of active #-galac- 
tosidase’”. Expression of B-galactosidase activity by the 52-4 
hybrid gene relies on translation initiated at the lamB initiation 
codon. The 701 and 708 mutations both reduce initiation of 
translation of a /amB transcript such that these confer resistance to 
phage K-10 (K-10") when cis to a wild-type /amB gene or elicit low 
levels of 8-galactosidase activity when cis to a lamB-lacZ fusion. 
To recombine the 701 mutation into the 52-4 hybrid gene, the A 
transducing phage carrying this gene was used to infect a lamB 701 
strain. A phage carrying both the 701 mutation and the fusion was 
subsequently obtained by plating on Lac indicator media and a 
Lac” host, the phage being spontaneously released from the resul- 
tant lysogen. The desired phage was detected by a Lac plaque 
phenotype. a, The transducing phage bearing the 52-4 fusion and 


the 701 mutation was used to infect the 708 mutant. a, b, A Lac” 
phenotype in the presence of 107>M_phenylethyl-6-p- 
thiogalactoside (TPEG) was selected. TPEG, a competitive 
inhibitor of B-galactosidase”’, was required to increase the strin- 
gency of the leaky Lac phenotype conferred by the 701 and 708 
mutations when cis to the 52-4 lamB-lacZ fusion. A Lac” selec- 
tion stipulated integration of the phage such that a wild-type 
sequence was generated cis to the fusion, placing the 701 and 
708 mutations cis to the wild-type /JamB gene. This scheme 
avoided exerting selective pressure on the gene bearing the double 
mutation. Assuming that the K-10 resistant phenotype of either 
one of the single mutants would be suppressed in the double 
mutant, Lac* colonies were picked and screened for sensitivity to 
the phage K-10. K-10° strains were obtained. c, A K-10" Lac” 
lysogen was cured of the prophage. Spontaneous loss of the 
prophage was detected by a Lac phenotype. ‘P’ indicates the 
promoter of the malK-lamB operon. Primes, as in lamB' or lacZ, 
indicate that the DNA for the genetic region referred to is deleted 
on the side the prime is written. 


ture. (3) The phenotype of a strain containing the 708 mutation 
in an otherwise wild-type JamB gene is a superimposition of 
defects in both translation initiation of the JamB message and 
localization of the JamB gene product to the outer membrane. 

The 701-708 double mutation was constructed and placed cis 
to a lamB-lacZ fusion, thereby allowing direct determination of 
the effect of the combined mutations on lamB translation. The 
observed suppression of 701 and 708 by each other argues 
strongly that mRNA conformation does have a role in the effect 
of these two mutations on translation initiation. 

The levels of B- galactosidase activity in strains containing the 
701 and 708 mutations individually cis to a lamB-lacZ fusion 
indicate that whereas the 701 mutation reduces /amB trans- 
lation to 4% of wild type, 708 reduces it to only 28%. This 
difference is consistent with the different predicted ther- 
modynamic stabilities of the /JamB mRNA hairpin structure in 
strains containing one of these mutations (see Fig. 2). Whereas 
the 701 mutation creates a G-C pairing in the hairpin stem, the 
708 mutation creates a less stable U-A pairing. The relatively 
leaky effect of the 708 mutation can therefore be explained by a 
less stable hairpin structure and a consequently more accessible 
ribosome-binding site. This provides additional evidence that 
mRNA conformation can control relative levels of translational 
expression, which is particularly relevant to situations where 
proteins are known to be produced in vastly different amounts 
from a single transcript, such as in the case of the A morpho- 
genetic proteins'*”*. 

The amount of A receptor present in the outer membrane of 
strains containing either the 708 mutation or the 701-708 
double mutation is much less than that predicted by the effect of 
these mutations on translational initiation as measured by B- 
galactosidase assays (see Table 1). This discrepancy can be 
explained by the fact that the 708 mutation has two effects: it not 
only allows base-pairing to occur, thereby affecting translation 
initiation as described above, but it also creates an arginine to 
serine change at the sixth position of the A receptor signal 
sequence. We believe that this alteration of a charged amino 
acid to a neutral residue in the early hydrophilic portion of the 
signal sequence’® reduces localization of the A receptor protein 
to the outer membrane. The amount of A receptor activity in the 
outer membrane therefore reflects a compound effect of the 708 
mutation whereas cytoplasmic -galactosidase activity reflects 
only the effect on translation initiation. The 7 01 mutation, which 
resides outside the JamB structural gene, has a similar effect as 
measured by either -galactosidase or receptor activity. The 
708 alteration in the early hydrophilic portion of the A receptor 
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Fig. 4 Construction of strain for assaying suppression of trans- 
lation initiation defect. a, The A transducing phage carrying the 
52-4 lamB-lacZ fusion containing the 701 mutation was used to 
infect the 701-708 mutant. Lysogens were selected by A immunity. 
b, Integration of the transducing phage such that the double 
mutation was located cis to the lamB-lacZ fusion placed the 701 
mutation cis to the otherwise wild-type lamB gene. The resultant 
strain was resistant to phage K-10, and was detected as such. The 
level of translation initiated at the /amB initiation codon flanked by 
the 701 and 708 mutations was determined by assay of lacZ 
.  expression—- galactosidase activity. 
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signal sequence is a novel type of signal sequence mutation? ??. 
The uhique properties of this signal sequence mutation in 
protein localization are described elsewhere (ref. 23 and 
M.N.H., M.D., J.G. and M.S., in preparation). 
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Prochloron, a symbiont of colonial ascidians, is a unicellular 
prokaryote, containing chlorophylls a and b and lacking 
phycobiliproteins'’, thus differing from all other prokaryotes 
found, and resembling the chloroplasts of Euglenaphyceae, 
Chlorophyceae and those of higher plants in respect of their 
photosynthetic pigments. Some workers in the field of 
endosymbiosis already favour the idea that the green algal 
chloroplasts may have arisen by the uptake of prochlorons as 
symbionts*~*. Partial sequence analysis of 16S ribosomal RNA 
of Prochloron in fact assigns this organism to the cyanobacteria- 
chloroplast line of descent**. However, we report here that a 
comparison of 168 ribosomal RNA sequences detects no 
specific relationship between Prochloron and the chloroplasts of 
the green algae Euglena gracilis and Chlamydomonas rein- 
hardii, nor between Prochloron and the chloroplasts of higher 
plants, represented by Lemna and Zea mays. On the contrary, 
Prochloron shows the highest sequence homology with Nostoc, 
Fischerella, Agmenellum, Aphanocapsa and Synechococcus. 
These results question the significance of Prochloron in the 
current view of the origin of chloroplasts. 

All attempts to date to cultivate Prochloron in the laboratory 
have failed’. To study Prochloron, it is therefore necessary either 
to work with freeze-dried material collected in the field, or to 
isolate the molecule of choice in the field. Because previous 
attempts to isolate 16S rRNA from freeze-dried material were 
unsuccessful, one of us (E.St.) joined the 6th International 
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Prochlorophyta Expedition to Palau, Micronesia. Prochloron 
was isolated from its host animal, Lissoclinum patella, simply by 
squeezing the host colonies, and its identity checked micro- 
scopically and by the photospectroscopic determination of 
chlorophylls a and b in acetone extracts. Samples of Prochloron 
were found to be free of host cells and bacterial contamination, a 
fact proved later by a clean 16S rRNA oligonucleotide finger- 
print. 

The ribonuclease T,-resistant oligonucleotides of Prochloron 
ribosomal 16S RNA were then investigated by the method 
introduced by Woese and collaborators'®. For the isolation of 
the RNA, cells were opened by French Press, the lysate was 
phenolized and the nucleic acids separated by one-dimensional 
polyacrylamide gel electrophoresis. Sequencing involved the 
digestion of the 16S rRNA by RNase T,, dephosphorylation of 
5'-terminated phosphates, in vitro labelling of the oligonucleo- 
tides with [y-" P]ATP and polynucleotide kinase, and resolu- 
tion of the labelled fragments in two dimensions using a 
combination of high-voltage electrophoresis and gradient 
TLC". The sequences of the isolated oligonucleotides (>6 
nucleotides) were determined by controlled alkali cleavage, 
followed by separation of the products by combined high- 
voltage electrophoresis and homochromatography''. Table 1 
shows the oligonucleotides =6 nucleotides long of the Pro- 
chioron 168 rRNA. Also indicated are any oligonucleotides of 
identical sequence found in the catalogues of various cyano- 
bacteria and chloroplasts characterized previously, such as 
Nostoc (strain MAC)®” , Fischerella ambigua®"?, Agmenellum 
quadruplicatum®, Synechococcus strains 63016" and 75026, 
Aphanocapsa strains 6701 and 6714°"*, and the chloroplasts of 
Porphyridium creuntum®'*, Z. mays'®, E. gracilis strain Z6” 
and C. reinhardii strain 11/32-90 (our unpublished data). 

Prochloron 16S rRNA has most oligonucleotides in common 
with Agmenellum (37), Nostoc (34), Fischerella (35) and 
Aphanocapsa (31 with strain 6701 and 32 with strain 6714). 
Prochloron and Syneckococcus strains 7502 and 6301 are found 
to have 26 and 25, respectively, in common. The chloroplasts of 
Porphyridium and Zea have, respectively, 26 and 24 fragments 
in common with Prochioron, while Prochloron shares only 18 and 
16 fragments with the chloroplasts of Chlamydomonas and 
Euglena, respectively. 

The binary matching coefficients (San) give a more detailed 
picture of the overall similarity between the catalogues of two 
organisms, because the total number of common nucleotides in 
all identical fragments is used to calculate relatedness between 
Organisms. Table 2 shows the Sa, values of all pairwise 
comparisons between any two RNAs A and B. Figure 1 is a 
dendrogram of the relationship derived by average linkage 
clustering among the merged groups. Sa, values for Prochloron 
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Fig. 1 Dendrogram of relationship, derived by average linkage 
clustering using a Dice-type similarity coefficient?’ 
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Table 1 Oligonucleotide catalogue of Prochloron 16S rRNA 


ee ae ee ee ET aaa a 


Occurrence in’ 


Oligonucleotide 
sequence = +3 53 
in Prochloron > T e G a 
l 3 3s $ -8 S 
SERBS 
TE w gl gog = v a X 
u § Š S rot tt a ry = È 
S $ S Eg S S 5 = = 8 
SSRRRESEES SE 
z2heaeoetedtanwA nx © 
6-mers 
CCACAG 00000000 0 0 0 
CCAAAG 000000 00 0 0 90 
CACAAG Boy Dd. th Se Eo de 1 
ACACAG 1 0 0 00000 1 1 0 
AAACCG 0100000 00 0 0 
ACAAAG 0 1 1 1 0 100 1 0 0- 
AAAAAG 000709000 00 0 0 
CUAACG `: > 1 1 O 1 1 10 1 1 0 1: 
CAACUG i 1109000009090 0 0 
ACACUG 1 1 1 1 100 1 1Ọ 1 
UAAACG 1 1 1 1 1 1 1 1 1 Q0 1 
AAACUG 0 0 1 1 1 1 1000 1 
UAAAAG 103100310000 0 
UUCCCG 1 1 1 1 1 1 1 1 10 1 
CCUUCG i 1 1010100000 
UACCUG , l '? 1 0O 1 1 1 1 1000 
AUCCUG ' 1 1 1 1 1 1 1.1 1 0 1 
UAAUCG 0 0 1 1 1 1 1 1 1 1 i1 
UUAAAG 1 100 1 101010 
UCUUAG 0 0 0 10 101000 
AUAUUG 00011101000 
UCUUUG 00010000 0 0 0 
CUUUUG 000000000 0 0 
7-mers , 
ACACACG 0000900 0 0 0 10 
AACACAG 1 1 1 1 100000 x1 
ACAACAGt 1 1 1 1 1000000 
CAACUCG 1 1 0 å 1 1 1 0O 1⁄1 0 1 
AAUAAAG 000000 0 0 0 0 0 
UAUCCCG 1 1 1 1 1001 it i 1 
CAUACUG 1 1 1 1009 10000 
UACAAUG 00000000 0 0 0 
UAAUACG 1] 1 1 1 10 1 10 1 0 
AUACUAG 1 1 1 1 1 0 0 1 100 
UACUUAG 0100000 0:0 0 90 
UUAUAAG 0000000 0 0 0 90 
UF¥AACAAG 1 1 1 1 1 1:1 1 1 1 1 


,619 
Occurrence in 
Oligonucleotide REEE 
sequence S ~ 2° 

in Prochloron a Fo < 

: x s 3 8 S 

~ke e238 Š 

Sg S FOOF S 

> ssBsessctes ¥ 

ve 5 § $$ § S$ 6S E535 EF 

SB 6 = Ect & FS RE DS 

S a3 HR &® RES FF PE 

Sumer =~B Cet anaan7n go 
CCACACUG 1 1 1 1 1 O 1 1 1 i ł 
CAAUACCG 1 1 1 1 1 1 0 1 0 1 0 
CAAACUCG 000000 00 0 0 0 
ACAACUCG 0000000 0 00 0 
CACUCUAG. 1 0 0 1 1 1 10000 
AAUCAUUG 00100 0.00 0 0 0 
AUUUAUUG 00000000 0 0 0 

9-mers f 
UACACACCG 1 1 1 1 1 1 1 1 í í 1 
CAACCCUCG 1 1 1 1 1, 0 0O O 1 0 1 
CCUACCAAG 000000 100900 
CCCCUUACG 11101101 0 0 0 
CUAACUCCG 1 1 1 1 1 10 1000 

. :ACUCCUACG 1 1 1 1 1 1 T1 1 10 T 
AUACCCCUG 0 0O 1 1 1 0 1 00ĝûß00 
AAUCCUCCG 000000 000 0 0 
CUCUACUAG -0 0 000000 0 0 0 
AACUCUUCG 0000000 0 0 0 0 
AAUUUUCCG : 1 1 4 1 1 1 1 1 «21 «21 «0 
.UUUAAUUCG 1 1 1 1 10 Tt O 1 i 0 

10-mers ; 

AAACUCAAAG 1 1 1 1 1 1 1 1 1 1 1 
CUAAUACCCG 000i1000 0 0 0 0 
CUAAACUCCG 00000000 00 0 
UACUACAAUG 1131313103100 0 0 
UCAC*ACCAUG 1 1 1 14 1 041001 0 

11-mers . 

' AACCUUACCAG 01000011 1 1 1ů1 
CUUAACACAUG 1 1 1 0 Q 1 1 1 1 1 1 
CCAAUAUUAAG 000000 00 0 0 0 

13-mers i . o! 
UUACCCUAACCCG 00000000 0 0 0 
AAUCUACCUCAAG 00000000 0 0 0 
UAAACCUCUUUUG 00000 0 0 0 0 0, 0 

17-mers i 


ACUCUCAUCAAACCCAG 0 0000.000000 


3’ terminus 
AUCACCUCCUXou a a aaaaaaaoQ0 a 





The table lists the oligonucleotide sequences in the 16S rTRNA`of Prochloron from L. patella and indicates which of these are also present in the 16S RNAs from 
cyanobacteria®!2-' and the 16S chloroplast rRNAs from Porphyridium®**, Euglenać™ , C. reinhardii and Z. mays’®. The catalogues of the 16S rRNA of Lemna and 
Chlamydomonas are unpublished: The position of Lemna chloroplast in the dendrogram of relationship is taken from ref. 8. 1, Sequence present; 0, sequence not present; 
* modified nucleotide. Sequence C, ,sUUACC® is listed as CCCCUUACG,.because the shorter version is more likely to be the accurate one (C. R. Woese, personal 
communication). a, For Sap calculation all 3’ termini (except that of Euglena chloroplast) are treated as identical®. 


+ Listed as AAC, AC, AG by Bonen et al.®. 


and the cyanobacteria Nostoc, Fischerella, Agmenellum and 
Aphanocapsa strains are as high (0.42-0.51) as those found for 
Nostoc and Fischerella on the one hand and Aphanocapsa and 
Agmenellum on the other (0.46-0.50) (Nostoc and Fischerella 
exhibit a high Sap value of 0.69). Synechoccus strains show less 
rRNA sequence homology with Prochloron, and with the other 
cyanobacteria (0.34-0.45). Chloroplasts from Porphyridium, 
Zea and Lemna exhibit similar low Saps values to Prochloron 
(0.31-0.35) (chloroplasts of Lemna and Zea are themselves 
highly related: 0.71)*. Chloroplasts of Euglena and Chlamy- 
domonas show even less RNA homology with Prochloron (0.26 
and 0.23 respectively), having S'as values similar to those found 
for Prochloron, Escherichia coli (0.21)’° and Bacillus subtilis 
(0.24)'8. E7 

The comparative analysis of the 16S ribosomal RNA shows 
Prochloron definitely to be a member of the cyanobacteria— 
chloroplast line of descent. However, as Prochloron does not 
show the-same, low Sap value as all members of this line, it 
cannot be regarded as a direct and independent descendent of 
the ancient cell that gave rise to the line. Furthermore, although 
Prochloron resembles the chloroplasts of green algae and plants 
in respect of pigment’ composition and the topography of the 
thylakoids, it is phylogenetically not specifically related to them, 


this would have resulted in specifically higher Sa, values to the 
chloroplast in question. 

The degree of relatedness found between Prochloron and the 
chloroplast of Lemna and Zea is only remote, while that to the 
chloroplasts of Euglena and Chlamydomonas is even more 
distant (note that the 16S rRNA catalogues of the algal chloro- 
plasts lack some of the universal oligonucleotides found in 
almost all other members of this cluster; (see Table 1). This may 
indicate that these chloroplasts have a ‘fast clock’®, resulting in 
deeper apparent than true branching. A striking example of this 
is seen in the very low Say value between the chloroplasts of 
Euglena and Chlamydomonas (0.16). The inclusion of the 
missing oligonucleotides would raise the’ Sa, values of the 
Euglena and Chlamydomonas chloroplasts to Prochloron, 
Nostoc and relatives (to ~0.30). E Wo 

The high similarity coefficient between Prochloron and the 
cyanobacteria indicates. that, phlogenetically, Prochloron is a 
member of the cyanobacteria. The RNA of Prochloron is more 
similar to that of Nostoc and its relatives than to the RNA of 
Synechococcus strains. The deep branching point of Synecho- 
coccus strain 6301 in the phylogenetic tree is definitely not due 
to.a ‘fast clock’ of its 16S rRNA (C. R. Woese, personal 


communication): 
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Table 2 Binary comparison among the 168 rRNA catalogues 


fii paige Fir erheen aapi ela AVY re hh vem tee ASL refresh venereum COAMA meaa A LLL CLE CRADLE LA RN toto ena aranana etter ef. anA A A a, 
ne: mere Atte mieteren anniina heen a hemere tas ah radnanenpin a 


Organism 1 2 3 4 
1 Prochiloren 256 266 234 
2 Nostoc 0.48 oe 360 268 
3 Fischerella 0.50 0.69 a 253 
4 Aphanocapsa 6714 0.42 0.49 0.46 ~ 
5 Agmenelium 0.51 0.48 0.46 0.37 
6 Aphanocapsa 6701 0.43 0.20 0.46 O52 
7 Synechococcus 6301 0.34 0.36 0.37 0,38 
8 Synechoccus 7502 0.36 0.42 0.38 0.45 
9 Porphyridium (chloroplast) 0.35 0.39 0.39 0.43 

10 Zea (chloroplast) 0,31 0,30 0.32 0.27 

11 Lemna (chloroplast) 0.32 0.29 0.32 0.29 

12 Chlamydomonas (chloroplast) 0.26 0.26 0.28 0.23 

13 Euglena (chloroplast) 0.23 0.245 0.26 0.24 


Triangle above the diagonal: number of bases 


catalogues. Calculations were done as described in ref, 20: only those oligonucleotides which were comprehensively 
similarity coefficients for cyanobacteria and chloroplasts are jower 


to the omission of pentamers in the calculation, 


ad 


b 


275 
253 
245 
314 
0.48 
0.38 
0.42 
0.38 
0,30 
0.31 
0.24 
0.26 


in sequences common to each pair of catalogues (for hexamers and larger). 


peranane 


Organism 

6 7 8 9 10 i} 12 13 
233 199 199 197 168 171 140 130 
264 206 227 216 147 154 136 141 
247 214 207 221 168 171 147 146 
286 226 256 251 148 {61 131 140 
254 218 230 214 160 163 13} 146 

_ 200 207 222 138 157 137 142 
0.34 a 290 171 135 132 139 168 
0.38 0.34 —_ 218 138 139 133 139 
0.39 0.28 0.38 oon 161 168 153 179 
0,26 0.23 0.25 0.29 = 379 143 143 
0.29 0.23 0.25 0.30 0.70 a 140 147 
0.25 0.24 0.24 0.27 0.27 0.26 = 9] 
0.25 0.27 0,24 0.30 0.25 0.26 0.16 — 


Bottom triangle: Sap values for each pair of 
published previously® are used for S, p calculation. Due 
than the published ones’, resulting in lower branching 


points of the evolutionary lines in the dendrogram of relationship (Fig. 1} compared with those published®*. 


It is generally believed that chlorophyll > is an extraordinarily 
conserved molecule. If this is the case, Prochloron actually is the 
direct descendent of the common ancestor of the chloroplasts 
and the cyanobacteria; but it seems that chlorophyll 6 was lost 
more than once in the chloroplast~cyanobacteria line of descent. 
An alternative explanation may be that Prochloron is an offshoot 
of the cyanobacteria that ‘re-invented’ chlorophyll 6 and, as a 
result, could afford to lose its phycobiliproteins. The possibility 
of a co-occurrence of chlorophylls a and b in Cyanophyta, 
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In eukaryotic DNA, 50-90% of the dinucleotide sequence C-G 
is methylated. Most methylated sites are apparently placed at 
fixed locations in the genome and this methylation pattern is 
faithfully inherited from generation to generation’. Holliday 
and Pugh’ and Riggs” have suggested that methyl moieties are 
inherited in a semi-conservative fashion during DNA repli- 
cation, and this model has been confirmed by experiments in 
which methylated DNA was integrated into mouse L-cells 
following DNA -mediated gene transfer*~. For this mechanism 
to operate, two basic requirements must be satisfied: (1) methyl 
moieties must be symmetrically placed on both strands of the 
DNA”™ and (2) the cellular methylase should be specific for the 
hemi-methylated substrate present during DNA replication. 
Here we demonstrate conclusively that the preferred substrate 
in vitro for the mouse ascites DNA methylase is indeed hemi- 
methylated DNA. Furthermore, this enzyme seems to methyl- 
ate exclusively cytosine residues located at the dinucleotide 
C-G. 

The lack of a suitable substrate for the eukaryotic methylase 
has hampered the study of its activity and sequence specificity. 
Preliminary results have suggested that the preferred substrate 
for this enzyme may be hemi-methylated DNA’. To test this 
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together with the resulting taxonomic problems, have already 
been discussed’, 

Our results do not exclude the possibility that the common 
ancestor of chloroplasts and cyanobacteria was a Prochloron- 
type organism, but it seems unlikely that the direct ancestor of 
the Prochloron we investigated played this part. 

We thank Drs Lanna Cheng and Ralph A. Lewin for help in 
collecting and identifying Prochloron, This work was supported 
by the Deutsche Forschungsgemeinschaft. 
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hypothesis we have prepared hemi-methylated ®X DNA in vitro 
using primed repair synthesis with single-stranded PX DNA as 
template in the presence of the nucleotides dATP, dGTP, dTTP 
and 5-methyl-dCTP. The product of this reaction is a covalently 
closed circular duplex PX DNA (RFI) in which the comple- 
mentary strand is methylated at every cytosine residue (all 
Sequences are in the 5’~>3' direction). This hemi-methylated 
molecule is a very efficient substrate for DNA methylation in 
vitro, having an initial rate of methylation 100-fold greater than 
that of either single-stranded or double-stranded ®X DNA 
molecules (Fig. 1). Using excess enzyme, we determined that 
the maximum methylation obtainable for hemi-methylated 
®X DNA is 70 pmol methyl per ug DNA, which is consistent 
with a methylation level of ~100%, assuming that only C-G 
residues, representing 4.5% of the OX dinucleotide content’®, 
undergo modification. 

It has been shown that when hemi-methylated PX DNA is 
inserted into mouse L-cells by DNA-mediated gene transfer, 
only methylation at C-G residues is inherited from generation to 
generation’. This selectivity is presumably determined by the 
enzymatic specificity of the cell methylase. This hypothesis was 
tested by methylating duplex hemi-methylated PX DNA by the 
ascites tumour cell methylase in vitro and analysing the sequence 
specificity of the reaction. Modified nearest-neighbour analy- 
sis’ of in vitro methylated ®X DNA indicated that 95% of the 
C-G residues were indeed modified. However, this technique is 
unsuitable for studying specificity because it detects methyl 
groups on the in vitro synthesized fully methylated complemen- 
tary strand as well as those added onto the viral strand by the 
ascites methylase in vitro. We therefore used the restriction 
enzyme Haelll to develop a method for measuring only those 
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methylations inserted enzymatically. Although HaeIII will not 
cleave hemi-methylated PX DNA, this enzyme does produce 
nicks in the unmethylated strand at its restriction site!*. Thus, 
when hemi-methylated ®X DNA is nick-translated using 
Haelll as the nicking agent, labelled nucleotides are incor- 
porated exclusively into the unmethylated strand. Following 
eukaryotic methylation in vitro, the locations of the enzymatic- 
ally introduced methyl moieties could be determined by nearest- 
neighbour analysis (Fig: 2)'’. This experiment showed that the 
dinucleotide C-G undergoes extensive modification while other 
cytosine-containing sequences are not recognized to any 
appreciable degree by this animal cell enzyme. These results do 
not completely rule out methylation at other sites but indicate 
that in the reaction conditions used, the major site of methyl- 
ation is the sequence C-G. 

The results presented here show conclusively that hemi- 
methylated DNA is the preferred substrate for DNA methyl- 
ation in vitro by the animal cell methylase. This property of the 
enzyme is consistent with the proposed model of methylation 
inheritance whereby methylation occurs on nascent DNA 
immediately following DNA synthesis during replication or 
repair. Assuming specificity for hemi-metbylated sites, this 
mechanism guarantees that the modification will be inherited at 
previously methylated sites, while unmethylated sites will 
remain unmethylated. The process requires the presence of 
symmetrical cytosine residues on both strands of the DNA. In 
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Fig. 1 Substrate specificity of DNA methylase from mouse ascites tumour 
cells. DNA of the bacteriophage ®X174: single-stranded, double-stranded 
(RF) and in vitro synthesized hemi-methylated duplex were prepared as 
previously described’*. The methylase preparation was a partially purified ` 
fraction IJI from mouse ascites tumour cells’. The riethylation reaction was 
carried out at 37°C in a 25 ul volume containing 0.2 mM dithiothreitol, 
10 mM EDTA, 10 mM Tris-HCI (pH 7.9), 30 mM NaC), 15% (v/v) gly- 
cerol, 16 uM S[Me-*H]adenosylmethionine (Amersham, 15 Ci mmol”), 
0.07 pg single-stranded or double-stranded phage DNA or 0.14 ug hemi- 
methylated DNA and enzyme (10 pg protein). The reaction was terminated 
at various times and DNA purified and analysed for the incorporation of 
radioactive methyl moieties as described elsewhere''. This reaction was 
found to be linear for at least 2 h. Using higher levels of enzyme, the reaction 
reached saturation at a level of ~9.5 pmol methyl incorporation. The initial 
rate of methylation, as cafculated from this curve and other experiments, was 
3.7 pmolh™ for hemi-methylated DNA (O), 0.05 pmol h7' for single- 
stranded DNA (O) and 0.03 pmol h“! for double-stranded DNA (A). Note 
that 0.14 ug hemi-methylated DNA corresponds to 0.07 ug of substrate 
available for methylation. The rate of reaction using hemi-methylated DNA 
was also shown to be 100-fold: greater than for other DNA substrates in 
additional experiments using various substrate and enzyme concentrations. 


animal cells symmetry is provided by the dinucleotide sequence 
C-G. Any other cytosine-containing dinucleotide cannot serve 
as a template for methylation because it would lack a methyl- 
atable cvtosine residue in the opposite strand. In fact, as shown 
here, the animal methylase recognizes only the sequence C-G. 
Note that higher plant DNA is methylated at C-X-G residues as 
well as the expected C-G sites’*. This is in keeping with the 
Strand symmetry, of cytosine residues required for methylation 
inheritance. These sites cannot, however, be methylated by the 
animal cell enzyme either in vivo” or in vitro (present study). 
Although >95% of all animal DNA methylation occurs at the 
sequence C-G"", several reports have indicated methylation at 
C-C residues****. In particular, specific MspI (CCGG) sites 
located in the 5’-flanking region of the human -globin genes 
are modified at the external cytosine. These unusual methyl 
moieties also seem to be faithfully inherited by almost all cells 
during cell differentiation’*'°. Although this external cytosine 
of the MspI site does not undergo methylation either in vivo? or 
in vitro (this study), we cannot rule out the possibility that such 
methylation can occur in special conditions either by the cell 
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Fig. 2 Sequence specificity of the ascites DNA methylase. Hemi-methy]- 
ated X174 DNA” (0.3 yg) was incubated with 16 U HaellI (Biolabs) for 
3h at 37°C in a 20 ul incubation mixture as recommended by the enzyme 
manufacturer. The reaction was terminated by incubation for 10 min at 
60°C. This solution of nicked DNA was brought to a volume of 50 pl 
containing 66 mM Tris-HCl pH 7.4, 6.6 mM MgCl,, 10 mM dithiothreitol, 
1 uM of one [a-**P]dNTP (670 Ci mmo!"', NEN) and 50 uM of the other 
three unlabelled dNTPs and incubated with 30 U Escherichia coli DNA 
polymerase I (Biolabs) to replace ~10% of the unmethylated strand. Jn vitro 
methylation was carried out on one half of this DNA for 3h at 37°C in a 
volume of 125 ul containing 10 mM EDTA; 16 uM S[Me-*H]adenosyl- 
methionine, 0.1 wg nick-translated DNA and 35 ul partially purified ascites 
DNA methylase (fraction III, 45 pg protein)'’. The other half of the 
nick-translated DNA sample served as a non-methylated control. Methyl- 
ated and non-methylated DNA were digested to deoxynucleoside 3'- 
monophosphates by micrococcal nuclease and spleen phosphodiesterase and 
the nucleotides separated by TLC as described previously (bottom to top, 1st 
dimension; left to right, 2nd dimension)'*. Autoradiographs of such 
chromatograms are as follows: (1) DNA before enzymatic methylation, 
nick-translated with [a«-**P]dGTP. (2) DNA after enzymatic methyl- 
ation, nick-translated with [a-**P]JdGTP. (3) DNA after enzymatic methyl- 
ation, nick-translated with [a-*?P]dCTP. (4) DNA after enzymatic methyl- 
ation, nick-translated with [a~**P]dTTP. (5) DNA after enzymatic methyl- 
ation, nick-translated with [a-*’P]dATP. Following autoradiography the 
spots were scraped and the amount of radioactivity in each spot was 
determined by scintillation counting. In this experiment, when DNA, after 
enzymatic methylation, was labelled with [a-**P]dGTP, 60% of the cytosine 
was found to be methylated. When DNA was labelled with other radioactive 
nucleotides, less than 0.5% of the cytosine was in 5mC. The ratio of counts 
for all the nucleotides on each TLC plate was found to be consistent with the 
nearest-neighbour frequencies of the @X viral strand’°. In frame 2 the spot 
corresponding to dGMP is seen to be stronger than expected from the 
nearest-neighbour frequencies: This was seen only in the in vitro methylated 
sample labelled with [a-**P]dGTP and seems to be an artefact of the 
preparation and purification of the DNA following methylation, as the ratios 
of intensities of the other spots on this chromatogram are appropriate. 
Abbreviations used: A, dAMP; C, dCMP; T, dTMP; 5mC, 5methyl-dGMP. 
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maintenance enzyme itself or by some other enzymatic activity 
in vivo. 

Whereas most somatic cellular methylation is carried out by a 
maintenance enzyme recognizing hemi-methylated DNA, de 
novo methylation has occasionally been observed in virus- 
transformed cells'’'*. Although the enzyme examined here 
carried out inefficient de novo methylation on double-stranded 
or single-stranded DNA, this same enzyme may operate in vivo 
in special conditions to produce new methylated sites. Recent 
studies have shown that specific genes may be undermethylated 
in certain somatic cells as compared with germ-line DNA'?”°, 
This change presumably occurs during differentiatiation by a 
process of demethylation achieved by DNA replication in 
the absence of concomitant methylation’. Thus, the control of 
the cellular DNA methylase may be an important factor in the 
regulation of gene activity. 

This work was supported by NIH grant GM 20483 and 
Israel-US Binational Science Foundation grant 2333. We 
thank Dr G. Felsenfeld for his gift of Smethyl-dCTP. 
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The integrated DNA copies (proviruses) of RNA tumour virus 
genomes are flanked by long terminal repeat (LTR) sequences, 
which are generated by the duplication of segments present at 
both ends of the viral RNA’. LTRs vary in length from 330 
(ref. 2) to 1,328 (this paper) base pairs (bp). The primary viral 
transcript starts in the left LTR (L-LTR) and terminates in the 
right LTR (R-LTR)*. We have now sequenced both LTRs from 
an inherited (endogenous) mouse mammary tumour virus 
(MMTV) of the GR strain. This provirus, which is one of five 
present in the haploid genome of GR mice*, does not produce 
virus’ and is not identical with the exogenous MMTV of GR 
mice®. The provirus (GR40) could nevertheless be transcribed 
and its transcription hormonally regulated after cloning and 
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transfection into mouse L cells’, The LTRs are identical and 
exhibit the following features: a terminal inverted 6-bp repeat, a 
Goldberg-Hogness (TATAAA) sequence, sequences which 
have been implicated in polyadenylation and the termination of 
transcription, and an open reading frame. The open reading 
frame of the R-LTR starts at the env/LTR junction and encodes 
a 36,700-molecular weight (M,) protein. The open reading 
frame of the L-LTR extends into the adjacent mouse sequence. 
A host sequence of 6 bp at the site of integration into the mouse 
chromosome is directly repeated. 

The MMTV proviral fragment in A clone GR40 is shown 
schematically in Fig. 1a. To sequence the LTRs we adopted the 
strategy described in ref. 8 (Fig. 1b-e). DNA subfragments were 
cloned into pBR322 and a series of staggered deletions made. 
All the deletions extended from a unique restriction enzyme site 
in pBR322. Sequencing from this site resulted in an overlapping 
series of sequences which could then be used to reconstitute that 
of the subcloned fragment. The sequence extending from the 
PstI site at the 5' end of the L-LTR and into the adjacent mouse 
region was obtained in two ways. A PstI restriction fragment 
covering the left junction was end-labelled and sequenced by the 
base modification method’, To confirm the sequence across the 
Pst] site we subcloned Haelll and Alul fragments into the 
single-strand bacteriophage Mi3mp7 (ref. 10) and subjected 
appropriate clones to the chain termination sequencing 
method" 

The LTRs at the ends of the GR40 provirus have the same 
sequence {shown as a single line numbered 1-1328 in Fig. 2). 
The following findings suggest that positions 1 and 1,328 
represent the limits of the proviral LTR. (1) The flanking 
sequences of both LTRs diverge beyond these points. (2) Six 
nucleotides at the ends of the repeated sequence form an 
inverted repeat (underlined at positions 1-6 and 1,323-1,328 in 
Fig. 2). The inverted repeats are the same as those found at the 
termini of other MMTV LTR junctions sequenced'*"®. Inverted 
terminal repeats 3-23 bp long are common to all retroviruses 
insertion sequences (IS elements) and most transposons" In the 
latter cases they are required for integration’. (3) Six nucleo- 
tides in the host DNA adjacent to the LTRs are directly 
repeated (underlined at positions —6 to —1 and 1,329 to 1,334 in 
mouse flanking sequences). Such direct repeats are also a com- 
mon feature among LTRs, IS elements and transposons’, and 
apparently result from the duplication of a 3-6 bp host eis 
during integration’. Integration is also thought to be 
accompanied by the loss of 2 bp from both ends of the linear 
DNA intermediate'*'*'’. In GR40 they can be tentatively 
identified by reference to the internal LTR junctions. The 2 bp 
lost from the 5’ end of the linear DNA would correspond with 
the A-A at positions ~ 1 and —2 of the R-LTR. Similarly the 2 bp 
lost from the 3’ end would correspond with the G-C at positions 
1,329-1,330 of the L-LTR. (4) The proviral DNA sequence left 
of the R-LTR at positions —1 to —9 (dotted in Fig. 2) is identical 
to the corresponding sequence in avian sarcoma virus and 
thought to be part of the site involved in the initiation of 
plus-strand DNA”®. (5) The primer for minus-strand DNA”? is 
tRNA;”. A 16 bp sequence in the proviral DNA right of the 
L-LTR (positions 1,331-1,345, dotted in Fig. 2) matches the 
3'-terminal end of the primer. 

The identical nature of the LTRs of GR40 was not necessarily 
expected. As the endogenous provirus is genetically transmitted 
and silent, there is probably no selection against sequence 
alterations. The identity of the GR40 LTRs, and their ability to 
direct specific and hormonally regulated transcription’, imply 
that its entry into the germ line was a recent event in evolu- 
tionary terms. In contrast, there is a large difference between the 
endogenous sequence presented here and that of an exogenous 
LTR from the C3H mouse”, there being 93 base changes 
between the two. This suggests that the endogenous GR40 
provirus and the exogenous virus of the C3H mouse have 
evolved separately”, 

Several sequences thought to be transcriptional control 
signals are present in the LTRs. A Goldberg—Hogness 
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Fig. 1 a, Restriction map of the insert in recom- - 

binant A phage Charon 4a/GR40'. The solid black kb 1, 2 3 4 5 6 
region represents the provirus with the LTRs shown 
thicker; the rest is mouse flanking DNA. Restriction 
endonuclease sites: Bam, BamHI; B, BglII; C, Clal; 
H, HindIII; P, PstI; RI, EcoRI. The two EcoRI frag- 
ments of the insert were subcloned into pBR322 (not 
shown). b, A 1.4kb PstI fragment contains all but 
11 bp of the L-LTR, and a.2.2 kb BglII fragment 
contains all of the R-LTR. c, These fragments were 
introduced into the PstI and BamHI sites respectively 
of pBR322, in the orientations shown. From the two 
resulting plasmids, pGR15 and pGR7, two sets of 
deletions were produced using the method described 
elsewhere®. Briefly, EcoRI linkers were ligated onto 
pGR15 molecules which had been randomly 
linearized by treatment with DNase I. Digestion with 
EcoRI and size fractionation on a low-gelling 
temperature agarose gel were followed by re-ligation 
and the transformation of Ca?*-treated Escherichia 
coli cells. Deletions in pGR7 were created in an d ae 
analogous way, but using HindIII linkers. d, The LTR P P p’ R 
regions of the two plasmids are shown relative to the À 
EcoRI, Clal and HindIII sites of pBR322. e, The 
deleted DNA is represented by lines which cor- 
respond in size and position to the map in d. Each 
member of a set differs in length by ~100 bp from the 
next. Sequencing by the method of Maxam and Gil- 

. bert? into the LTR from each deletion endpoint 
produced an overlapping series from which the 
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sequence of the whole LTR could then be reconstituted. HindIII digestion of pGR7 followed by 5' end-labelling 
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with [y?P]ATP and T4 polynucleotide kinase 


produces linear molecules labelied at both ends. Subsequent digestion with Cla] cleaves off a 5 bp pBR322 terminal fragment and the mixture of fragments may 
be sequenced directly with no further separation necessary. In the case of pGR15, a terminal 26 bp fragment may be similarly removed by Cial from end-labelled 
EcoRI-digested molecules. As the two sets of deletions enter the LTRs from opposite ends, opposite strands of the LTR are sequenced. The 11 bp missing from 
the 5’ end of the L-LTR were determined by sequencing from the PstI site at map position 1.8 in a. The sequence across the PstI site was confirmed by chain 


termination sequencing’’ using fragments cloned into the single-stranded DNA bacteriophage M13mp7 (ref. 10). 


: à > g 
MOUSE (flanking L-LTR) - - - 5' TAATTATGTGACAAGAAGATTGTCTIT 
> 
MMTV (flanking left end of R-LTR) - - - 5' CCAACCACGATGCGTCCGGCGTAGACC 
-60 -50 


(mouse) ; M L LVL LTR 

TCTGGTCCCATTTATTTTGTGTICTATATGCTICTIGTAC 

ws n - < MPRLEQQ KW NS R ECP TLRR EA AK GL FEF P 
TGCCGCGCCTGCAGCAGAAATGGTTGAACTCCCGAGAGTGTCCTACACT TAGGAGAGAAGCAGCCAAGGGGTIGTTTCCC 


(mtv) e E E etary G R RCCFHNFERSHGYSLLSAALPNNANG 
ATCTTAACGTGCTTCTTTTAAAAAAGAAAAAAGGGGGAAA 10. 20 30 40 50 60 70 80 
< FLF FPS I ’ 
. 730 -20 -10 -1 


TLDOPSACTRMSPSDKO ILILCCKLGIALLCLGELEL G E V'A ¥ 
ACCAAGGACGACCCGTCTGCGTGCACGCGGATGAGCCCATCAGACAAAGACATACTCATTCTCTGCTGCAAACTTGGCATAGCTCTGCTTTGCCTGGGGCTATTGGGGGAAGTTGCGGTT 
vV LS SGADAHVRILGD SLS MSMRQQ LSP M 170 180 190 200 

90 100 110 120 130 140 150 _ 160 


R AR RALTLOS FRNS S ¥ DYNLNAS ENS TF LELLGQGPQePTsS §$ 
CGTGCTCGCAGGGCTCTCACCCTTGATTCTTTTAATAACTCT TCTGTGCAAGAT TACAATCTAAACAAT TCGGAGAACTCGACCTTCCTCCTGGGGCAAGGACCACAGCCAACTICCTCT 
210° _ 220 230 | 240 - 250 < 260 - 270. + 280 ~ 290 300 310 - 320 


YK PHRLCPSEILEIRMLAKNYIFTNKTĪNPIGRLLIHM L R.N E 
TACAAGCCACACCGACTTTGTCCTTCAGAAATAGAAATAAGAATGCTTGCTAAAAATTATATTTTTACCAATAAGACCAATCCAATAGGTCGATTATTAATCATGATGTTAAGAAATGAA 
330 340 350 360 370 380 390 400 410 420 . 430 440 


SLSFESTIFTQIQRLEMGIENRKRRSTSVEEQVQGLRASEL 
ICTITGTCTITTAGCACTATATTTACTCAAATTCAAAGGTTAGAAATGGGAATAGAAAATAGAAAGAGACGCTCAACCTCAGTTGAAGAACAGGTGCAAGGACTAAGGGCCTCAGGCCTA 
450 460 470 480 490 500 510 520 . . 530 540 550 560 


EVYVKRGKRSTLVKIGORWW PGTYRG?PYIYRPTDAPLP YT G 
GAAGTAAAAAGGGGAAAGAGGAGTACGCTTGTCAAAATAGGAGACAGGTGGTGGCAACCAGGGACT TATAGGGGACCTTACATCTACAGACCAACAGACGCCCCGCTACCATATACAGGA 
570 580 590 600 610 620 630 640 650 660 670 680 


RY DLWFORWYVTVR GY L Y¥ LYRSGSLPFRERLARARPPWCOVLTI 
AGATACGATTTAAATTTTGATAGGTGGGTCACAGTCAACGGCTATAAAGTGT TGTACAGATCCCTCCCCTTTCGTGAAAGACTCGCCAGAGCTAGACCTCCTTGGTGTGTGTTAACTCAG 
690 700 710 720 730 - 740 750 760 770 780 790 800 


E E K DOT K YV HD Y I ¥ L GT GM NVWGKIFHYTKEGAVARQLE 
GAAGAAAAAGACGACATAAAACAACAGGTACATGATTATATT TATCTAGGAAC TGGAATGAACGT 7 TGGGGAAAGATTTTTCATTATACCAAGGAGGGGGCAGTGGCTAGACAAT TAGAA 
810 820 - 830 840 850 860 870 880 890 900 910 : 920 


S AODTF GM S$ YNG > 
CACATTICTGCAGATACTITIGGCATGAGCTATAATGGATAACCTT TATGAGCCCAACCTTIGCGG” TCCCAAGGTT TAAGTAAGT.TCAGGGTCACAAACTGT TCT TAAAACAAGGATGIG 
930 940 950 _ 960 970 980 990 1000 ` 1010 1020 1030 1040 


AGACAAGTGGTTTCCTGACTIGGTTTGGTATCAAATGTTTIGATCTAAGCTCTGAGTGTICTATICTCCTATGTTCTTTTGGAACTTATCCAAGTCTYATGTAAATGCTTATGTAAACCA 


1050 1060 1070 1080 1090 1100 «41110 1120 1130 1140 1150 1160 
-------- U3------ g-m- 

TGATATAAAAGAGTGCTGATTTTTTGAGTAAACTTGCAACAGTCCTAACATTCACCTCTCGTGTGITIGIGTCTGTICGCCATCCCGTCTCCGCTCGTCACTTATCCTICACTITCCAGA 

1170 1180 1190 1200 1210 1220 1230 1240 1250 1260 1270 1280 

LTR GCTGGCGCCCGAACAGGGCCCTCGGATA 3' - - - MMTV (flanking right end of L-LTR) 


GGGTCCCCCCGCAGACCCCGGTGACCCTCAGGTCAGCCGACTGCGGCA 

1290 1300 1310 < 1320 z 
i TIGTACCTTAATGTCCATCTCTTTATTA 3' - - - MOUSE (flanking R-LTR) 
1330 1340 1350 


Fig. 2 The identical nucleotide 
sequences of the GR40 LTRs are 
written as a single line numbered 
1-1,328. L-LTR flanking regions are 
presented above those of the R- 
LTR. Sequences left of the LTRs are 
numbered negatively. Amino acid 
sequences generated by the open 
reading frames are given in the 


. single-letter code. The orf sequence, 


and its alternative N-terminal 
peptide, are written above the cor- 
responding nucleotides. The trans- 
lation of the reading frame in the 
opposite strand is shown below the 
appropriate DNA sequence. Stop 
codons flanking open reading frames 
are indicated by arrow heads point- 
ing in the direction in which they are 
to be read. Underlined sequences 
dre referred to in the text. U3, R 
and U5 represent the unique 3’ 
terminally repeated and unique 5 
sequences of MMTV genomic RNA 
respectively; the corresponding 
proviral regions are delimited by 
vertical lines. The R sequence is 
defined at its left and right ends by 
the positions at which transcription 
starts and stops. Nucleotides asso- 


‘ ciated with the initiation of synthesis 
of the plus and minus DNA strands 


are marked by dots. 
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(TATAAA) sequence™ is present at positions 1,164-1,169. 
The MMTV mRNA cap site is probably at position 1,196 (ref. 
10 and our unpublished $, mapping data). Direct sequencing of 
the viral RNA” shows that its 3’ end corresponds with position 
1,206. The sequence AGTAAA, an analogue of the sequence 
AATAAA which may be a signal for polyadenylation’®, is 
present (underlined at positions 1,187-1,192) 17 bp upstream 
from this site. Another sequence associated with transcription 
termination, TTTG”’, is present (underlined at positions 1,225- 
1,228) 20 bp downstream from the 3’ end of the viral RNA, and 
flanked by alternating T and G residues. 

The LTR sequence possesses an open reading frame, in the 
direction of viral transcription, with coding potential for a basic 
36,700-M, protein. A similar open reading frame has been 
found in the exogenous MMTV LTR of the GR mouse (N, Fasel, 
K. Pearson, E. Buetti and H. Diggelmann, personal com- 
munication), and in the exogenous and endogenous MMTV 
LTRs of the C3H mouse**, Dickson and co-workers’? have 
described the synthesis in vitro of a 36,000-M, protein (orf) from 
templates containing LTR sequences. In addition, an open 
reading frame for a 6,600-M, protein exists in the opposite 
strand, extending from position 160 to —20 in the MMTV env 
region, to ~14 in the mouse flanking sequence, or, when read 
from the circular DNA intermediate, to 1,316 in the R-LTR. 

An interesting feature of the orf open reading frame is that the 
first AUG codon is composed of an A, which is the last nucleo- 
tide of the env region, and a T-G representing the first two 
nucleotides of the R-LTR. At the 5’ end of the provirus, 
integration has replaced the A with a C in the AUG codon, 
thereby creating a CUG (lysine) codon. Another start codon, in 
phase with the open reading frame, occurs by chance in the 
mouse DNA at positions —11 to -13. Note that in both cases the 
open reading frame is preceded by a stop codon in phase. 
Furthermore the open reading frame is contained within the 
unique 3’ sequence of the genomic RNA, and ends at position 
959, well before the 3’ end of the RNA at position 1,206. 

The corresponding RNAs for these hypothetical proteins 
have not yet been found. Rightward transcription of the 
integrated L-LTR would have to start in the flanking mouse 
sequence. Transcription of the R-LTR might start from an 
internal promoter or from the L-LTR. A further possibility is 
that orf mRNA is transcribed from the L-LTR in circular DNA 
intermediates containing two copies of the LTR in tandem*!. In 
this configuration the GC which we suppose to be present at the 
3’ end of the linear DNA intermediate would be juxtaposed with 
the A-A at its 5’ end’*, resulting in the AUG codon at the 
beginning of the L-LTR being retained and its orf coding region 
brought under the influence of the R-LTR promoter. No AUG 
codons intervene between the R-LTR Goldberg-Hogness 
(TATAAA) sequence and the appended L-LTR orf coding 
sequence. Transcription in this case would generate an orf 
mRNA of unit LTR length. 

The extra length of the LTR of MMTV as compared with 
other retroviruses can be accounted for by the open reading 
frame. Whether this difference is associated with another special 
feature of MMTV-—its hormonally mediated transcription— 
may be answered by testing after transfection’ the biological 
properties of the deletion mutants described here. 

We thank R. Staden for computer programs used in DNA 
sequence analysis. 
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The paternal or maternal mammalian X chromosome is 
inactivated (‘lyonization’) at random early in the development 
of the female embryo'’. Once established, the inactivation of 
the chromosome is maintained in the cell and in all its descen- 
dants. However, spontaneous local reactivation of the inactive X 
chromosome is found at low frequency in human-mouse hybrid 
cells**, So far only the X, locus*® and the locus for microsomal 
steroid sulphatase (sts)’ (both assigned to the short arm of the X 
chromosome), have been shown to escape inactivation. The 
locus for hypoxanthine phosphoribosyitransferase (Aprt) is 
susceptible to inactivation’ and humans heterozygous for HPRT 
deficiency (the Lesch-Nyhan syndrome, L-N)°, show a mosaic 
pattern of HPRT activity in their cultured fibroblasts®. To 
investigate the molecular basis of X inactivation, we have used 
DNA isolated from each of the two subpopulations of a L-N 
heterozygote, to transform cultured HPRT-deficient mouse 
fibroblasts. Transformation of the mouse cells with the 
inactivated human Aprt* gene occurred with essentially the 
same efficiency as with the active human Aprt* gene. Thus, 
reactivation of the lyonized human hprt locus is possible after 
interspecific DNA-mediated gene transfer. 

To obtain sufficient cells of only the HPRT* or only the 
HPRT subpopulation, primary fibroblasts of the L-—N 
heterozygote (cell strain 79RD19) were transformed using the 
ort” simian virus 40 (SV40) mutant originally isolated by 
Gluzman et al." and various of these transformed clones were 
tested for HPRT expression. One HPRT™ clone, SV1 (the 
inactivated X chromosome carries the Aprt* allele) and one 
HPRT" clone, SV3 (the active X chromosome carries the hprt* 
allele) were expanded for DNA isolation. Immediately before 
collection, the cells were checked again for HPRT* or HPRT~ 
phenotype by measuring “H-hypoxanthine incorporation and 
also by a growth test in two selective media. Cells (107) of each 
clonal cell line were plated in medium selecting either for 
(hypoxanthine-aminopterin-thymidine (HAT) medium'') or 
against (medium containing 6 pg ml”! 6-thioguanine, 6-TG) the 
expression of HPRT in the cells. Cells having a phenotype which 
differed from that expected were not observed in either test. 
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Table 1 Transformation of LTH1 and LTK with HeLa, SV1 and SV3 DNA 














LTH1 LTK 
Selection for HPRT™ Selection for TK” 
Plates with Plates with 
clones/ total Transfer clones/ total Transfer 
DNA donor plates No. of clones frequency plates No. of clones frequency 
No DNA 0/25 0) 0/7 0 0 
HeLa 5/15 7 0.2x10°° 4/4 18 2x10~° 
Sv1 6/10 11 0.5x 10° 3/3 26 4.5x10° 
SV3 9/10 21 1x10°° 3/3 17 3x10 


DNA was isolated using a modification of a previously described method*”. DNA-calcium phosphate precipitate was produced by slowly adding 
DNA, dissolved at 40 ug ml! in 10 mM Tris-HCI pH 7.6, 1 mM EDTA, 250 mM CaCl, to an equal volume of HEBS buffer’ ’, with agitation. After 
30-45 min, 1 ml of the fine precipitate was added to the medium over 2x 10° cells in a 10-cm cell culture dish. Control dishes received calcium 
phosphate precipitate without DNA. Post-treatment with 10% dimethyl sulphoxide?” was given 3.5-4h after addition of precipitate. Selective 
medium (LTH1, HAS medium'*; LTK , HAT medium'’) was added 24 h later and changed initially every second or third day, later every fifth to 
seventh day. Clones appeared after 2-4 weeks and were isolated using glass cloning cylinders. The plates were then fixed and stained to detect other 
clones. The medium used in all cell culture procedures was a 1:1 mixture of Ham's F10 and Dulbecco's minimal essential medium (MEM; Flow) 
containing 5% fetal and 5% newborn calf serum and antibiotics, gassed with 5% CO3. 


Furthermore, the presence of an inactive X chromosome was 
verified in these cell lines by staining the Barr body in interphase 
nuclei (Fig. 1). 

DNA isolated from SV 1 or SV3 was used to transform mouse 
LTH1 cells. LTH1 is an HPRT-deficient subline of LTK” (ref. 
12), which we have isolated after selection for a spontaneous 
mutant by culturing in 6-TG medium. Reversion of LTH1 to an 
HPRT™ phenotype was <2 x 10° when tested by culturing cells 
in medium containing hypoxanthine as the exogenous purine 
source and azaserine to block the de novo biosynthesis of 
purines (HAS medium'*). We have tested HPRT-deficient cell 
lines of different origins in transformation experiments with 
human HeLa DNA and found the highest transformation 
frequency of the HPRT™ phenotype using LTH1 cells as DNA 
recipients (our unpublished results). The results of DNA-medi- 
ated gene transfer of the Aprt locus into LTH1 cells are shown in 
Table 1. For comparison, we also selected for transfer of the 
thymidine kinase (fk) locus into LTK cells using the same 
DNA-calcium phosphate precipitates. 

The Aprt gene was transformed by SV1 DNA at a frequency 
intermediate between those obtained using HeLa and SV3 
DNA. In addition, the transformation frequency of the rk locus 
inSV1 DNA was not significantly different from the frequencies 
obtained with the other DNAs used although for each DNA, 
transfer of the Aprt locus into LTH1 cells occurred at a lower 
frequency than transfer of the fk locus into LTK cells. 
Evidently there were no significant differences in transformation 
capacity between the different DNA preparations for either the 
tk or hprt locus. From LTH 1 cells treated with HeLa, SV1 and 





Fig. 1 Barr body in SV1 cells. After fixation in methanol/acetic 

acid (3: 1) the cells, grown on coverslips, were air-dried and stained 

for 10 min in a 0.5% atebrin solution in methanol. After rinsing 

and mounting in 0.07 M phosphate buffer pH 6.5, the cells were 

examined by fluorescence microscopy and photographed. The Barr 
body is indicated by an arrow. 


HPRT +) 





LTH1 LTK” mix SV3 SV1 14 13a 12 11 


33a 32a 15 


Fig. 2 Cellogel electrophoresis of HPRT. Cell lysates were 
produced by sonication and electrophoresis was carried out 
according to Meera Khan’*. Enzyme activity was visualized by 
incubation with ‘“C-hypoxanthine and autoradiography. For an 
explanation of SV1, SV3, LTH1 and LTK , see text. Clones 12, 
13a, 14 and 15 are independent transformant clones isolated after 
treatment of LTH1 cells with SV1 DNA. Clone 11 appears to be a 
revertant. Clones 32a and 33a are independent clones isolated 
after treatment of LTH1 cells with SV3 DNA. Mix is an artificial 
mixture of extract from LTK and SV3 cells. 


SV3 DNA, respectively, 2, 9 and 15 transformed clones were 
isolated. 

In a number of independent transformed cell lines isolated 
from different culture dishes, we identified the HPRT and 
glucose-6-phosphate dehydrogenase (G-6-PD) activities by 
electrophoresis on Cellogel'*’” (Table 2). Figure 2 shows the 
electrophoretic mobility of human (SV3) and murine (LTK ) 
HPRT. In extracts of SV1 and LTH1 cells, HPRT was not 
detectable, while in transformants isolated from LTH1 cells 
treated with SV1 DNA, human HPRT was synthesized. One cell 
line (clone 11) showed HPRT of murine electrophoretic mobil- 
ity and was assumed to be a revertant. In all the transformants 
tested, only the murine G-6-PD was present. 

The results are most readily explained by a reactivation of the 
lyonized Aprt locus after interspecific DNA transformation. A 
simple reversion of the hprt mutation on the active X 
chromosome in the donor strain SV1 appears unlikely because 
of the equal transformation frequencies obtained with DNA 
isolated from SV1 and SV3, and from results of the tests 
performed on the cells immediately before DNA isolation. An 
alternative explanation is that in the cells of the particular L-N 
heterozygote used, the HPRT deficiency was not due to a 
mutation in the structural gene for HPRT, but due to a defect in 
some other function necessary for expression of the gene. This 
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Table? Identification of HPRT and G-6-PD activities in cell lysates of 
independent transformant clones 





Electrophoretic mobility of 


Transformant HPRT G-6-PD 


95.1-1 
95.1~2 
SV1 96.1-11 
96.1-12 
96.1~13a 
96.1-14 
96.1~15 
SV3 96.1~31a 
96.1~32a 
96.1-33a 
96.1~34 
96.1-36 


DNA donor 
HeLa 


eed ome oie oye se oe sa ome om qe nges 
SIII 





H represents human, M murine electrophoretic mobility. 


would render the SV 1 cells phenotypically HPRT despite their 
having an intact Aprt gene on the active X chromosome. As SV1 
and SV3 are two cell lines originally of identical genotype apart 
from the inactivated X chromosome, such a function would need 
to be susceptible to lyonization to account for the observed 
mosaic HPRT expression, and our results would then indicate 
that LTH1 cells can provide this function. 

If SV1 cells carry an intact structural gene for HPRT on the 
active X chromosome and LTH1 cells provide a function neces- 
sary for expression of the gene, it should be possible to restore 
HPRT activity by fusion of the two cell lines. After pre-labelling 
the cells with latex beads of different sizes'®, we fused SV1 cells 
with LTH] cells and looked for HPRT activity in heterokaryons 
by incubation in the presence of *H-hypoxanthine immediately, 
and 1,2 or 3 days after fusion. At each time point we examined at 
least 1,000 heterokaryons having 2-10 nuclei per cell, but found 
no restoration of HPRT activity. It is thus highly unlikely that 
SV1 cells have an active X chromosome carrying an intact 
structural gene for HPRT which can become expressed in LTH1 
cells as a result of some murine function. These results agree 
with data reported elsewhere'”’* which suggest that in cells 
obtained from L-N patients, the mutation has affected the 
structural gene for HPRT. 

Several mechanisms proposed for X inactivation agree with 
our results. (1) Taking the human X chromosome to be 2 x 10° 
kilobase pairs (kbp) (1/23 of the haploid genome) and the 
average length of the isolated DNA molecules to be 100 kbp 
(estimated by agarose gel electrophoresis), one isolated DNA 
molecule could represent, on average, only 0.05% of the X 
chromosome. If there are one or a few ‘inactivation centres? 
from which inactivation of the X chromosome is maintained, our 
procedure could have caused an uncoupling of such a centre 
from the Aprt locus, resulting in expression of the gene. (2) 
Recently, evidence has been obtained that DNA methylation 
could be involved in X-chromosome inactivation’’. Also, almost 
total, random methylation of a DNA sequence inhibits the 
expression of that sequence after DNA transformation”’. We 
have shown here that the Aprt locus, kept inactive in human cells, 
can be efficiently expressed in rodent cells. Taken together, 
these findings indicate that the inactive state of the X 
chromosome is maintained by a species-specific methylation 
pattern, the human pattern not being recognized as a lyonization 
signal in the rodent cells. In this respect, it is interesting that 
Liskay and Evans” have not found reactivation in experiments 
similar to ours, but they performed transfers between rodent 
cells only. (3) As purified DNA was used in our experiments it is 
possible that the inactivated state is maintained by non-DNA 
components of the X chromosome”. 

Our results do not support models based on differences in 
DNA base sequence being responsible for lyonization***. 

The system using the two L-N heterozygote subpopulations 
as a source of active and inactive X-chromosomal material 


should enable us to investigate further the possibilities of X- 
chromosome reactivation, for example after chromosome- 
mediated gene transfer, or in intraspecific transfer experiments. 
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The 4,957-base pair (bp) transposon Tn3 encodes three poly- 
peptides, two of which are needed for normal inter-replicon 


transposition and one, B-lactamase, which is responsible for the @ 


transposon’s ampicillin resistance (Ap’)'?. The closely related 
transposon Tn/ specifies three interchangeable polypeptides of 
identical function. The 1,015-amino acid tpA protein is essen- 
tial for transposition, whereas the 185-residue mpR protein 
regulates the rate of transposition’* and is required for the 
generation of normal end products of inter-replicon trans- 
position®*. Here we report the inter-replicon transposition 
properties of inpA™ tnpR™ derivatives of both Tn and Tn3. We 
show that the mpA product is sufficient to generate a trans- 
positional co-integrate intermediate in. which the donor and 
recipient replicons become fused between two directly repeated 
copies of the transposon. In the absence or presence of mpA 
product, such co-integrates are efficiently converted to normal 
transposition end products in the presence of npR protein. Two __. 
amber mutants selected because of their derepressed mpR- ~¢ 
mediated control of transposition are also unable to resolve _ 
co-integrate intermediates in a Sup° (suppressor minus) back- 
ground. For each mutant, both mutant phenotypes are sup- 
pressed by SupD and SupE but not by SupF, confirming that the 
fnpR coding sequence specifies a single protein having both 
functions. 





ooe hia URL A I i ht 


0028-0836 /82/070626—03 501 00 


© 1982 Macmillan Journals Ltd 


Nature Vol. 295 18 February 1982 





To test whether tnpA and mpR products act independently, 
we constructed tnpA” tnpR derivatives of both Tn/ and Tn3 
(Tn1031 and Tn3651 respectively). The structures of the 
parental plasmids and their deleted derivatives are indicated in 
Fig. 1. Note that both npA” tnpR` derivatives retain the trans- 
poson ends and the internal site (res) at which tnpR-mediated 
site-specific recombination occurs during resolution of trans- 
positional co-integrates”’. Therefore provision of both mpA 
and inpR proteins in trans by complementation should allow 
normal transposition of these transposons. Similarly, provision 
of these gene products separately should allow their individual 
roles in transposition to be determined. 

Our inter-replicon transposition assay depends on the fact 
that the multicopy plasmids pMB9 (tetracycline resistant, Tc)" 
and pACYC184 (Tc and chloramphenicol resistant, Cm‘)” are 
not mobilized during conjugation promoted by the JncW con- 
jugative plasmid R388 (trimethoprim resistant; Tp’)'’. Trans- 
position from transposon-containing derivatives of pMB9 and 
pACYC184 into non-essential regions of R388 can be simply 
assayed by crossing out the R388 plasmids and assaying the 
fraction that contains the transposon. Table 1 summarizes the 
data from such experiments. tnpA’ derivatives of either Tn/ or 
Tn3 fail to complement transposition of the tnpA` tnpR 
transposons. In the absence of npR protein, provision of either 
Tn/ or Tn3 mpA protein results in a high frequency of trans- 
position and a similar high frequency of co-integrate formation. 
When individual R388::Tn365] transconjugant clones were 
examined, 98% were found to contain the donor plasmid 
marker. Thus ‘pA protein results in the generation of stable 
co-integrates as the sole transposition product (Fig. 1C). The 
structures of these co-integrates were confirmed by both 
restriction enzyme digestion (Fig. 2) and their resolution 
patterns (Fig. 3), and are in agreement with the co-integrate 
structures reported previously’’’. In the presence of both npA 
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Fig. 1 Construction of tnpA` tnpR` derivatives of Tn1 and Tn3. 
A, Map of pACYC184::Tn3 and its deleted derivative 
pACYC184::Tn365. The deletion in mpA is indicated by a thick 
black bar. pACYC184::Tn3651 (tnpA” tnpR ) was constructed 
by inserting a 1,150-bp BglII fragment from plasmid F (a gift from 
Dr R. Thompson) into the BamHI site of the tnpR gene. B, Map of 
pMB9::Tni and its deleted derivative pMB9::Tn/03. The 
deletion in żnpR and the B-lactamase gene (bla) is indicated by a 
thick black bar. A Tn/ tnpA” tnpR derivative (pMB9:: Tn 1031) 
was constructed from pMB9 : : Tn 103 by deleting the Ps¢l fragment 
within the mpA gene. In this plasmid, expression of Te’ is under 
tnpR gehe control and is coordinately expressed with npA protein; 
that is, this plasmid confers Tc‘ in a mpR™ cell but Tc" in a mpR”™ 
cell. R, EcoRI site; B, BamHI site; H, HindIII site; P,Psf site. oriV 
indicates origin of plasmid replication. Thick vertical bars indicate 
transposon boundaries; res (resolution site) indicates the site of 
action of mpR. Divergent transcription from the res region is 
indicated in Fig. 1B. C, transposition pathway of Tn//3. Circle, 
donor replicon; rectangle, recipient replicon; [>], transposon. 
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Fig. 2 Restriction analysis of a R388 ::TN3651:: pACYC184 co-integrate. A, BamHI restriction map of the R388 :: Tn3651:: pACYC184 
co-integrate (44 kilobases) and BamHI digests of: a, R388::Tn3651::pACYC184 DNA; b, R388::Tn3651 DNA; c, R388 DNA; d, 
ACI857Sam7 DNA. B, PstI restriction map of the R388::Tn3651::pACYC184 co-integrate and PstI digests of: e, pACY184::Tn3651 
DNA; f, R388::Tn3651::pACYC184 DNA; g, R388::Tn3651 DNA, h, R388 DNA. C, BamHI and Pstl restriction map of the 


R388 ::Tn3651::pACYC184  co-integrate and 


BamHI-Psitl double 


digests of: j pACYC184::Tn3651 DNA; k, 


R388 ::Tn3651::pACYC184 DNA; |, R388::Tn3651 DNA; m, R388 DNA. Track i, ACI857Sam7 DNA digested with HindIII. 

R388 ::Tn3651 was derived from the R388::Tn3651 ::pACYC184 co-integrate by recombination across the two copies of Tn365/. It has a 

single copy of Tn3651 and no pACYC184 sequences. Digestion with BamHI produces the novel Bi fragment. W, Tn365/ sequences; (I, 
pACYC184 sequences; O, R388 sequences; M, BamHI site; b, PstI site. 





62 
Fig. 3 Resolution of a co-integrate 
betwen pACYC184::Tn3651 and 


R388::Tn 3651: :pACYC184 


R388, formed by transposition in a inpA* (SC) 


inpR cell, Lanes a, ô, 
R388::Tn3651 ::pACYC184 co- R388::1n3651 
integrate-containing strain; b, (SC) 


pACYC184::Tn365! plasmid DNA; c, 
d, cO-integrate strain+inpA™ tmpR* oc 
derivative of pPMB8::Tn3; ê, 
pMB8::Tn3 inpA” tnpR~ plasmid DNA; 
f. & co-integrate strain+inpA* tnpR 
derivative of ColE1::Tn3; h, 
ColE1::Tn3 tnpA*mpR plasmid DNA; 
i, j, CO-integrate strain+inpA” inpR sc 
derivative of pMB8::Tn3; k, 
PMB8::Tn3; mpA tapR plasmid DNA; 
l, and m, co-integrate strain —tnpA* tnpR” 
pMB8::Tn3; n, pMB8::Tn3 plasmid 
DNA. The plasmid DNA content of cells 
derived from a single colony was 
analysed by electrophoresis through 


pACYC184::Tn3651 
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0.8% agarose gels. Cells were lysed by resuspension in electrophoresis buffer containing 2% Ficoll and 1% SDS. After centrifugation (18,000g¢ for 15 min) to 
remove chromosoma! DNA and cell debris, the supernatants were loaded directly on to gels. Open circle (OC) and supercoil (SC) bands of the co-integrate and 
of the resolution products, pPACYC184::Tn 3651 and R388::Tn3651. are indicated. Note that in tracks a, f, g, i j and o, the R388 cO-integrate copy number is 
higher than in the tracks containing R388::Tn3651. This is because co-integrate replication occurs from the multicopy origin of pACYC184. In tracks / and m, 
pACYC184::Tn 3651 and pMB8::Tn3 co-migrate. The presence and identity of all Tn365/ derivatives were confirmed after DNA transformation or conjugation. 


and tnpR proteins, transposition frequencies are generally some 
10 times lower than in mpA* tnpR° cells, with co-integrates 
occurring between 10° and 10* times less frequently. In these 
cases the major transposition end product is a simple transposon 
insertion into the recipient replicon (Fig. 1C), demonstrating 
that the mpR gene product is involved in conversion of co- 
integrates to normal transposition end products. That the tnpR 
protein alone is sufficient to mediate this resolution was demon- 
strated by introducing complementing transposon derivatives 
into cells carrying tnpA` tnpR` co-integrates (Fig. 3). Providing 
tnpR protein alone (Fig. 3c,d) or in the presence of inpA protein 
(Fig. 3/,m) brings about a rapid resolution of the co-integrates 
into the normal end products of transposition (Fig. 1C). 
However, the co-integrates are stable in the presence of tnpA 
protein alone (Fig. 3f,g). Both Tn 1 and Tn3 tnpR gene products 
act efficiently to resolve co-integrates formed by the Tn 7 tnpÀ 
tnpR derivative (data not shown). Thus Tn/ and Tn3 gene 
products are completely interchangeable in the two steps of 
transposition. 


i 





Table 1 Complemented transposition of inpA mpR derivatives of 
Tn? and Tn3 

Donor Frequency 

transposon Frequency of stable 

type Complementing of co-integrate 

(inpA” tnpR ) transposon transposition* formation? 

Tn3 — <1x10 ki <1x10~’ 

Tn3 A R Tn3 <2x10 <2 x10 . 

Tn3 A R* Tn3 8x10 <2x 107’ 

Tn3 A'R Tn3 16x10 ° 1L5x10°° 

Tn3 A*R* Tn3 3.5x 10° 4x10 

Tn3 — <2x107’ <2x1077 
Tn3 AR’ Thi <1x107’ <1x10 

Tn3 A'R Thi 6.6 107° 7.3«10° 

Tn/ — ND <1x10™ 

Tn! A R' Tn! ND <1x10° 

Tol A'R Thi ND 1.3x10* 


eee 

Transposition into R388(Tp') was measured by mating recA 
donor strains containing R388, either PACYC184::Tn 3651 
\inpA tnpR Tn3) or pMB9::Tn1031 (mpA tnpR Tn!) and where 
indicated a third compatible plasmid carrying the complementing Tn / 
or Tn3, with a recA” plasmid-free recipient strain. 

* Fraction of Tp’ transconjugants receiving the transposon marker 
Ap’; this include co-integrates and complete transposition products 
Fig. 1C). (In all cases, except for the mpA* tnpR` Tn3 plasmid, the 
complementing plasmid was unable to transpose Ap’.) We do not 
believe that the value of 8 x 107’ in line 3 represents true transposition. 

t Fraction of Tp’ transconjugants receiving the plasmid marker (Cm' 
for pACYC184::Tn3651 or Te’ for pMB9::Tn/031). 


That the same product from the mpR region of Tn/ and Tn3 
mediates both site-specific recombination at res, and repression 
of inpA/tmpR expression, presumably by binding at or close to 
res, was confirmed by selecting npR™ mutants derepressed for 
tnpA expression, which could then be tested for co-integrate 
resolution activity. Cells containing a R388 ::Tn 1031 :: pMB9 
co-integrate are Tc’ by virtue of derepressed expression of the 
Tc’ gene from the tnpA promoter (see Fig. 1B). Such cells were 
therefore transformed with hydroxylamine-mutagenized plas- 
mid DNA (pDS4153; an Ap‘ npA~ tnpR* ColK::Tn/ deriva- 
tive). Ap’ transformants receiving unmutagenized DNA 
become Tc* by virtue of tnpR-mediated repression whereas Ap’ 
transformants inheriting a mpR~ mutant of pDS4153 should 
remain Tc’. About 10~* of the Ap‘ transformants remained Tc’. 
Two of these were analysed in detail: plasmids the size of 
R388::Tn1031::pMB9 co-integrates and pDS4153 were 
observed. Isolation and subsequent characterization of the 
pDS4153-sized plasmids (designated pDS41531 and 
pDS41532) showed that the two mutants failed both to repress 
Tc’ and to resolve Tn /031-containing co-integrates in a Sup” 
Strain (that is, they appeared to be tnpR , by their inability both 
to repress npA-driven expression and to resolve co-integrates), 
In SupD and SupE strains, both mutant phenotypes were 
suppressed (to give Tc” and co-integrate resolution) for each 
plasmid, whereas in a SupF strain, no significant suppression of 
either Tc’ or co-integrate non-resolution was observed for either 
plasmid. 

This provides further evidence that a single polypeptide from 
the tpR region mediates both site-specific recombination and 
repression of mpA/tmpR expression. We have previously 
Suggested that tnpR protein could simply mediate both proper- 
ties by binding at res if res contains promoters for inpA and tnpR 
expression; sequence information and the known in vitro pro- 
perties of the related yô mpR protein support this idea", 

P.A.K. is supported by a MRC studentship. 


Received 29 October 1981; accepted 8 January 1982 


1. Gill, R. E., Heffron, F. & Falkow. S Nature 282, 797-801 (1979) 

2. Heffron, F., Met arthy, B. J., Ohtsubo, H. & Ohtsubo, E. Cell 18, 1153-1163 (1979) 

3. Chou, J., Casadaban, M. J., Lemaux. P. G. & Cohen, S, N. Proc. natn. Acad. Sci. U.S.A. 76, 

4020-4024 (1979) 

4. Chou, J., Lemaux, P. G., Casadaban. M J. & Cohen, S. N. Nature 282, 801-806 (1979) 

5. Arthur, A. & Sherratt. D.J Molec, gen. Genet. 178, 267-274 | 1979), 

6. Sherratt, D.. Arthur, A. & Burke, M. Cold Spring Harb. Symp. quant. Biol 45, 275-284 
(1981) 

Reed, R. R. Proc. natn. Acad. Sci. US A. 78, 3428-3432 1981) 

8. Bolivar, F. Life Sci. 25, 807-817 (1979) 

9. Chang, A, C. Y. & Cohen, S. N. J. Bact. 134, 1141-1156 (1978). 

10. Datta, N, & Hedges, R. W. J. gen. Microbiol. 72, 349-355 (1972) 

|. Gill, R., Heffron, F., Dougan, G. & Falkow, S. J. Bact, 136, 742-756 (1978). 

12. Reed, R. R. Cell 28, 713-719 (1981) 

13. Reed, R. R. & Grindley, N. D. F. Cell 25 721-728 (1981 


Čo, fa 








S 


y 


ae 


4 


Nature Vol. 295 18 February 1982 





Two major genes, linked to 
HLA and Gm, control 
susceptibility to Graves’ 
disease 


WE are pleased that Uno et al.’ have 
extended to family material the finding’ 
that variation in ‘immunological 
networks’, identified by HLA and Gm 
allotypes, contributes to Graves’ disease 
susceptibility in a more than additive 
manner. 

However, like Welsh’ we regret the 
uncertainty created by the unspecific but 
clearly extensive selection of the families 
analysed by these workers. For example, if 
as they suggest two dominant alleles 
are involved, general offspring—parent 
correspondence between markers and 
disease, as in the family illustrated’ is 
expected, but not reported. There ts evi- 
dence that HLA-associated genetic 
susceptibility to Graves’ disease is not 
dominant but involves the participation of 
two parental haplotypes’, and in a series 
of 28 affected sib pairs, 68, 25 and 7% 
shared respectively two, one and no HLA 
haplotypes, more compatible with reces- 
sive or intermediate than dominant action 
of HLA-associated susceptibility’. In one 
large family having several cases of 
‘Graves’ disease, HLA patterns were 
consistent with a dominant association® 
but Gm patterns (which have not been 
reported) are not. Generalization from 
small numbers of selected families 
regarding the genetic component in 
susceptibility to Graves’ disease, and 
possibilities for predictions of risk to rela- 
tives’, are inappropriate. In Caucasians, 
the associated HLA and Gm markers are 
found in 23 and 80%, respectively of the 
general population, but only ~1% of the 
general population and 5% of sibs of 


. affected persons develop Graves’ disease. 


We are intrigued with the lack of asso- 
ciation between specific allotypes and 
Graves’ disease found by ourselves in 
Caucasians’ and by Nakao et al? in 
Japanese individuals, although admittedly 
different allotypes were involved in the 
case of the Japanese and were less closely 
associated with the disease. 

Sasazuki’s laboratory previously 
reported? a strong association between 
Graves’ disease and -HLA-Dw12 (pre- 
viously DHO), but now report instead an 
increase in HLA-DRS5. This is rather 
surprising because DR5 seems slightly 
reduced in Caucasian patients with 
Graves’ disease, and is instead associated 
with goitrous thyroiditis’. Moreover, 
HLA-DRS does not exhibit cross-reac- 
tivity with HLA-Dw12-positive cells’”. 
The authors need to resolve this dis- 
crepancy. 


In contrast to the mouse, in which idio- 
typic determinants have been shown to be 
linked to Cy allotypic markers, no such 
evidence have been provided for humans, 
whose allotypic markers are located 
further down the Fc region’’. Further 
work may reveal such an association; 
meanwhile it is worth considering the 
possibility that allotype- or isotype- 
specific networks of immunoregulatory 
cells may be involved in disease suscep- 
tibility’. Indeed, immunoglobulin subclass 
and allotypic restriction of the thyroid 
stimulating antibody have been demon- 
strated’*""?, 
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SASAZUKI AND UNO REPLY—We 
reported that two major genes, linked to 
HLA and Gm, control susceptibility to 
Graves’ disease’. Of 30 Japanese families 
in which more than two first degree rela- 
tives were affected, only 15 families had at 
least two affected siblings, which we could 
analyse by the sib-pair method’. We did 
not conclude in any way that an HLA- 
linked disease susceptibility gene for 
Graves’ disease was dominant. Recently 
we proposed? two genetic models for 
Graves’ disease by analysing the same 
families using the affected sib-pair 
method*: (1) an HLA-linked recessive 
gene (gene frequency (gf)=0.30) plus a 
Gm-linked recessive gene (gf = 0.10) with 
penetrance >0.60; (2) an HLA-linked 
dominant gene (gf =0.08) plus a Gm- 
linked recessive gene (gf=0.10) with 
penetrance >0.50. Due to the small 
number of affected sib-pairs, we could not 
distinguish between a dominant and 


recessive model for an HLA-linked 
Graves’ disease gene. However; we can 
reject a dominant model if we analyse our 
data together with those of Farid and 
Bear’: of 43 affected sib-pairs, 27 shared 
two, 14 shared one and two shared zero 
HLA haplotypes. 

There was not significant association 
between 30 probands with Graves’ dis- 
ease and Gm 1,2,21 (a,x,z) halotype 
which was reported® to be associated with 
Graves’ disease. Rather in our study this 
haplotype was decreased in frequency 
(0.0860) compared with that in the 
Japanese population (haplotype 
frequency=0.1575). Similarly, the 
present patient group did not show any 
association with Bw35(w5), which was 
reported to be associated with Graves’ 
disease in the Japanese patients’, where 
increased frequency of DW12(DHO) was 
also observed®. The present patients 
under study were selected'from multiple 
case families whereas our previous study 
and that of Nakao et al. used unselected 
patients. This may partly explain the dis- 
crepancies observed for the statistical 
association of Graves’ disease with the 
genetic markers, HLA and Gm, between 
our present study and those of Nakao et 
al,°, Grumet et al.’ and ourselves. This 
may also explain the observed discrepancy 
in the frequency of HLA-DRS5 between 
our study and the report of Farid and 
Bear’. 

In any event, there are two distinct 
genes which have a major effect on 
susceptibility to Graves’ disease and 
which are clearly identified by the genetic 
markers, HLA and Gm. Clarification 
of the immunological mechanisms 
controlled by these major genes awaits 
elucidation of the environmental factors 
which are crucial in triggering Graves’ 
disease. 
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Positive selection | 
causes purifying selection 


IN their support of the neutral mutation 
hypothesis of molecular evolution, Li et 
al.' oversimplify the views of selectionists 
and use a specious logic that should not go 
unchallenged. They assert after Clark? 
and Milkman’ that “‘selectionists believe 
that most nucleotide substitutions are 
caused by positive darwinian selection” 
and then using King and Jukes** as their 
authorities argue “in which case the rate 
of nucleotide substitution in functionally 
unimportant genes or parts of genes is 
expected to be relatively lower because 
the mutations in these regions of DNA 
would not produce any significant selec- 
tive advantages”. 

I believe that the assertion of Li et al.’ is 
an oversimplication. There are molecular 
evolutionists who are selectionists 
because they consider natural selection to 
be a driving force steering protein evolu- 
tion®*; however, such proponents of 
darwinian evolution of proteins are quite 
willing to have neutral substitutions occur 
at a high rate in pseudogenes, in the third 
position of the codons when the base 
changes do not cause amino acid changes®, 
and in general in functionally less 
important regions of DNA. 

The argument of Li et al.’ is specious 
because it ignores two factors: (1) the time 
span for molecular evolution above the 
species level is in millions of years, not 
hundreds; and (2) the selection, which is 
positive darwinian selection when it 
increases the frequency of an allele in an 
evolving lineage, becomes stabilizing 
(=purifying or negative) selection after 
the allele replaces all others in that 
lineage. When these two factors are 
considered it follows that the nucleotide 
substitutions in functionally important 
parts of genes, as measured in distant 
pairwise comparisons such as those of Li et 
al.’, could be primarily adaptive substitu- 
tions and still yield a slower evolutionary 
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rate per nucleotide position than the neu- 
tral substitutions in functionally less 
important genes or parts of genes. For the 
short time span that an adaptive mutation 
is being fixed in a lineage by the positive 
darwinian form of natural selection, there 
could follow a very long time span during 
which the fixed mutation was maintained 
by the stabilizing form of natural selec- 
tion. Thus over the total time span of 
many millions of years, the average 
evolutionary rate for such adaptive muta- 
tions could be relatively small. Neverthe- 
less, the findings of Li er al.' on pseudo- 
genes do not exclude the possibility that 
for certain important categories of base 
substitutions, for example, those that 
change amino acids, a relatively large 
proportion were fixed by selection rather 
than random drift. 
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LI ET AL. REPLY—Goodman accepts our 
view that random fixation of neutral 
alleles occurs at a high rate in such unim- 
portant genes as pseudogenes or in 
general in functionally less important 
regions of DNA, but believes that natural 
selection is a driving force steering protein 
evolution. He suggests that a large pro- 
portion of amino acid substitutions in 
proteins are caused by natural selection. It 
is known, however, that the rate of amino 
acid substitution is also higher in 
functionally less important proteins or 
parts of proteins, as in the case of nucleo- 
tide substitution in DNA’. For example, 
fibrinopeptides A and B, which 
apparently do not have any biological 
function except for holding other poly- 
peptides that later form a protein, show a 
rate of nucleotide (amino acid) substitu- 
tion as high as that of pseudogenes**. The 
fact that amino acid sequence apparently 
does not affect appreciably fibrinopeptide 
function, and the mutation rate per 
nucleotide site is presumably the same for 
these peptides and pseudogenes, strongly 
Suggests that the amino acid substitutions 
in fibrinopeptides are mainly due to 
random fixation of neutral alleles. 

In functionally important proteins or 
parts of proteins, the rate of amino acid 
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substitution is much lower than that in 


fibrinopeptides'*. The  neutralist’s 
explanation for this is that these proteins 
have strong functional constraints, which 
cause many new mutations to be elim- 
inated from the population, and only 
those mutations (amino acid sequences) 
that are functionally equivalent are 
incorporated into the genome’. In the 
neutral theory, therefore, the entire set of 
substitution data from pseudogenes to 
highly conserved proteins such as histone 
can be explained by the simple and realis- 
tic assumption that the mutation rate is the 
same for all segments of DNA (genes or 
parts of genes) but the proportion of fresh 
mutations eliminated varies with DNA 
segment and the higher this proportion, 
the slower the rate of gene substitution. 
Available data support this view, that is, 
fresh mutations are known to occur almost 
at random in the entire coding region of 
haemoglobin DNA*, and any amino acid 
substitutions generally occur between two 
amino acids having similar biochemical 
properties". However, if natural selec- 
tion is the driving force for protein evolu- 
tion, it would be difficult to explain 
the inverse relationship between the 
functional importance of genes and 
the rate of gene substitution*. Note that 
the rate of gene substitution due to dar- 
winian selection depends not only on the 
mutation rate but also on the selection 
coefficient and population size*. In any 
theory based on selection these three 
factors must be considered. 

Goodman's statement that we have 
ignored the two factors mentioned by him 
is unfounded. Our conclusion is based ona 
study of evolutionary change of genes for 
&0 Myr and on a due consideration of the 
effects of mutation, selection and random 
genetic drift. Note also that neutralists 
believe that adaptive evolution occurs by 
positive darwinian selection but a small 
proportion of gene substitutions is 
sufficient for this’. 
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Evolution, sex and ideol ogi cin 


MICHAEL Ruse’s collection of ten essays 
covers a number of important issues in 
biology, biomedical science and the philo- 
sophy of biology. However, only one of 
these essays, 25 pages long, deals with the 
title question, is science sexist? Further, as 
I will consider later, his discussion of it mis- 
represents an important controversy over 
science and values. Let me follow this com- 
plaint with some praise for the author — 
this is probably the most accessible and 
lively writing by a philosopher of science I 
have come across. The book is entertain- 
ing, if often wrong-headed, and does 
present in clear fashion arguments on such 
issues as evolutionary theory, the recomb- 
inant DNA debate, genetic screening and 
medical views of homosexuality. 

However, there is acurrent of reduction- 
ist thought which permeates most of these 
essays. For instance, in the first few 
chapters Ruse presents one of the most 
persuasive arguments in support of evolu- 
tionary theory — arguments which are par- 
ticularly pertinent today with the attack on 
the teaching of evolution by creationists in 
the United States. (Ruse recently testified 
on behalf of the evolutionists in the 
Arkansas court case.) Yet he is so 
enamoured of the adaptationist 
explanation for biological phenomena that 
his arguments almost begin to turn against 
themselves. He describes lucidly how the 
‘founder effect’’ accounts for the 
variations seen in Darwin’s finches in the 
Galapagos Archipelago. (The founder 
effect refers to situations in which a small 
number of individuals of a species become 
geographically isolated from the rest and 
“founds” a new variant of the species with 
its own peculiar gene pool.) Yet the 
founder effect (among many other factors) 
could well lead to a number of variations 
which are not themselves a product of 
natural selection. If an adaptationist 
explanation is available for a phenomenon, 
it is presented as if it were almost proof of 
the explanation itself. 

To take a strict adaptationist view 
trivializes evolutionary theory and turns it 
into a sterile enterprise. In fact, we are 
entering a rich period in the study of 
evolution as a result of advances in many 
areas of science, including protein 
chemistry, molecular genetics and palac- 
ontology. This progress does not in any 
way lead toa rejection of the fundamentals 
of Darwin’s theory, but vitalizes it with 
variations and new mechanisms some of 
which could not even be conceived of until 
recently. 


Jon Beckwith 


Is Science Sexist? And Other Problems in 
the Biological Sciences. By Michael Ruse. 
Pp.299. Hbk ISBN 90-277-1249-2; pbk 
ISBN 90-277-1250-6. (Reidel: 1981.) Hbk 
Df1.80, $42; pbk Df1.32.50, $14.95. 


Ruse also deals with the validity of 
Darwinian evolution as a genuine scientific 
theory using the criteria of Karl Popper. 
While I have no qualms about evolutionary 
theory, | do not feel that the defence in 
Popperian terms is very successful. As I 
will describe later,the use of falsifiability is 
problematic as many philosophers of 
science have recognized. 

After covering some issues of interest to 
philosophers concerning the relationship 
between molecular genetics and Mendelian 
genetics, Ruse passes on to a discussion of 
genetic screening and its implications. By 
and large I found myself in agreement with 
the perspective in this essay. The fallacies 
of cost-benefit analysis of genetic 
screening programmes, the dangers of 
categorizing social and ethical problems as 
medical ones, the potential for dis- 
crimination against minority groups and 
the dangers of broadening the definition of 
genetic disease to include social behaviours 
such as homosexuality are pointed out. 
This is an excellent account for everyone 
working in the area of genetic screening. 
One complaint, however, which perhaps 
relates to the reductionist streak in this 
book: Ruse repeats the now discredited 
myth that XYY males exhibit antisocial 
behaviour, citing as his source a review by 
Borgaonkar and Shah, which apparently 
he has not read. For, in fact,these authors 
concluded that ‘‘The frequency of 
antisocial behaviour of the XYY male is 
probably not very different from non- -XYY 
persons of similar background and social 
class” 

Ruse’s analysis of many of the issues in 
the recombinant DNA debate hits the 
mark, but his prejudice for reductionist 
science shows up again in such comments 
as ‘‘scientists [working with recombinant 
DNA] are finding out in the most basic 
way, precisely what makes the world 
work... .”’. Recombinant DNA is not a 
field of research; it is a tool for studying 
certain biological problems which are 
approachable at the level of the gene or of 
DNA structure. Because of its enormous 
power in studying these questions, this new 
tool has had a distorting influence on 
priorities in biological research. First, the 
study of genes in isolation from their 
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general e E and from the cells and 
organisms in which they function provides 
answers to only a very limited number of 
questions. Further, most of the areas of 
biology which have to do with “what 
makes the world work’’ are ones to which 
recombinant DNA may not make major 
contributions. Can Ruse’s attraction to 
‘recombinant DNA research”? be connec- 
ted with his obvious interest in the 
explanations at the level of the gene found 
in sociobiology? 

it is the arguments on the issue of socio- 
biology that seem the most strained in these 
essays. Ruse tries to put sociobiology on 
the same planeas evolutionary theory using 
analogous arguments about testability and 
falsifiability. Here the problems with falsi- 
fiability become clearer. Many might have 


thought that Marshall Sahlins’s descrip- 


tions of the enormous variations in kinship 
systems in various cultures which counter 
predictions of sociobiology would have 
been a falsification of kin selection as 
applied to human societies. Instead, 
Sahlins’s examples are either ignored or 
explained away by sociobiologists as due to 
unusual circumstances or to genetically 
aberrant societies, or ad hoc hypotheses.are 
devised to incorporate them into socio- 
biology. What becomes clear is that a 
falsification to one person is an irrelevancy 
to another. Ruse is aware of this when he 
points out that just because ‘‘some people 
will not let a theory be falsified does not 
mean that the theory itself is unfalsifiable 
_,.??, But who decides when a theory has 
been falsified? To my mind, the conclusion | 
that a particular set of data does or does not 


falsify sociobiology is a reflection of one’s o 


general stance on the issue rather than on 
some objective truth. In this light, 
Popper’s concept of falsifiability seems 
vacuous. | 
While in earlier chapters Ruse points out 
the alternatives to evolutionary theory and 
convincingly dismisses them, in his dis- 
cussion of sociobiology he barely mentions 
cultural explanations for human social 
behaviour. Again in contrast to the dis- 
cussion of evolution, he does not indicate 
how one would go about distinguishing 
between the two explanations. It is simply 
his attraction to the adaptationist scheme 
which leads him to favour the genetic 
explanation. However, for complex 
human social behaviours, the environ- 
mental and genetic factors are so inter- 
twined and so difficult to distinguish that I 
cannot imagine how this distinction can be 
achieved in the foreseeable future. Until 
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that time the claims for evidence for the 


geneticemodel must be considered as no 
more than an indication of the biases of the 
scientists (and philosophers) who put forth 
the claims. — 

These arguments eee of, course, to the 
question of sex roles which Ruse discusses 
in his penultimate chapter. According to 
Ruse, one is not a sexist if one values 
positively the role of the female human 
being. This extraordinarily naive position 
ignores the broad cultural and institutional 
forms of power in society which perpetuate 
male domination. Sociobiologists place a 
heavy emphasis on sexual selection and on 
sex role division of labour and its 
evolutionary basis. These points are 
essential to the theory. The sexism of 
sociobiology does not lie in its conclusions, 
as Ruse would have us believe the critics 
have charged. Rather, the conclusions area 
natural consequence of the fundamental 
assumptions which underly the whole 
sociobiological enterprise. For example, 
basic to E.O. Wilson’s explanation of sex 
roles as they exist today is a reconstruction 
of human prehistory which describes the 


male as a hunter from early evolutionary 


times. He accepts the arguments of 
popularizers of palaeontology such as 
Ardrey and ignores the bulk of evidence 
which suggests that, for most of hominid 
evolution, we were vegetarians and fruit 
eaters. There are numerous similar 
examples in sociobiology where a social 
bias leads to the choice of explanation or of 
data which, in turn, are determinants of the 
conclusions of the theory. One has only to 
read Kropotkin’s Mutal Aid to see that a 
different social perspective leads to a 
choice of different examples and thus to a 
totally different view of human nature. 
This is a strange, contradictory and 
provocative book. While admitting that 
“one should [not] try to pretend that 
science can proceed divorced from 
ideology’’, Michael Ruse ignores the 
pervasive ideological influences on those 
attempts to use the biological sciences to 
explain human social behaviour. E 


Jon Beckwith is in the Department of 
Microbiology and Molecular Genetics at 
Harvard Medical School. 


Putting the environment back in genetics 


Lindon J. Eaves 





Cultural Transmission and Evolution: A 
Quantitative Approach. By L.L. Cavalli- 
Sforza and M.W. Feldman. Pp.388. Hbk 
ISBN 0-691-08280-4; pbk ISBN 0-691- 
08283-9, (Princeton University Press: 
1981.) Hbk $25, £17.70; pbk $10.50, £7.50. 


IN MANY applications of quantitative 
methods to human genetics it has been 
assumed, by default, that transmission is 
biological in spite of repeated criticism that 
environmental factors may simulate 
Mendelian inheritance. Historians and 
philosophers of science may wonder why 
the genetic theory of human differences 
has proved so powerful. Some of the credit 
must be given to the fact that the con- 
sequences of genetic inheritance found a 
precise mathematical form very early, in 
the work of such pioneers as Fisher and 
Wright. By contrast, environmental trans- 
mission models were inexplicit and devised 
to explain rather than predict. 

The past ten years have seen a number of 
critical developments which have gone far 
to redress the imbalance of theory. Socio- 
biology arose because existing 
evolutionary theory seemed to run counter 
to those very human characteristics that 
evolution had established. Much of this 
work has been conservative, retaining at its 
centre the genetic basis of information 
transfer and attempting to show how such 
characteristics of higher organisms as sex, 
altruism, parental care, social organization 
and mate selection could evolve in a 
Darwinian universe. 


Cavalli-Sforza and Feldman begin from 
a radically different position. They take the 
human capacity for learning and social 
interaction for granted and examine the 
many ways in which the dynamics and 
equilibria of human populations are 
modified when the rules of transmission 
are freed from their Mendelian strait- 
jacket. Their work is a pleasing balance of 
theory and colourful examples. 

They examine a number of ways in which 
cultural transmission may differ from 
genetic inheritance. In the simplest case, 
transmission may involve a single di- 
morphic cultural state passed from parent 
to child without the constraints which 
accompany Mendelian segregation. Such 
‘vertical transmission” may often be con- 
fused with Mendelian inheritance but can 
generate a far wider range of dynamics and 
equilibria. The authors show, for example, 
the conditions under which cultural states 
may oscillate between generations if 
children react against the values of their 
parents. The theory is developed mathe- 
matically using assumptions and methods 
largely familiar to population geneticists. 
Cultural parallels of mutation, migration, 
selection and drift are examined, together 
with some models of assortative mating. 
Later chapters consider multi-state and 
continuous traits. 

Cavalli-Sforza and Feldman recognize 
that transmission is not confined to the 
nuclear family. Information may be passed 
from teachers in the parental generation 
(“‘oblique’’ transmission) or in the same 


‘generation (“‘horizontal’’ transmission). 


In such cases only the type of social 
organization and communication network 
restrict the number of people influenced by 
a new idea, so the rates of evolutionary 
change increase dramatically. One possible 
consequence is the rapid spread of an 
innovation which has an adverse effect on 
fitness, 

The authors are the first to admit that 
there is an element of unreality in treating 
cultural transmission independently of 
genetic inheritance, and there are other 
workers who have considered the joint 
effects of genetic factors and social inter- 
actions on the resemblance between rela- 
tives. Perhaps the only weakness of the 
present book is a failure to integrate the 
theory with other contemporary work in 
human quantitative genetics, much of 
which is just as concerned with the 
environment. 

Part of the richness of Cultural 
Transmission and Evolution stems from 
the inclusion of illustrative examples, 
ranging from national differences in pro- 
nunciation, through the familial trans- 
mission of Buddhism, to the distribution of 
surnames. Data are used by Cavalli-Sforza 
and Feldman very much as they were used a 
century ago by Galton and Pearson, to 
illustrate rather than prove. There is little 
attempt to test and exclude alternative 
genetic hypotheses. 

The long-term value of the book is likely 
to stem not from the data, however, but 
from the authors’ ability to crystallize the 
elements of cultural transmission in a 
mathematical model which starts with a 
few simple assumptions. It offers, to bio- 
logists and behavioural scientists alike, an 
attractive demonstration of the heuristic 
value of model-building as a way of draw- 
ing together the more haphazard intuitions 
of the past and may make clinical and 
behavioural geneticists more sensitive to 
the ambiguities of their data. E 
ie ee EA 
Lindon J. Eaves is Distinguished Professor of 


Human Genetics at the Medical College of 
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Supergiant behaviour 
J.B. Hutchings 


The Brightest Stars. Geophysics and Astro- 
physics Monographs, 19. By Cornelis De 
Jager. Pp.456. Hbk ISBN 90-277-1109-7: 
pbk ISBN 90-277-1110-0. (Reidel: 1981.) 
Hbk Dfl.140, $73.50; pbk Df1.60, $31.50, 





IN attempting to cover our current know- 
ledge of the most luminous stars in nine 
self-contained chapters, Dr De Jager has 
set himself a formidable task. The recent 
pace of research has expanded the frontiers 


of this subject to an extent that no one 


volume can fully encompass. What the 
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book does is cover, with examples and illus- 
trative theory, the behaviour of all types of 
supergiant stars. Slightly surprisingly, it 
also sets out to deal with novae and super- 
novae. 

The subject matter includes data from all 
wavelengths between X-ray and radio, on 
stars of all possible temperatures. Con- 
siderable space is given to describing obser- 
vations and derived quantities typical of 
subgroups such as Of, Be, W-R, 
P Cygni stars and ¢ Aur stars. Evolution, 
atmospheric structure and mass-loss are 
described in separate chapters, and the 
largest section deals with chromospheric, 
coronal and circumstellar dust 
phenomena. 

It is perhaps too easy for one familiar 
with the subject to look for deficiencies or 
omissions. My main personal regrets were 
the lack of summarizing tables in many 
sections, the lack of coherence between 
some of the chapters and the omission of 
many of the observational details and 
uncertainties. A good bibliography of 
more specialized books, conference pro- 
ceedings and reviews would also have been 
welcome. 

Nonetheless, the book is fairly thorough 
in its coverage and it is hard to find much of 
importance that is left out. Theoretical 
sections accompany all descriptions of 
data, but are mostly given at the physical 
concept level; the book is not a reference 
source for applying or deriving rigorous 
models. The chapter on atmospheres is 
perhaps the exception here and is an 
excellent introduction to recent work. 
However some other topics are belaboured 
to the point of my wondering how import- 
ant they really are. 

The author has clearly made extensive 
use of other published material and 
diagrams. While this tends to override any 
particular bias, it leads to a somewhat 
variable depth in the treatment of different 
topics. Diagrams are generally reproduced 
from other work and often contain 
symbols or features not explained in the 
captions. There is a sprinkling of typos and 
grammatical curiosities, which do not 
detract seriously from the book’s impact — 
one which occurs regularly is ‘‘criterium”’ 
Į also spent some time looking for the fifth 
type of nova. 

The most luminous stars are important 
as they are responsible for most of the 
X-rays, supernovae, enrichment of the 
ISM, star formation and optical radiation 
in a galaxy, but they are rare and constitute 
a small fraction of its mass. They are often 
the only individual objects we can study in 
other galaxies, and it is clear that we need to 
understand them more fully. This book 
provides a good background and overall 
description of their properties at a time 
when many new facts are being ae 
aboutthem, ins 
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J.B. Hutchings is a Research Scientist at the 
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Coming out on top 
D.H. Everett 


Chemistry in Two Dimensions: Surfaces. 
By Gabor A. Somorjai. Pp.575. ISBN 
0-8014-1179-3. (Cornell University Press: 
1981.) $48.50, £29. 








THE George Fisher Baker Lectures at Cor- 
nell University have long had a reputation 
for excellence, and those which have subse- 
quently appeared in print have been impor- 
tant milestones in the development of 
chemistry: they include the books of Alfred 
Stock, Monteath Robertson, Linus Paul- 
ing, C.K. Ingold, G. Herzberg, Paul Flory, 
Jack Dunitz, Herbert Brown and R.P. 
Bell. This volume by Gabor Somorjai will 
prove to be no exception. 

The past 20 years have seen an explosive 
development of surface physics and sur- 
face chemistry, brought about as so often 
happens by major developments in ex- 
perimental techniques. Today the tools of 
the surface scientist are represented by a 
bewildering and annually increasing 
number of acronyms. In this book, after an 
introductory chapter, some 20 such techni- 
ques are explained, and their application to 
the characterization of solid surfaces is 
outlined. The results of experimental work 
on the surface composition of alloys are 
then described and their theoretical inter- 
pretation discussed. Enrichment of the 
surface of alloys by one preferentially 
adsorbed component follows a pattern 
familiar in work on liquid-vapour and 
solid—liquid interfaces, and it is perhaps a 
pity that the opportunity was missed here 
to draw attention to the underlying unity of 
various branches of surface science. Thus 
the theories of the surface enrichment of 
alloys, published in the mid-1970s and 
presented in the book, are essentially iden- 
tical with those of adsorption at the liquid- 
vapour interface originally developed for 
ideal systems by Butler in 1932 and for 
regular solutions by Schuchowitsky and 
Guggenheim in the 1940s, and applied in 
the 1960s to adsorption at the solid—liquid 
interface. The unfortunate impression left 
by the present account is that the theories 
described are recent developments aimed 
specifically at the solid~vacuum interface. 

Two chapters on the structure of clean 
surfaces and of adsorbed monolayers on 
solids provide full and authoritative ac- 
counts of the voluminous literature on the 
subject. A discussion of the surface 
chemical bond and of energy transfer in 
gas—~surface interactions provides a 
valuable introduction to the last third of 
the book, which is concerned with catalys- 
ed chemical reactions at surfaces. A general 
account of heterogeneous catalysis in- 
cludes extensive and valuable tables of 
kinetic parameters characterizing the 
catalysis by metal surfaces of the 
hydrogenolysis of ethane, propane, 
n-butane, isobutane, the isomeric pen- 
tanes, several hexane isomers, n-heptane, 


benzene and a number of other hydrocar- 
bons. Also tabulated are kinetic data‘on the 
ring opening of cycloalkanes, toluene 
hydrodealk ylation and hydrogenolysis, the 
hydrogenation of olefins and aromatics, 
and the isomerization and dehydrocycliza- 
tion of alkanes. These tables in themselves 
make the book an essential part of the 
literature on heterogeneous catalysis. Par- 
ticular attention is then given to hydrocar- 
bon conversion on platinum and to the 
catalytic hydrogenation of carbon monox- 
ide; and a brief final chapter deals with 
photochemical surface reactions. 
Gabor Somorjai has contributed mitch: 
distinguished research to surface science. 
His enthusiasm and the authoritative posi-. 
tion he commands in this field are apparent 
throughout this book. It cannot. fail to 
become a classical text, the value of which 
will not be diminished by the rapid 
developments which will surely ensue in the 
future. Both as a wide survey of surface 
science, and as a source of critically as- 
sessed kinetic data on heterogeneous 
catalysis on metals, the book is most 
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strongly recommended. ‘2 


haem 





D.H. Everett is Leverhuime Professor of 
Physical Chemistry at the University of Bristol. 
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Seminal secrets 
R.J. Aitken 


Male Reproductive Function and Semen: 
Themes and Trends in Physiology, Bio- 
chemistry and Investigative Andrology. By 
Thaddeus Mann and Celia Lutwak-Mann. 
Pp.495. ISBN 0-387-10383-X. (Springer- 
Verlag: 1981.) DM150, £32. 


IN Male Reproductive Function and 
Semen, Mann and Lutwak-Mann have 
produced a highly authoritative treatment 
of a vast volume of literature relating to the 
production, composition and function of - 
semen. The book is a sequel to the success- 
ful Biochemistry of Semen and of the Male 
Reproductive Tract, published by 
Methuen in 1964, and summarizes the 
important advances that have taken place 
in the field since that time. 

There should be something in the text for 
any student, clinician or scientist interested 
in this subject. For the student, there is an 
extensive bibliography and a comparative 
approach which provides a fascinating 
insight into the diversity of reproductive 
strategies employed by different groups of 
animals. 

For the clinician and scientist no page of 
this book should really remain unturned. 
Of particular interest to the former are 
sections on such topics as the assessment of 
semen quality, the cryostorage of sperma- 
tozoa and the biochemistry of seminal 
plasma in relation to andrological practice. 
For the research worker there are excellent, 
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well-referenced methodological sections 
dealing with the logistics of experiment- 
ation in the male reproductive sciences. 

To all proud possessors of a Y chromo- 
some the final chapter on the influence of 
environmental factors on spermatogenesis 
and sperm function should be of special 
interest. The chapter covers a wide range of 
interactions, including: those between 
addictive drugs, therapeutic agents, food 
additives, industrial chemicals and 
pesticides. The list of compounds inter- 
fering with male reproductive function is 
indeed alarmingly long and may go some 
way towards explaining the apparent pro- 
gressive decline in the sperm densities 
encountered in normal fertile men from a 
mean of 100 x 10° cells per millilitre twenty 
years ago to a value of 50 x 10° at the 
present time. The role of such environ- 
mental hazards in the aetiology of male 
infertility is obviously in urgent need of 
assessment. 

The emphasis of the book is clearly a 
reflection of the interests of the authors. 
Thaddeus Mann’s contribution to our 
understanding of the biochemistry and 
function of semen has been universally 
acknowledged and his work has inspired a 
generation of scientists, including myself. 
One consequence of this interest in semen, 
however, is that the behaviour of sperma- 
tozoa once they have escaped from the 
seminal plasma and initiated thetr quest for 
the female gamete(s) is not given the same 
depth of treatment. The abilities of 
spermatozoa to migrate through the female 
reproductive tract and engage in the 
process of fertilization are of critical 
importance to the definition of fertility, yet 
neither of these important properties can 
be accurately predicted from the behaviour 
in sperm in seminal plasma. 

A related problem is that the population 
of spermatozoa participating in fertili- 
zation in vivo spend a majority of their life- 
Span in a state of so-called capacitation. In 
contrast, a significant proportion of the 
studies reviewed in the extensive chapter on 
sperm biochemistry have been carried out 
on spermatozoa of uncertain physiological 
Status suspended in simple, artificial 
media. The authors are obviously aware of 
this problem but conclude that it in no way 
detracts from the value and biological 
significance of the results. I wish I could 
share their confidence. 

The layout of the book is excellent, 
although certain passages might have 
benefited from more extensive illustration, 
and I wish there had been a concluding 
chapter in which the authors’ knowledge 
and experience could have been used to 
highlight the most significant recent 
developments. Nonetheless this is a major 
work by two highly distinguished authors; 
it should find a home on the bookshelves of 
anyone professing an interest in male 
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reproductive physiology. (d 
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R.J. Aitken is a Research Scientist at the MRC 
Unit of Reproductive Biology, Edinburgh. 





S. Gordon 


Manual of Macrophage Methodology: 
Collection, Characterization, and 
Function, Edited by H.B. Herscowitz et al, 
Pp.514. ISBN 0-8274-1222-6. (Dekker: 
1981.) SwFr. 185, $65. 





METCHNIKOFF drew attention to the 
specialized phagocytic capability of 
macrophages a century ago. Apart from 
their role in immunity against many impor- 
tant intracellular pathogenic organisms, 
the macrophages distributed throughout 
the body secrete numerous products 
responsible ‘for inflammation, repair and 
injury. In addition, these cells retain dif- 
ferentiated traits in vitro and thus provide 
ideal material to study growth, membrane 
traffic, destruction of tumour cells and 
many other topics of interest to both cell 
biologists and immunologists. 

Description of methods for studying the 
macrophage has traditionally been 
relegated to immunology texts, but several 
attempts are now under way to produce a 
separate, specific manual. This volume has 
arrived early and does contain much useful 
information, but is badly flawed by lack of 
a proper sense of where macrophage 
research is heading. Although sound 
prescriptions are given for the isolation of 
macrophages and study of some of their ac- 
tivities, exciting areas like H,O, production 
and surface antigens are overlooked, In- 
dividual authors often turn to outmoded 
methods of cell characterization and 
elimination, by silica for example, rather 
than coming to grips with the problem of 
adherent cell heterogeneity. Thus, the im- 
plications of the discovery of the potent 
“antigen presenting” activity of dendritic 
cells, a minor contaminant of most 
macrophage populations, are not con- 
fronted. Other points of emphasis are ir- 
regular; interleukin-1 is well covered, but 
not CSF; the recovery of macrophages 
from spleen by enzyme digestion, a 
difficult but important procedure, is 
neglected; pinocytosis mediated by specific 
receptors is ignored; and so on. 

Some authors give workmanlike 
assessments of procedures otherwise scat- 
tered in research papers. These include a 
catalogue of permanent cell lines with 
macrophage markers, culture methods for 
bone marrow precursors, cytochemical 
procedures for the light microscope, and 
the ever-useful detailing of Fc and comple- 
ment receptor assays. Nevertheless, there 
are too many descriptions of everyone’s 






In celebration of its fiftieth anniversary the 
American Institute of Physics has published 
a handbook for physicists of all persuasions, 
the Physics Vade Mecum. The book consists 
of 22 chapters containing useful formulae, 
| numerical data, definitions and references 
pertinent to various fields, and is available 
from AIP Marketing Services, 335 East 45 
Street, New York, price $25. 
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Favourite recipes for the macrophage chef 


favourite assay for microbicidal/cytocidal 
activity of activated macrophages and not 
enough assessment of their value. Readers 
will therefore find this book only 
moderately useful, and not sufficiently 


H 


critical, integrated or comprehensive. C 





S. Gordon is Reader in Experimental Pathology 
at the Sir William Dunn School of Pathology, 
University of Oxford. 


Chemical dynamics 
J.N. Murrell 


Potential Energy Surfaces and Dynamics 
Calculations for Chemical Reactions and 
Molecular Energy Transfer. Edited by 
Donald G. Truhlar. Pp.866. ISBN 
0-306-40755-8. (Plenum: 1981.) $85, £53.55. 








IN A rapidly developing area of science it is 
usually necessary to go to the primary 
literature to obtain details about the cur- 
rently active experimental or theoretical 
techniques. The reason for this is not just 
that textbooks take some time to be 
published, but that authors have difficulty 
in deciding the opportune moment to write 
them. This book consists of a collection of 
original papers that were given at a sym- 
posium in August 1980. In that respect it 
provides an up-to-date perspective on this 
field and, in my view, a broadly balanced 
one. 

Researchers interested in potential sur- 
faces and molecular dynamics are concern- 
ed with understanding and predicting the 
results of collisions between simple 
molecules. The equations necessary for 
these predictions are well established but it 
is only in recent years that computational 
techniques have reached the level of pro- 
viding, in many cases, reliable predictions. 
There are two stages in the calculation, 
both of which have seen recent advances: 
first, it is necessary to have accurate poten- 
tial functions, and second they must be 
used for accurate dynamics. 

There are three papers in the volume 
which give an overview of particular 
aspects of the field. These are on 
unimolecular dynamics, reactive scattering 
and non-reactive scattering. In addition 
there are 33 papers which deal largely with 
particular molecular systems. The con- 
tributions are generally of good quality and 
by respected authors, and thus I can 
thoroughly recommend the book for pur- 
chase by libraries and by active researc 
workers in the field. E 


nmana aana a yare r y 


JN. Murrell is a Professor in the School of 
Chemistry and Molecular Sciences, University 
of Sussex, 
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The n new , White House Science Council is only a pale shadow of the old 
President’s Science Advisory Committee; it should stay that way. 


The King is dead; long live the King (or the Queen as the case 
may be)! Can this declaration, much cherished by historians keen 
to demonstrate the repetitivity of events, be applied to that 
curious political animal in the United States — the President’s 
Science Advisory Committee? The committee (PSAC, 
pronounced pea-sack) was abolished in 1973 by President Nixon, 
as legend has it because it had become too uppish. Although many 
in the then administration, including even the Secretary of State, 
Dr Henry Kissinger, agreed with PSAC’s most talkative members 
that anti-ballistic missile systems were then technically backward 
and always likely to be strategically ineffectual (and, for that 
reason, dangerous), the administration plainly did not want its 
negotiating position compromised by a bunch of fast and 
independently-talking academics, among whom members of 
PSAC were prominent. But now, after a decent interval, there is 
to be ascience advisory council in the White House again (see page 
637). PSAC having ceased to exist, it seems as if it has been 
necessary to reinvent it as the White House Science Council. 
Appearances, however, are misleading. 

In its heyday, perhaps until the mid-1960s, PSAC was a 
remarkable institution. In many ways, it was a continuation into 
peacetime (made to seem threatening by the arrival of the first 
sputnik) of the camaraderie of the veterans of technological wars 
~ the people who had set up radiation laboratories, Manhattan 
Projects and the like. PSAC in its early days was immensely 
influential because its members were influential, both in the 
academic community and with the government. PSAC seemed 
merely to have to wave its wand, and the federal government 
would agree that there should be a programme of curriculum 
development aimed at the improvement of science teaching in 
high schools, for example — ironically, the programme now 
finally dismantled in the Administration’s budget for 1983. On 
other occasions, the committee lent powerful support, from 
outside the White House, to the executive functions of the Science 
Advisor as, for example, in the early 1960s when Dr Jerome 
Wiesner was battling with Mr McGeorge Bundy for an influence 
over United States policy on disarmament (and defence). Unlike 
most other advisory committees, PSAC seems not to have 
bothered to wait for a request for advice but would offer its 
opinions gratuitously, sometimes to people who did not want to 
hear. Always, PSAC gave the technical community in the United 
States the sense, but also the illusion, that there was an effective 
and publicly constituted channel by means of which account 
could be taken of raw technical opinion. What went wrong? 

The doctrine that everything that President Nixon did must by 
definition be mistaken is a poor guide to the truth. While the 
Nixon administration may have been more afflicted by public 
disagreement about arms control policy than previous 
administrations, there is also something in the view that the 
virtues that made PSAC seem to the technical community to be 
exceedingly important were precisely those calculated to be a 
thorn in the flesh of the White House. The dilemma has been 
neatly described by Dr Edward J, Burger in his book Science at the 
White House, published last year. (For Professor Harvey 
Brooks’s review, see Nature, 290, 635; 1981). Because many of the 
committee’s pronouncements were unsolicited, they were not 
assured of the welcome they might otherwise have had. But when 
asked for its advice, PSAC would often provide its masters with 
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an opinion which, even if entirely correct, could only seem to the : 


embattled administrators to be unhelpful and even self-serving: 


Burger tells how the White House of 1970, anxious to do 
“something big’’ about public health but unsure of what, was 


disconcerted by a PSAC panel’s view that a rapid growth of the 


force of practising physicians was unnecessary but that more 
money should be spent on biomedical research. The question 
remains unanswered whether a more pointed commentary on the 
options before the administration might have headed off 
President Nixon’s ‘‘war’’ on cancer. 

Administratively, Dr Keyworth’s latter-day version of PSAC 
may be an improvement on the original. Even from the narrow 
view of the technical community, there is a balance to be struck 
between the prestige and independence of the old committee and 
the possibility that its successor may be listened to more 
attentively. The ‘“‘bring back PSAC”’ campaign of the past nine 
years has been unreflective about this point. And even if, in the 
months immediately ahead, the chief function of the new science 
council is to strengthen Dr Keyworth’s own position in the White 
House, that in the long run can do no harm. It may also help that 
the President’s Science Advisor will be the sole channel for 
communication between the new council and the Administration. 
He, no doubt, is likely to be best placed to judge when this or that 
study can most effectively be put into circulation — and which 
had better be kept in a drawer. The other side of the coin is that the 
new council will not become a focus for the attention of the 
technical community, a legitimized whispering tube, and that 
even the members of the new council may from time to time 
suspect that they are being used. 

The field of operations for the new council is less certain. From 
some remarks let slip in London last week, Dr Keyworth seems to 
think of the new council as a means of helping him solve some 
awkward administrative problems — making different uses of 
well-established national laboratories for example. But how? A 
high-level survey of the resources and capabilities of the national 
laboratories would benefit the whole technical community, even 
outside the United States, but Dr Keyworth seems to have more 
particular goals in mind. Does he want the committee to be his 
hatchet-man? Or, more machiavellian, does he hope that a 
committee which includes Dr Harold Agnew (once director at Los 
Alamos) and Dr Edward Teller (closely identified with 
Livermore) is bound to resolve the ancient dilemma of deciding 
which laboratory should go? The most obvious danger is that if 
the committee is too much used as a means of confirming 
administrative decisions, or as a means of sanctifying prejudices 
about what the national laboratories can and cannot accomplish, 
its reputation in the technical community will be unenviable. 

Even without a single meeting to its credit, the composition of 
the new council cannot fail to excite prurient speculation. For the 


first time in almost a decade, the White House now has a science 


adviser who is not afraid to confess his enthusiasm for high- 
energy physics, and many of the members of the new council can 
be counted on the back him up. But should not Dr Keyworth be 
mixing in wider circles? The appointment of Dr Edward Teller to 
the council is similarly disconcerting. Nobody disputes Dr Teller’s 
ingenuity or his zeal. That he should be thought of as a hawk is 
beside the point. But his inconsistency and intellectual 
impulsiveness are hardly assets for a new committee. 
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The belief that cite coal production is 
strategically essential neglects lost opportunity. 


Sir Derek Ezra, the chairman of the National Coal Board, is 
understandably cross to have been told (Nature 21 January) that 
the industry that he runs with such distinction should go out of 
business. His letter on page 642 makes a number of points that can 
readily be conceded. British coal-miners have indeed become 
more productive; output per man has increased by more than 50 
per cent in the past 30 years, consonant with the further increase 
of three per cent in 1981. Many of the difficulties of the British 
coal industry can indeed be blamed on backward technology and 
inadequate investment over a substantial period of time; these 
were, after all, some of the reasons why the British coal industry 
was nationalized in 1947. It is also true that the Commission on 
Energy and the Environment, whose chairman is Lord Flowers, in 
its report last year supported the understanding between the coal 
industry and the British government that there should be a long- 
term programme of investment in British mines; the 
commission’s report, Coal and the Environment, would no doubt 
have been more widely read and thus more influential if it had not 
been priced out of the market (at £23.00, from Her Majesty’s 
Stationery Office) and then not distributed, on the grounds of 
cost, to those who might have reviewed it. But neither these 
arguments nor all the social and thus political arguments that 
attend coal-mining (not merely in Britain) are sufficient reasons 
for not asking whether Britain can afford its coal industry. 

The central issue is the assumption that not merely coal, but 
British-mined coal, is strategically necessary now and in the 
future. The question arose earlier this year with the prospect (now 
happily averted) that the coal board’s final offer to British miners 
on pay for 1982, widely advertised as the most it could afford, 
would nevertheless be scorned and some part of British industry 
once more brought to a halt. This annual tussle between the 
miners and the board, bodies otherwise entirely in concert in their 
conviction that public investment in British coal mines must be 
sustained, has in recent years been emphasized by the discovery 
that the cost of importing coal into Britain even from Australia is 
frequently less than that of the home-produced product. Sir 
Derek Ezra rightly argues that the price of job-lots of coal bought 
at the depths of a slump are not representative of the prices likely 
to be charged for it on the open market when prosperity returns 
again. This point was conceded, but perhaps too grudgingly, in 
the article now complained of. But who can suppose that if and 
when international prosperity returns, it will be possible to 
moderate miners’ demands on the size of the British share that 
should come their way? 

None of this implies that British miners are more grasping than 
miners elsewhere, or that miners as such are a cupiditous lot. The 
reality is rather that coal-mining is a dirty and dangerous job, 
especially in deep mines. Many people who do not work in deep 
mines say they would never do so. Some, perhaps many, who do 
work there would prefer to work elsewhere, given half a chance. 
Nobody blames them. Nobody should. So it seems probable that 
if and when prosperity returns, not merely will cheap job-lots of 
coal be harder to come by but so will miners — as in the 
mid-1960s, when Sir Derek’s predecessor, Sir Alf (now Lord) 
Robens laid the foundations of the now conventional wisdom that 
British coal production at about the present rate (a third down 
since 1950) is a fixed point in the compass of the future. But 
mining, however well mechanized, remains labour-intensive, so 
that the return of prosperity to Britain (there are no mines worth 
speaking of in Northern Ireland, so that the nomenclature is 
permissible) will herald either the flight of miners from the mines 
or their demand to be paid even more above the odds or, more 
probably, both. To anticipate this is not to slander an honourable 
group of men but, rather, is to acknowledge their wit and their 
good sense. 

The argument can even be turned around. In the tight 
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: ef awledged to be 
resourceful as well as stubborn. They do ne ‘cut the figures of 
people who are especially well paid. How could it be otherwise? 
Even if coal could be sold at the pithead for £100 a tonne (roughly 
the equivalent of the landed cost of oil in Britain), which is 
mercifully out of sight, coal-miners would still be producing less 
wealth than most of those who work in old-fashioned modern 
industries —- motor-car manufacturing, for example. Their 
capacity individually to create as much wealth as those who work 
in truly modern industries — the design of microcircuits for 
example —- is certain always to be small. So why not consider what 
the circumstances would be like if the part of the British work 
force that rightly prides itself on its special skill was working ina 
really productive industry? The hidden costs of the conventional 
British assumption that coal is strategically necessary, reflected 
not only in subsidies by taxpayers but in needlessly high prices, are 
certainly high. The opportunity costs of employing such large 
numbers of talented people on work characterized by its rigours 
and its hazards hardly seems wise. (The Commission on Energy 
and the Environment, no doubt because of its terms of reference, 
does not take up this question.) So why not follow some different 
strategy — buy fuel on the open market, or buy less labour- 
intensive ways of generating energys nuclear power stations for 
example. And none of this is new — W. Stanley Jevons argued, 
more than a century ago, that the time would come when coal- 
mining would no longer be competitive in Britain. 


Mercury handcuffed 


Liberalizing British telecommunications is 
uphill work because it goes against the grain. 


All concerned seem to be making heavy weather of the attempt 
in the United Kingdom to liberate the telecommunications 
industry from the monopoly of the British Post Office (now 
known in this guise as British Telecom). For the best part of two 
years, the government was struggling with the unfamiliar 
problems of how in the abstract to define the conditions under 
which others than the public monopoly might be allowed to 
compete with it in the market place. Now, with the Telecommuni- 
cations Act on the statute book, it is possible to buy telephone 
handsets retail in British shops without breaking the law. The 
instruments are those to which the monopoly has agreed to 
recommend that a licence can safely be given, on technical 
grounds. It has, by all accounts, been less easily persuaded that it 
should also fall in with the proposals by Cable and Wireless and 
Barclays Bank to set up an independent trunk telephone system. 
Called Mercury, the new system was announced last summer as 
the commercial alternative to British Telecom. 

Only this week has an agreement been reached by the 
Department of Industry, the Mercury consortium and British 
Telecom. For some unaccountable reason, the parliamentary 
draughtsman of the bill supposedly ending the monopoly foresaw 
the possibility that British Telecom’s network might at some point 
be used by communicators other than itself, but failed to provide 
that those licensed to communicate electromagnetic circuits to 
each other might use the public network if that were convenient. 
The public monopoly has therefore been legally within its rights, 
in the past few weeks, to agree that the alternative network could 
go ahead but that it would not be allowed to use its own inter- 
connections, domestically (which is less important) and inter- 
nationally. The trouble, for the monopoly, is that this legally valid 
position was politically untenable. The Department of Industry 
could not have lived with such an impasse. So, in the end, all three 
parties have compromised. British Telecom agrees that Mercury 
can use its connections, Mercury has agreed to pay a royalty to the 
monopoly — and the Department of Industry is probably in a 
mood to proclaim that competition is not the universal boon it is 
cracked up to be. What it should have done is to have defined the 
rules of competition and then to have deligated their 
interpretation to some regulatory body or the courts. 
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Physics looms 
large on 
advisory panel 


Washington 

Dr Jay Keyworth, President Reagan’s 
Science Advisor, announced last week that 
he is setting up a new White House Science 
Council to advise him on ‘‘science and 
technology issues of national concern’’ and 
of ‘‘changing perspectives in the science 
and technology communities’’. 

The thirteen members of the new council 
will carry out tasks similar to those of the 
President’s Science Advisory Committee 
(PSAC), which was abolished by President 
Nixon in 1973. However, unlike PSAC, 
which reported directly to the president, 
the council will report to Dr Keyworth as 
director of the Office of Science and 
Technology Policy. 

Dr Keyworth in turn reports to the 
president’s chief-of-staff in the White 
House, Mr Edwin Meese, implying a lower 
status to the Science Advisor’s job than in 
previous administrations. So the Science 
Council, which is also distinct from the 
commission proposed by Congress in the 
- Science and Technology Policy Act of 1976, 
will probably enhance Dr Keyworth’s 
position on key policy issues. 

The council, already being referred to 
as WHSC (or ‘‘wissick’’), will therefore 
perform many of the functions of the 
President’s Science Advisory Committee, 
established by President Eisenhower in 
1957 in response to the launching of the 
Russian sputnik, and abolished by 
President Nixon in 1973 when some of its 
members took a public stand against his 
policies on anti-ballistic missiles and super- 
sonic aircraft. But officials at the Office 
of Science and Technology Policy (OSTP) 
_. emphasize that whereas the committee 
formally reported directly to the president, 

~WHSC. will report to Dr Keyworth, 





N - OSTP’ s director. 


-There was no official comment on the 
balance of academic interests of the 
members of the new council, with its heavy 
emphasis -on physics and the ‘hard 
sciences’, and, apart from Dr Donald 
Fredrickson, the former director of the 
National Institutes of Health, no expert 
feor social sciences. 

At was stressed, however, that 
individuals had been selected as much for 
their broad perspective and judgement on 
science policy questions as for their 






-particular areas of expertise, and that each 


member had been hand-picked by Dr Key- 
worth ‘‘after a considerable amount of 
deliberation’’. 

“We were concerned to have persons 


(028-98 36/82 080637 -02$01 00 


who can deal with the range of issues that 
we understand to be the greatest interest to 
this office,” said OSTP staff member Dr 
Thomas H. Johnson, who wil! act as the 
executive director of the new council. 

The chairman of the council will be Dr 
Solomon J. Buchsbaum, executive vice- 
president of Bell Laboratories in New 
Jersey. Dr Buchsbaum is a plasma physicist 
by training, and is an experienced 
governmental science adviser, having acted 
as chairman of the Defense Science Board 
under President Ford, and chairman of the 
Department of Energy’s Energy Research 
Advisory Board under President Carter. 

Vice-chairman will be Dr Edward 
Frieman, also a plasma physicist and a vice- 
president of the La Jolla-based consulting 
firm Science Applications Inc. Dr Frieman 
served as director of the Department of 
Energy’s Office of Energy Research during 
the second half of the Carter 
Administration, and before that was 
deputy director of the Plasma Physics 
Laboratory at Princeton University. 

Like Dr Buchsbaum and several other 
members of the new council, Dr Frieman 
has worked extensively as a scientific 
consultant to the Department of Defense. 


Keyworth irked 


One of the first jobs for the White House 
Science Council will be to hammer out a 
policy for the national laboratories suppor- 
ted by a federal government. And, accord- 
ing to Dr George A. Keyworth, President 
Reagan’s Science Advisor, the national 
laboratories must be reorganized so as to 
provide more support for universities on 
the one hand and for United States 
industry on the other. 

Dr Keyworth was speaking in London at 
the annual lunch of the Parliamentary and 
Scientific Committee, a regular event in the 
social calendar frequently used by British 
politicians to make promises or threats 
to their own scientific community. Dr 
Keyworth’s irritation with the US national 
laboratories, made conspicuous by the 
blandness of the remainder of his speech, 
may cause managers of similar laboratories 
in Britain to fear that their own paymasters 
would follow Dr Keyworth’s hint. 

Dr Keyworth said that the original 
missions of United States national labor- 
atories are frequently outdated, and that 
the ‘‘many billions of dollars” they receive 
from the federal government are not all 
used to ‘‘further fundamental knowledge 
or to address technologies pertinent to our 
national goals’’. He said that the labor- 
atories have been ‘‘subject only super- 
ficially to external review” and that their 
missions had only rarely been reexamined. 

Yet, according to Dr Keyworth, the 
national laboratories have a logical role as 
centres for cooperative research involving 





New White House science count 


The military connection is also Hlustrated 
by the links which several members have 
with the Department of Energy’s Los 
Alamos National Laboratory in New 
Mexico, where Dr Keyworth spent most of 
his professional career as a physicist before 
going to Washington last May. a 

Dr Harold Agnew, for example, was. E: 
member of the original Manhattan Project 
team that worked on the atomic bombat- 
Los Alamos. He joined the laboratory in 
1942, became a director in 1970, and leftto 
become president of Genes Atomic in” 
1978. : 

Dr Edward Teller, now emeritus profes- 
sor of physics at the University. of. 
California and widely known: as “theo 
father of the hydrogen bomb’’, also 
worked at Los Alamos between 1943 and 
1946, and acted as assistant director of the 
laboratory between 1949 and 1983. Dr 
George Cowan, a senior fellow at. the 
laboratory, is aradiochemist specializingin. — 
nuclear reactions who, like Teller, worked 
at the University of Chicago before moving.. 
to Los Alamos in 1949, 

According to a formal notice which: 
appeared in last Thursday’s edition of the 
Federal Register, the council will have a 


universities and could even help to make 
good shortages of teachers of engineering — 
and computer science. He also wants the. 
national laboratories to help reduce the 
present ‘‘unacceptably high resistance” to 
the application of research. 

For the rest, Dr Keyworth gave his some- 
what bemused audience a self-congratu- 
latory account of how research and 
development, and federal support for basic 
research in particular, were second only to 
defence in the protection they had enjoyed 
in the two Reagan budgets. Nevertheless, 
he said, the scientific community would 
have to accept a greater degree of dis- 
crimination — and more responsibility for ~ 
making discriminatory judgements. - 

On international collaboration, Dro 
Keyworth said that the United States had — 
come to realize the limitations of what it 
could accomplish on its own, and the 
opportunities for collaboration with 
Europe and Japan. He thought that the 
next generation of high-energy accelerators 
would have to be built collaboratively, and 
that there were already opportunities for 
broadening the base of thermonuclear 
research programmes, at present too. 
exclusively dependent on tokamak designs. 

Although Dr Keyworth did at one point 
emphasize that he was not to be mistaken 
for Mr David Stockman, director of the 
Office of Management and Budget, he left 
many of his audience with the impression 
of a man still preoccupied with the small 
print of resource allocation. o 
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maximum of fifteen members, and will 
hold regular meetings up to six times a year. 
Some of the council’s discussions may take 
place in public, since Dr Keyworth has said 
that he will comply with the requirements 
of the Federal Advisory Committee Act, 
which requires federal advisory 
committees to hold open meetings unless 
there is a specific reason that the meeting 
should be closed. 

In addition to the members of the 
council, OSTP is compiling a list of about 
100 other outside consultants from the 
scientific and industrial community who 
are expected to be called upon on an ad hoc 
basis to carry out specific studies. 

Although both the apparent ‘‘military- 
industrial’’ bias, and the lack of social 
scientists —— and women —— have already 
received a certain amount of comment in 
the scientific community, reaction to the 
announcement of the new council has 
generally been favourable. 

Mr William Golden, a New York banker 
who is treasurer of the American 
Association for the Advancement of 
Science, said last week that although the 
Science Council was ‘‘not as good as a 
presidentially-appointed group would 
be’’, it was better than none. He added that 
the individual members of the council were 
‘*first class”, and that the new council 
should help strengthen Dr Keyworth’s 
standing in the White House, since at 
present he was ‘‘not very high on the totem 
pole’’. David Dickson 


Council’s members 


Solomon J. Buchsbaum (chairman). 
Executive vice-president, Bell 
Laboratories l 

Edward Frieman (vice-chairman). Vice- 
president, Science Applications Inc. 

| Harold M. Agnew. President, General 
Atomic Company 

John Bardeen. Emeritus Professor of 
Electrical Engineering and Physics, 
University of Illinois, Urbana 

D. Allan Bromiley, Henry Ford II Pro- 
fessor of Physics, Yale University 

| George A. Cowan. Laboratory Senior 
| Fellow, Los Alamos National 
Laboratory 

Edward E. David. President, Exxon Re- 
search and Engineering Company 

Donald S. Fredrickson. Fellow-in- 
residence, National Academy of 
Sciences 

Paul E. Gray. President, Massachusetts 
Institute of Technology 

Robert O. Hunter Jr. President, 
Western Research Company 
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Turkish civil rights 


Trials ahead 


Dr Yeter Ogelman, a Turkish specialist 
in thermoluminescence and a lecturer in 
physics at Cukorova University, Adana, 
until her arrest and imprisonment on 16 
May 1981, has now been released on bail. 
Her trial for helping to organize a women’s 
rights group between 1975 and 1977 will, 
however, be resumed on 10 March. The 
prosecution is asking for a prison sentence 
of between 8 and 15 years. 

Dr Ogelman’s plight was exemplified 
some weeks ago when an article submitted 
for publication in Nature recorded her 
change of address and relocation in prison. 
The article will be published very shortly. 

According to the Turkish authorities, Dr 
Ogelman’s arrest and prosecution fall 
under the terms of article 141 of the 
Turkish criminal code. This lays down that 
those administering societies ‘‘with the 
purpose of establishing domination of a 
social class or overthrowing any of the 
established basic economic or social orders 
of the country shall be punished by heavy 
imprisonment from eight to fifteen years’’. 

The code has already been used to ban 
the Turkish communist party. However, 
Dr Ogelman protests that, contrary to the 
authorities’ accusations, neither she nor 
the ‘‘Progressive Women’s Organization’’ 
was associated with the communist party. 
She says the women’s organization was 
formed to campaign for women’s rights 
and for improved education for women in 
Turkey. 

Amnesty International has taken up Dr 
Ogelman’s case, and says that her arrest 
contravenes the European Convention of 
Human Rights, of which Turkey is a 
signatory. That convention guarantees the 
right to freedom of expression and of 
association with others, although those 
rights may be prescribed by law ‘‘in the 
interests of national security or public 
safety”. The Turkish authorities have 
denied that Dr Ogelman’s arrest 
contravenes the convention. 

Dr Ogelman was one of more than 170 
people brought before the courts on 15 
January, and was one of the lucky fifteen 
released on bail. Most of those on trial were 
allegedly members of the left-wing school- 
teachers’ association. Teachers’ unions 
were banned nearly ten years ago, while the 
association was banned after General 
Evren’s coup in 1980. 

A number of academics have been 
arrested since the coup, and Amnesty 
International is unsure of their fate. A 
more general worry facing Turkish higher 
education is the bill announced last 
November that will further circumscribe 
university autonomy — for example, by 


giving the state control of senior appoint- 


ments. The government’s stated intention 
is to reduce the universities’ tendency to act 
as foci for political disruption and 
violence. Philip Campbell 


European Space Agency 


Peace declared 

There is a new cheerfulness among the 
delegates to the European Space Agency 
(ESA). One sign of this, at last week’s 
council meeting, is that the member 
governments have agreed on a resource 
budget for the next five years. The practical 
result is that it should now be possible to 
settie the annual science budget without 
waiting for unanimous agreement. 

The council agreed to maintain the 
mandatory budget, which covers both 
science and the agency’s basic running 
costs, at more or less its present level. 
Hence about 900 million accounting units 
(£540 million) will be spent over the next 
five years. But the director-general has 
promised to shift the balance in favour of 
science by making savings on the agency’s 
overheads and by diverting interest earned 
on capital into the science programme. 
During the next three or four years, the 
science budget is expected to increase by 
about three per cent in real terms. 

The increase is unlikely to make a sub- 
stantial difference to the scientific 
community, which typically has to wait up 
to ten years for a particular kind of 
satellite. But the extra money may help 
ESA out of some of its difficulties. 

The council’s agreement is nevertheless 
something of an achievement. The level of 
the science budget has been hotly disputed 
for at least the past year, with some 
member states struggling to maintain their 
existing commitments and others, in 
particular France and Germany, arguing 
forcefully for a substantial increase. At the 
end of last year, agreement seemed beyond 
reach, largely because of Germany’s wish 
to spend 20 per cent more on science after 
1983. That would have involved all other 
member states increasing their contribu- 
tions proportionately. In the event, 
Germany agreed to the five-year resource 
level with the proviso that discussions on 
the level of the science budget start again in 
1984. 

Last week’s council meeting was notable 
for the formal announcement that Britain 
has joined the Ariane launcher programme 
as a fully-fledged member. Until now, 
Britain has contributed just over 2 per cent 
of Ariane’s development costs through a 
bilateral agreement with France. The 
decision to contribute 3.5 per cent of the 
cost and toenter the programme proper isa 
recognition of the early promise of Ariane 
-~ and also of the diplomatic need to 
participate in other member’ projects. 

The quarrels of early last year seem thus 
to have receded. Then the British 
hankering after telecommunications and 
the French after the development of 
launchers polarized discussion of a ten- 
year plan for the agency proposed by Erik 
Quistgaard, the new director-general. The 
agency then had insufficient new 
applications programmes to fill the gap left 
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when Ariane and Spacelab end 
development. During the past year, 
however, things have changed. Several new 
programmes have been approved including 
Ariane IV, the next stage of Ariane 
development; a Spacelab follow-on pro- 
gramme; L-sat, the heavy telecom- 
munication satellite; and a microgravity 
programme. Pressure of work has 
taken precedence over the ten-year plan. 
But when the delegates next turn to the 
long-term strategy they may well find that 
the events of the past year have ironed out 
some of their earlier differences. 

Judy Redfearn 


Agricultural Research Council 


Cuts tempered 


The Agricultural Research Council. is 
having second thoughts about its intended 
reorganization of agricultural research. 
The livestock industry may have persuaded 
the council to cut the Animal Breeding 
Research Organization at Edinburgh by a 
half, not four-fifths as originally intended. 
But the proposal to halve the cost of the 
Long Ashton Research Station at Bristol is 





Spain back to fold 


The European Centre for Nuclear 
Physics (CERN) near Geneva has been 
in a pleasant spin for the past few weeks 
deciding how to react to an advance 
from the Spanish government. Spain 
wishes to rejoin (after a brief 
membership between 1961 and 1968) 
but there are few people at CERN who 
remember how such things are done. 
In fact the last time a country joined 
CERN was 21 years ago, when the new 
adherent was Spain again. But they 
were early days for CERN, which is now 
an enormous institution with some 
6,000 researchers and staff, massive 
experimental facilities for elementary 
particle physics and a £177 million 
annual budget to match. No official 
figures are available yet, but accession 
could cost Spain of the order of £10 
‘million a year, something approaching 
= | a quarter of the present Spanish science 
budget. 
© The precise price which Spain must 
pay will be a matter for negotiation. 
| Although members must pay in 
proportion to their gross national 
product, and Spain’s is moderately 
high, it might be possible to negotiate 
step-by-step entry. However, all 12 
members of the CERN council must 
agree to the terms, and there is an 
argument that Spain should pay entry 
fee in addition to the annual rate, to 
| account for the fact that it will become 
part owner of the CERN accelerators. 
The lawyers are working on that, a 
spokesman said this week. 
Robert Walgate 
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to stand. The future of the two stations was 
the topic of a meeting last week between the 
council and representatives of the 
laboratories; final decisions will be taken at 
the end of March. 

If the Edinburgh institute is partly 
reprieved, other council institutes will be 
on their guard. The council had hoped to 
save £3 million on its budget for 1983-84 by 
economies at the two establishments. Now, 
it will be £1 million short of its targets, and 
a call has gone to other institutes for self- 
imposed economies. 

With the next financial year upon it, the 
council seems just now especially anxious 
to protect its interests in academic 


research. Last year, central government 


provided for only a 6 per ceni rise on the 
wages bill but salaries rose by 7.5 per cent, 
leaving a shortfall of £0.8 million. As the 
council spends 95 per cent of its budget in 
its own institutes and units, and two-thirds 
of that on salaries, research budgets 
became unacceptably squeezed. 

The council expects a more intense 
squeeze in coming years and fears a 
shortfall of £3-6 million in 1984-85. As 
grants to researchers in universities are to 
be protected and even increased, savings 
are being sought in institutes. 

The council has nevertheless set its face 
against closing any institute that relies on 
commissions from the agriculture minis- 
tries for more than half its income. Other 
criteria used to decide which institutes to 
cut include the level of recent capital 
expenditure, future needs for facilities, 
overhead costs and the chances of 
successfully transferring work. 

The proposal to cut the Animal Breeding 
Research Organization was based largely 
on internal assessments that had 
questioned the value of long-term animal 
breeding experiments. Originally, the 
council proposed to reduce the 
organization to only fundamental work, in 
particular on animal genetics. 
Representations from the livestock 
industry, however, seem to have rescued 
some breeding experiments, and the cattle 
blood-typing service may also now be 
retained. 

Research on fruit is over-subscribed due 
to historical accident, according to the 
council — hence its decision to abandon 
pomology (apple-work) at Long Ashton 
and to transfer other work to the East 
Malling Research Station. Representations 
from strawberry, plum and mutant-apple 
growers, however, will now probably 
ensure some provision for research in these 
areas. 

The council estimates that it will lose 
£0.5~1 million earned from ministry 
commissions. Other costs of the closures, 
including redundancy payments to 
approximately 220 staff, will initially 
increase the burden on the council’s 
income. But much will depend on how 
many staff required to be mobile under the 
terms of their contracts can be redeployed 
in other institutes. Judy Redfearn 


Polish universities ° 


Trouble in store 


Further clashes between Polish 
university students and the representatives 
of the ruling Military Council for National 
Salvation are feared in the near future, 
according to a Warsaw Radio broadcast 
last Sunday. In one of the regular morning 
briefings on the state of the country, an 
unidentified speaker said that classes have 
resumed just when the anniversary of the . 
‘so-called March events” is approaching. _ 

The speaker was referring to the 
expulsion on political grounds of two. 
Warsaw university students, by a decision 
of the then Minister of Education.and _ 
Enlightenment, now president, Henryk. 
Jablonski (5 March 1968). Three days later, 
a mass protest was held in the university 
grounds, claiming that the expulsion was. - 
contrary to university regulations since it 
had not been made by the rector. The 
students and some sympathetic academics 
were forcibly dispersed, but the incident 
triggered similar protests at universities 
throughout Poland — and ultimately 
resulted in mass dismissals and expulsions 
of students and staff, and the closure of 
several university departments. 

Last year, the March anniversary. was 
marked by a rally of students and 
academics in Warsaw, and by the formal 
rehabilitation of the ‘victims of 1968’, 
including the philosopher, Dr Leszek. 
Kolakowski. Even in the relatively liberal 
climate of 1981, the commemorations did 
not take place unopposed; the new 
‘Grunwald Patriotic Association” was set 
up to hold a counter-meeting to praise 
government action in 1968. 

Last Sunday’s broadcast pinpointed 
growing official fears that young people 
have not yet accepted the changed situation 
in Poland and, in particular, the outlawing 
of the Independent Students Association 
(NZS). Formally, all protests are attributed 
to manipulation by hostile elements and | 
political provocateurs. A government Ae 
leaflet addressed to young people urges 
them not to be duped into involving the 
country in a civil war which would be a 
“tragedy for millions”. There are hints in 
the media of attempts to defuse the tense- 
situation by suggesting that all is not lost. 
An article in the daily Zycie Warszawy on 
the reopening of the University of Warsaw 
said that so far, no student had been 
expelled as a result of martial law — not 
even those at present interned. At the same. 
time, the danger of taking part in demon- 
strations is stressed; a Gdansk commentator 
noted that those students arrested in the 
demonstration of 30 January would “‘haveto 
say goodbye to their studies, at least for some 
considerable time’’. 

Significantly, the announced agenda for 
the session of the Sejm (parliament), next 
Friday and Saturday, makes no mention of 
the new higher education bill. 





Vera Rich 
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US student loans 


Lean prospects 


Washington 

Students from across the United States 
are planning to converge on Washington 
next Monday for a mass demonstration on 
Capitol Hill against cuts proposed in 
federal support for student loans. The 
demonstration is part of an_ intense, 
nationwide lobbying campaign by both 
students and university administrators 
aimed at persuading Congress to reject the 
Reagan Administration’s cuts. 

The Administration points to the 
escalating costs of the loan support pro- 
gramme, largely a result of recent increases 
in US interest rates to record high levels, 
and is seeking to reduce federal subsidies 
from an estimated $3,000 million in 1980 to 
$1,600 million by 1983. 

Graduate students will be among those 
heavily affected by the cuts. Under the 
government's Guaranteed Student Loan 
(GSL) programme, graduates qualify for 
loans at a fixed 9 per cent interest rate; 
under new proposals from the Department 
of Education, they would now be allowed 
to borrow only from an auxiliary loan 
programme at significantly higher costs, 
with an interest rate of 14 per cent. 

The result, according to figures prepared 
by the American Council on Education 
(ACE), is that a student who borrows 
$8,000 a year on top of previous 
undergraduate loans to make his or her way 
through graduate school could be paying 
off the money at a rate of about $500 a 
month for the succeeding ten years. 

The presidents of almost all the nation’s 
universities and colleges have loudly 
denounced the proposed cuts, claiming 
that by discouraging students from enter- 
ing graduate training unless their sources of 
income are secure, the Administration is 
discriminating against groups who lack this 
security and undermining the long-term 
economic health of the nation. 

Many feel that they had accepted last 
year’s 20-25 per cent cuts in student loan 
support as their appropriate share of 
broader efforts to reduce federal spending. 
The new cuts, which in some cases would 
reduce federal subsidies by up to 50 per 
cent, have provoked the feeling that 
students are being asked to carry an unfair 
burden of Mr Reagan’s economic policies. 

The Reagan Administration’s proposals 
are a mixture of economic pragmatism and 
ideological conviction that federal 
subsidies should be confined to the ‘‘truly 
needy”. At present, under the GSL 
programme the government pays the 9 per 
cent interest on loans for both under- 
graduate and graduate students while they 
are at college, and also pays the difference 
between 9 per cent and the current interest 
rate for the remaining period of the loan. 

Mr Terrel H. Bell, the Education 
Secretary, said in Washington soon after 
the budget proposals were announced that, 
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as a result of soaring interest rates, the cost 
of administering the guaranteed loans, 
$367 million in 1977, is expected to rise to 
$3,400 million in 1983. 

Reducing the eligibility requirements for 
the guaranteed loans and shifting the 
graduate students to the auxiliary loan pro- 
gramme would, claims the Administration, 
not only ensure that the available loans go 
to those most in need, but that the total 
costs to the federal government would be 
decreased by more than $2,000 million by 
1987. 

Many of the leading research univer- 
sities, however, claim that such cuts would 
have a devastating impact. Dr Edward J. 
Bloustein, president of Rutgers Univesity 
in New Jersey, believes they would 
eliminate more than $12 million in aid 
received by about half of the 4,000 
graduate students at his university. 

According to figures produced by ACE, 
about 600,000 graduate students — half of 
those at present enrolled in US universities 
— are borrowing money under the GSL 
programme, in many cases close to the limit 
of $5,000 a year. At some of the nation’s 


leading private research universities, the 
cost of graduate education, including 
living and tuition expenses, can be as much 
as $13,000 a year and university officials 
argue that, if they are forced to seek the 
more expensive loans, many students will 
either give up or delay their graduate 
education. 

Given the extent of popular support for 
the student loan programme, the proposed 
reductions are expected to be strongly 
opposed by Congress. _ 

In their defence, Administration officials 
reply that the present loan programme 
‘““encourages students to borrow regardless 
of financial need from their first year at 
school and can needlessly cause students to 
amass high levels of debt’? which in turn 
allows ‘‘decreased reliance on family 
Savings and student work’’. They also 
point to other initiatives, such as the efforts 
by the National Science Foundation to 
support graduate students in science and 
engineering, as proof that the government 
is prepared to continue support where it 
feels it to be necessary and appropriate. 

David Dickson 





Indian Antarctic expedition 


Going for good 
New Delhi 

The Indian government, which sent its 
first expedition to Antarctica last month, is 
now actively considering the establishment 
of a permanent Antarctic base by 1985 or 
even earlier. Until then, the government 
intends to operate an unmanned weather 
station that will be linked via the polar Sun- 
synchronous satellite that India hopes to 


N 





launch next year. The automatic solar 
powered weather station left behind by the 
recent expedition team will function for six 
months. It will be replaced in October, 
when it is hoped that a second team will 
arrive for a three-month stay. 

Plans are also under way to set up an 
Antarctic Research Centre in India for 
training manpower, developing research 
programmes and working out the logistics 
of base support with the help of air force 
planes. The Department of Ocean 
Development is also planning to buy a ship 
for Antarctic work. One vessel under 
consideration is the 3,600 tonne HMS 
Endurance, the British Antarctic patrol 
ship, now for sale at a price of £1.5 million. 

There are several reasons for India’s 
new-found interest in Antarctica. 
Politically India does not want to be left 
behind China, which is planning to set up a 


manned station this year. The Antarctic 
programme is also considered essential to 
raise India’s prestige among littoral states 
and to give it more weight in international 
forums on Indian Ocean affairs. 
Although many of the Antarctic treaty 
powers have welcomed India to their club, 
India does not intend to sign the treaty 
immediately. It is, however, likely to stake 
territorial claims if the treaty members do 
not adopt the common heritage principle. 
The Indian expedition was not 
advertised in advance for fear of adverse 





reactions from Antarctic treaty members. 
But, as it turned out, the reaction was quite 
favourable. The Indian team on board the 
chartered Norwegian ship Polarsirke/ not 
only received weather reports from bases in 
Antarctica but also navigational help from 
the Japanese icebreaker Fuji. 

The 21-member team led by Dr S. Z. 
Qasim landed on 9 January at a location 
70° 3'S and 40° 7'E — an abandoned 
Soviet campsite. The Indians named the 
place ‘‘Dakshin (South) Gangotri’’. 
(Gangotri is the source of the River Ganges 
in the Himalayas.) The team left Antarctica 
after camping for 10 days, bringing back a 
tonne of rocks, several samples of ice and 
aerosols. One notable observation by the 
team was an unrecorded undersea mount in 
the Indian Ocean which has now been 
named Mt Indira after the Indian Prime 
Minister. K.S. Jayaraman 
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Acid rain 


Swedes persist 
Brussels 

» Sweden is yet again to hold a major 
ministerial conference in an attempt to per- 
suade its European neighbours to take the 
country’s acid rain problem seriously. In 
June a two-week conference is to be held 
in Stockholm attended by 15 environment 
ministers from East and West — the sole 
country not being represented at a mini- 
sterial level being the United Kingdom. The 
first week of the conference will be devoted 
to examining the scientific evidence, and a 
political debate will follow. 

It will be hard to separate science from 
politics. Many of the political arguments 
rely on demonstrating convincingly the 
direct link between sulphur dioxide 
emissions from the coal and oil burning in- 
dustrial centres in Europe and the increase 
in the acidity and the presence of heavy 
metals in surface water in Scandinavia. 

At a recent meeting in Brussels, organ- 
ized by the European Environmental 
Bureau, many experts admitted that 
nobody was entirely clear about the precise 





mechanism between the cause and effect of 
acid rain. The evidence was there, though, 
to show that dramatic changes have taken 
place in the forests and lakes of 
Scandinavia even in the past two years. 
Research is now revealing evidence that 
sulphur dioxide emissions may also be 
linked to acidity in fresh water in Belgium 
and damage to forests in Germany. 

While much of continental Europe is far 
richer in limestone than Scandinavia and is, 
therefore, less vulnerable to increases in the 
acidity of fresh water, the effect of the acid 
precipitation is nonetheless becoming 
apparent. The problem, the environ- 
mentalists argue is not just a Scandinavian 
one, and is already too serious to allow 
scientists the luxury of building up 
irrefutable evidence about the mechanisms 
involved before action is taken. 

The political and economic opposition 
facing the Swedes seem unsurmountable. 
Eastern Europe is the source of much of the 
pollution — notably East Germany and 
Czechoslovakia. Each provides per capita 
sulphur emissions of more than 100 kg per 
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year, well above that from West European 
states. The poor economic situation and 
energy problems of Comecon countries 
make it unlikely that they would consider 
investing money in costly anti-pollution 
equipment. 

The 1979 Geneva Convention on long- 
range transboundary air pollution merely 
binds signatory states to “‘using the best 
available technology which is economically 
feasible”. The Geneva Convention is still 
not in force, although 34 countries have 
initialled it. In the European Community. 
Greece, Belgium and Italy have so far 
failed to ratify. 

Sweden’s attempts to create the political 
momentum needed for change include the 
UN conference in Stockholm in 1972, the 
Helsinki meeting in 1975 and last year’s 
acid rain conference in Gothenburg, but 
these initiatives have so far produced few 
concrete actions. Despite the ammunition 
provided by a study by the Organization 
for Economic Cooperation and 
Development, the European Commission 
has also remained far from convinced that 
there is a need to do anything more than 
monitor the situation. Many member 
states, like the United Kingdom, remain 
openly sceptical about the cause and effect 
of acid rain. Jasper Becker 


Dutch elm disease 


Northern drift 


The British battle against Dutch elm 
disease has been virtually lost in the south 
of England and Wales, while the chances 
of success in northern Britain are slim, 
according to last week’s annual review of 
the state of the disease by the Forestry 
Commission. In the south, perhaps 20 
million of an estimated 29 million elm trees 
have been killed. And tn the north, where 
beetles of the Scolytidae family have 
already crossed the north-south divide, the 
fight against the fungus carried by the 
beetle seems likely to be hampered by 
straitened local authority budgets. 

The battle strategy recommended for the 
north of England is one which has failed in 
the south: sanitation felling. The objective 
is to cut down trees infected with the fungus 
Ceratocystis ulmi at an early stage and to 
burn the bark. The Forestry Commission 
holds out little hope for alternative control 
strategies now being tested — the “‘tree 
trap” technique that uses cacodylic acid (a 
tree-killing herbicide) to attract the beetles, 
artificial pheromones in conjunction with 
sticky traps and the fungicide Ceratotect, 
which can cure lightly infected elms. These 
techniques, the commission says, are only 
supplementary to sanitation felling, and 
are expensive. 

So the labour-intensive technique of 
sanitation felling is recommended to con- 
tinue in lightly affected areas. But local 
authorities must decide on what scale to 
battle. While control over the movement of 
elm wood is maintained by the Forestry 


Commission, the decision to divegt funds 
to a felling campaign rests entirely with 
local authorities. | 

Where the elm population is isolated, 
active sanitation has proved highly effec-. 
tive. East Sussex County Council began its 
campaign in 1973, when signs of the disease 
first showed. Losses there have declined 
since 1979 and the worst may well be over. 
In Brighton, the casualty rate is down to 10 
per cent. An important factor inthe success 
of the campaign here was luck. The region. 
is isolated and a good distance from the 
sources of infection — the docks of- 
London, Bristol and the south. The council: 
sees no reason to give up its campaign, and 
its budget for 1982 — £97,000 — will also” 
cover planting costs. | 

East Sussex, however, is only a small 
pocket on a map of devastation. 
Authorities in the western counties have 
long since given up the fight and the area, 
with its dead elms and broken stumps, is 
described as looking like the Somme 65 
years ago. The area to the north of Mersey- 
side and the Wash, where conditions and 
species of elm are different, is described as 
‘lightly affected”, with as few as one per- 
cent of elms lost each year. But the 5 
million elms in the north of England, 
mostly wych elm (Ulmus glabra) have an 
important amenity value and constitute 10. 
per cent of total northern tree population. 
A majority of local authorities in the 
border regions of Scotland and northern 
England have ceased to exercise their 
powers of direct felling, some as long agoas 
1977. 

The problem is twofold. Once the 
disease takes hold, it is impossible to 
eradicate. Moreover, the elm bark beetle is 
no respector of regional boundaries and so 
far local authority programmes have been 
piecemeal. But the cost of sanitation felling 
falls entirely on local authority funds. Until 
1979, the Countryside Commission for 
England and Wales supported local 
programmes, but has now been told that 
there is no prospect of diverting any 
substantial part of its funds to assist felling 
campaigns. 


~ Support from central government has 


been equally unforthcoming. The 
Department of the Environment has its 
eyes set firmly over the horizon and 
describes the present problem as being on a 
“back burner’’, pointing to the Tree 
Council as the body maintaining a 
watching brief. The Tree Council, 
however, has been wholly independent,. 
financially as well as administratively, 
since 1978. Hope for the future, as far as 
the Department of the Environment is con- 
cerned, lies in the development of elms 
resistant to the disease. Japanese elms are 
being planted in the royal parks. 

The irony is that in seeking to avoid 
present costs, local authorities may well 
incur higher future costs. Merseyside 
County Council is having to spend nearly 
£250,000 to fell dead and dying elms that 
posea danger to public safety. Jane Wynn 
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Coal as Britain’s security 


From the Chairman of the National Coal Board 


SiR — Your uncustomarily superficial and 
misleading article (21 January 1982, p.177) 
accuses the National Coal Board and the 
Government of being ‘‘in collusion to make 
water run uphill’. 

What, in fact, the NCB, the trade unions 
and the Government are jointly involved in is 
to ensure the security of future energy supplies 
for Britain by developing new and 
reconstructed collieries so that sufficient coal 
continues to flow to power stations, industry 
and homes and the country can continue, 
progressively, to diminish its dependence on 
oil, 

Throughout the 1960s the coal industry was 
starved of capital when the policy of successive 
governments was to rely on plentiful supplies 
of cheap Middle East oil. Since the Middle 
East crisis of 1973-74 which changed that 
shortsighted strategy, investment in new and 
replacement mining capacity — essential to 
ensure continuity of production in an 
extractive industry like coalmining — has 
totalled £3 billion and continues at the level of 
more than £700 million per year. Because it 
takes about 10 years to develop a major new 
colliery, there is an obvious short-term 
financial burden of meeting heavy interest 
charges before coal production begins. That is 
one of the main problems the coal industry 
faces today and it is the legacy of earlier years 
of strategic neglect. 

Your article scarcely recognizes the 
industry’s considerable achievements. The coal 
we supply today is about two-thirds the price 
of oil and meets nearly 40 per cent of Britain's 
entire energy needs. Productivity in 1981-82 
has so far risen by 5 per cent at the coal face 
and more than 3 per cent overall. After a 
previous period of decline, output at long-life 
collieries has increased by more than 7 million 
tonnes in the past three years. Exports have 
doubled for the third year running, and will 
reach about 10 million tonnes of coal and 
coke, which — with the addition of machinery 
exports by the manufacturing companies and 
mining consultancy services — will earn for 
Britain over £500 million in foreign currency. 

Particularly in these times of continuing 
recession the British economy benefits from 
major purchases of goods and services from 
the National Coal Board ~- totalling £983 
million in 1980-81 and having an overseas 
content of only £26 million (2.6 per cent). 

It is astonishing to find you now repeating 
the same question that was asked in the 1960s 
of whether Britain needs a coal industry. An 
independent answer was recently given by the 
report of the Commission on Energy and the 
Environment which supported the coal 
indsutry’s continuing large-scale investment. 
The Commission, whose chairman was Lord 
Flowers, stated that: ‘In both the energy and 
the environmental interest, we consider that 
greater stability of long-term planning is the 
essential pre-condition of successful 
modernization of the industry’. 

The Commission’s conclusions on coal 
imports will also interest your readers: “We 
believe that most western governments will 





continue to find it sensible to favour 
indigenous coal supplies, and to be unwilling 
to jeopardize sensible long-run developments 
by allowing customers to play the market by 
allowing short bursts of low-cost imports of 
coal during temporary recessions. Most 
importantly, we recognize the social 
unacceptability of repeating in the last decades 
of the century the sequence of creation and 
then destruction of mining communities.” 


DEREK EZRA 


National Coai Board, 
London SWI, UK 


Commercial risk 


Sik — There is surprisingly little discussion 
about the ways in which the practice of the 
biological sciences is changing as a result of 
the massive commercial investment in 
biotechnology. While some, like myself, may 
find the growing commercialization of 
bioscience depressing, there seems little one 
can do to stop its spread. But there is one 
aspect of the process that is an outrage, and 
bioscientisis and the public agencies that fund 
them should unite to prevent its continuing. 

increasing numbers of scientists are giving 
their moneclonal-antibody-producing 
hybridoma cell lines to commercial companies 
and are then refusing to provide the antibodies 
and/or the cells to their colleagues. It can be 
argued that by relieving scientists of the time- 
consuming task of sending materials around 
the world, commercial distribution aids rather 
than hinders the distribution process. But in 
many cases the cell lines themselves are not 
made available and the cost of the antibodies 
is prohibitive if they are needed in large 
amounts. 

The withholding of cells and antibodies for 
financial gain (or even worse, for selfish 
scientific advantage) is especially outrageous 
when these have been developed using public 
funds. Since it is the granting agencies that 
must ultimately pay for reagents that would 
otherwise be free and must endure the slowed 
pace of scientific advance resulting from the 
restricted exchange of materials, they should 
be leading the fight against such anti-science 
practices. Instead, it has been left to a few 
enlightened journals, such as Cell and 
immunogenetics, to take up the cause and 
make free availability of cell (and DNA) 
clones and antibodies a condition of 
publication. Is it not time that the granting 
agencies followed suit and made free 
availability a condition of financial support? 

The American Type Culture Collection was. 
set up to provide a free cell banking and 
distribution service and has recently taken over 
the cell bank previously located at the Salk 
Institute, which contains a number of 
monoclonal-antibody-producing hybridomas. 
it would be helpful if this admirable facility 
were extended to include the distribution of 
those DNA clones and antibodies that are in 
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especially heavy demand. There could then be 
no legitimate excuse for scientists not making 
their clones and antibodies freely available to 
their colleagues. 

Free exchange between scientists is too 
important to be given up without a struggle. 
Without it, not only is efficiency sacrificed, 
but much of the joy of science will be lost as 
well. 

MARTIN RAFF 
Zoology Department, 
University College London, 
London, UK 


Spacecraft in orbit 


Sik — The suggestion put forward by David 
Hughes! that the number of objects in near- 
Earth orbit has recently been decreasing, thus 
lowering the probability of spacecraft 
collisions, is seriously outdated. The data he 
presents, which stop at the end of 1980, show 
a small decrease in the number of objects in 
orbit from a peak in early 1978 until the end of 
1980, However, during 1981 the number of 
objects in orbit rose rapidly, to an all-time 
high of 4,740 objects in October 1981 (NASA 
Satellite Situation Reports), From December 
1980 to October 1981 the net increase of 
objects in orbit was 319. Most of these new 
objects resulted from two events. Early in 
1981, 137 new objects associated with the US 
Landsat 3 satellite, launched in 1978, were 
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detected. If this is another case of an 
exploding rocket motor, it indicates that the 
problem may not yet be solved. Another 118 
objects associated with the USSR’s Cosmos 
1275 were identified shortly after its 4 June 
1981 launch. If this rate of increase of objects 
in orbit continues, the first collision between 
satellites would be expected in the next 10-15 
years according to calculations by Kessler and 
Cour-Palais?. A reversal of this trend is 
required to prevent a serious hazard to 
orbiting satellites in the twenty-first century. 


GEORGE J. FLYNN 
Washington University, 
Missouri, USA 


1. Hughes, D.W. Nature 295, 100 (1982). 
2. Kessler, D.J. & Cour-Palais, B.G, J. geophys. Res. & 
2637 (1978). 
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Whence so much °N? 


AN intriguing puzzle is emerging in 
cosmochemistry about the isotopic 
composition of nitrogen in the mixture of 
gas and dust from which the Solar System 
formed. Recent analyses of meteorite and 
lunar samples reveal enormous variations 
in the ratio of the stable nitrogen isotopes, 
UN and '4N. The question at issue is 
whether the variations are due to nuclear 
processes in the Solar System, mass- 
dependent isotopic fractionation or mixing 
of ‘solar’ nitrogen with one or more alien 
components — material that has 
experienced different nucleosynthetic pro- 
cessing from the bulk of Solar System 
matter. Addition of alien material at levels 
up to about 5% is already well established 
from meteorite analyses'; but the nitrogen 
data, if the result of nucleosynthetic 
heterogeneity, could imply much greater 
levels of alien additions. 

Observational data bearing on this issue 
are numerous and come from a wide 
variety of sources; a conrprehensive review 
by Geiss and Bochsler will be published 
shortly*. I shall focus here on models 
advanced to account for those data, 
addressing specifically the value of proto- 
solar N/N inherent in each model. 
Isotopic components will be identified by 

< their percentage depletion or enrichment in 
SN relative to the terrestrial atmospheric 
standard value, © N/'4N = 3.66 x 10°. 

Geiss and Bochsler* propose that the 
dominant nitrogen component in the 
protosolar. nebula had a value of + 12%; 
virtually all natural samples could then be 
explained by admixture of a minor 
iSN-depleted alien component, possibly 
pure '4N. Occasional meteorites, such as 
Renazzo and Al Rais, with values up to 
+ 17%, are interpreted as containing inter- 
stellar molecules enriched in ÝN by ion- 
molecule reactions at temperatures below 
100K in molecular clouds. Such reactions 
have been identified as the causes of the 
enormous fractionations observed for the 
hydrogen isotopes in interstellar molecular 
clouds, but little corresponding astro- 
physical evidence exists for nitrogen and it 
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from John F. Kerridge 


is debatable whether adequate ionization 
of nitrogen-bearing species occurs in the 
interstellar medium. The secular increase 
from <-21% to +12% observed in 
nitrogen trapped during the past 3—4 Gyr in 
lunar surface samples is ascribed to mixing 
of solar wind characterized by a constant 
nitrogen value of + 12% with an outgassed 
lunar component rich in alien '4N, whose 
mixing ratio decreased with time. There is 
strong evidence from the analysis of lunar 
samples, however, against the presence of 
such a hypothetical non-solar wind 
nitrogen component, and, furthermore, 
indigenous lunar nitrogen appears to have 
a composition close to zero rather than 
<-21% as predicted. 

A recent analysis of nitrogen in the 
Allende carbonaceous meteorite, by 
Thiemens and Clayton’, has been 
interpreted in terms of a major protosolar 
value of -3% and a minor alien component 
of ~-9%. A -3% component is also 
observed in meteorites known as enstatite 
chondrites, which many believe to contain 
nitrogen condensed directly from the 
nebula at relatively high temperatures with 
minimal isotopic fractionation. It must be 
stressed, however, that no host phase for 
nitrogen in any meteorite has been firmly 
identified with relict nebular material, so 
the possibility of secondary fractionation is 
always present. The alien nature of the 
-9% component is supported by 
correlations with an alien xenon 
component recently identified by Frick and 
Pepin’. Thiemens and Clayton interpret 
meteoritic values up to about + 4% as due 
to mass fractionation curing nebular 
condensation, and the <-21% lunar value 
as due to fractionation of the -3% 
component in an early solar wind. The 
apparent secular increase recorded by the 
lunar surface samples is ascribed to nuclear 
reactions, that is, production of © N, in the 





John F. Kerridge is in the Institute of 
Geophysics and Planetary Physics, University 
of California, Los Angeles, California 90024. 


solar wind reservoir. Problems concerning 
production of '*N in the Sun will be 
discussed later; specific difficulties of the 
Thiemens and Clayton model are its failure 
to account for for the +17% meteoritic 
values and the lack of evidence that mass 
fractionation in the solar wind could 
reduce a value of -3% to<-21%, 

My own model of this process which 
yields a protosolar ON/'4N of <-21%,: 
assumes that the earliest apparent solar 
wind value characterized the solar 
convective zone at that time, thereby 
establishing an upper limit to the 
protosolar value. The apparent secular 
increase in the solar wind value is ascribed 
to nuclear production of '°N in surface 
regions of the Sun; meteoritic and 
planetary values are attributed to mass 
fractionation during formation of con- 
densed species at very low temperatures, 
though addition of '*N-enriched alien 
material is a reasonable alternative. The 
main difficulty with this model, and the 
preceding one, stems from the considerable 
body of observational evidence constrain- 
ing nuclear production of Nin the Sun. 

The present y-ray flux from the Sun 
indicates a level of nuclear activity far too. 
low to generate adequate '°N; the lack of 
evidence for significantly greater solar flare 
activity in the past similarly precludes 
greater '5N production then; and certain 
other nuclides, whose production would 
accompany that of N, are not observed. 
Another problem concerns the 
temperatures at which adequate isotopic 
fractionation could occur to explain the 
meteoritic and planetary data; at such low 
temperatures reaction or exchange 
between neutral species, as customarily 
invoked for nebular condensation, is 
implausible. lon—molecule reactions can 
again be invoked, but with the same reser- 
vations as discussed earlier. As an alter- 
native to fractionation, addition of alien 
SN-rich matter cannot be ruled out but the 
scarcity of N in the interstellar medium 
reduces the plausibility of such a 
component. 
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Finally, there is a class of models based, 
like the previous one, on solar wind data, 
but which ascribes the apparent secular 
change to ‘contamination’ of the Sun’s 
convective zone by interstellar matter. The 
most detailed of these models® proposes an 
early addition of material from a planetary 
nebula rich in '*N to a proto-Solar System 
consisting initially of + 17% material. This 
would have resulted in a value of <-21% 
for the solar convective zone which has 
subsequently evolved towards the bulk 
solar value of +17% as underlying 
material replaced ejected solar wind. 
Meteoritic and planetary compositions 
may be interpreted as in the Geiss and 
Bochsler model. A general problem with 
‘contamination’ models is the large 
apparent size of the actual convective zone; 
this would require massive additions of 
alien material for which evidence should 
be, but is not, found elsewhere. 

A potential weakness of models relying 
on solar wind data lies in the identification 
of solar wind composition with that of the 
solar convective zone. Persuasive argu- 
ments have been advanced by Geiss and 
others (see, for example, ref. 7) that such 
equivalence does exist, but recent space- 
craft measurements of solar flare compo- 
sition suggest otherwise. Mewaldt and co- 
workers® have reported an isotopic 
composition of solar flare neon which is 
distinctly different from that in the solar 
wind, and they also argue against mass 
fractionation in the flare as an explanation 
of the difference. Arguments against frac- 
tionation in the solar wind are equally 
strong, but the flare measurements are at 
least a warning against identifying solar 
wind composition with that in the convec- 
tive zone. 

Clearly, an unequivocal estimate of pro- 
tosolar '°N/!4N is not yet in sight. Indeed, 
the observations discussed above may 
Signify isotopic heterogeneity for this 
element in nebulae. It is equally clear that 
the apparent secular change in solar wind 
ISN/'4N lacks a satisfactory explanation. 
The issue of protosolar '°N/'4N may soon 
be resolved by the Galileo mission to 
Jupiter. No net fractionation should have 
accompanied accretion of nitrogen by 
Jupiter, and all nitrogen should now be 
present as ammonia; this simplifies the 
interpretation of the mass spectrometric 
data that will be gathered. It is to be hoped 
that the mission will not succumb to the 
budget-cutting zeal of the present US 
administration. If not Galileo, who? If not 
now, when? ‘2 
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The Vredefort structure still not 


understood 
from Richard A.F. Grieve 


THE recognition that impact cratering was 
a fundamental geological process in the 
evolution of early planetary crusts’, 
together with recent suggestions that 
faunal extinctions at the Cretaceous- 
Tertiary boundary may be linked to a 
major impact event?, have heightened 
interest in the terrestrial record of impact 
cratering. Approximately 100 known 
terrestrial structures larger than | km in 
diameter are considered to be of impact 
origin. One criterion for their recognition 
as such is the occurrence of shatter cones — 
cone-and-cup structures, with striated sur- 
faces radiating from parasitic horse tail- 
like half cones on the face of a master cone 
and varying in size from less than 1 cm to as 
much as 10 m (see the figure). These cones, 
as well as microscopic planar deformation 
lamellae in minerals, solid-state glasses and 
high-pressure mineral polymorphs, are 
characteristic of shock metamorphism. 
They have been reproduced in shock 
experiments and in nuclear explosions, 
occur at small terrestrial craters with 
meteorite fragments, and have also been 
observed in meteorite and lunar samples. 
In a recent issue of the Journal of 
Geophysical Research, there are six papers 
dealing with various aspects of the geology 
and geochemistry of the Vredefort 
‘Dome’, south of Johannesburg, South 
Africa, which is considered to be one of the 
largest terrestrial impact structures. One of 
the papers, by Simpson’, interprets the 
occurrence and orientations of some 





shatter cones at Vredefort as precluding an 
impact origin. 

The principal morphological elements of 
Vredefort are a central core of Archaean 
basement with an 18 km radius, a 17 km 
wide ‘collar’ of steeply dipping or over- 
turned sedimentary and volcanic rocks of 
the Witwatersrand and Transvaal Super- 
groups, and a 20-30 km wide outer 
synclinorium containing members of the 
uppermost unit of the Transvaal Super- 
group. If an impact feature, Vredefort 
would correspond to what is known as a 
complex structure, where the original 
excavated cavity has been modified by up- 
lift in the centre, producing the central 
core, the penetration and overturning of 
the stratigraphically higher strata of the 
‘collar’ rocks and the downdropping of the 
outermost regions to give the peripheral 
synclinorium. Simpson, however, points to 
two localities which suggest that at least 
some shatter cones appear to post-date the 
overturning of the ‘collar’ rocks. Such an 
interpretation conflicts with predictions of 
an impact model, in which shatter-coning 
occurs during passage of the shock wave, 
before uplift of the core and overturning of 
the ‘collar’ rocks. 

At the first locality, about 40 km west of 
the centre of the structure, shatter cones 
are developed in both overturned and 
right-way-up Daspoort quartzite, a unit of 
the Transvaal Supergroup. The direction 
and plunge of the cone striae indicate that 
the master cone axes have nearly equivalent 
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Shatter cones in carbonate rocks at the Haughton structure on Devon Island in the 
Canadian Arctic. 
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vertical orientations, regardless of bedding 
orientation. The overturned and right- 
way-up beds are separated by a fault, which 
strikes radially towards the centre. If, as 
_ suggested, this fault is related to the uplift 
of the central core, then the similar 
Orientations of the master cone axes 
indicate that at least one generation of 
shatter-coning took place after the over- 
turning of the ‘collar’ rocks. 

At the second locality, shatter cones 
occur in an indurated fault breccia, which 
lies 40 km north of the centre in a fault zone 
that is part of a series of faults which 
downthrow overturned Daspoort quartzite 
beds. As there is no evidence of shatter- 
coned clasts in a non-shatter-coned matrix, 
shatter-coning took place after breccia 
formation. Furthermore, the faulting is 
thought to have occurred simultaneously 
with or after the overturning of the beds, so 
the shatter-coning is post overturning. 
Simpson’s interpretations of these shatter- 
coned localities are at odds with an impact 
origin for Vredefort and, by implication, 
they cast doubt on shatter cones and other 
shock features as criteria for the 
recognition of impact structures. 
suggests the cones resulted from shock 
waves produced by internal tectonic 
processes. But the problem with such an ex- 
planation is that experimental data indicate 
that shock features are formed only at 
pressures of tens to hundreds of kilobars. 
Shatter cones, in particular, appear to 
require pressures of 20-60 kbar*. Even if 
such pressures could be maintained in the 
Earth’s crust, how could.they be pro- 
duced? Mechanisms involving a deep 
internal explosion fail to generate such 
pressures, because the mechanical coupling 
efficiency between shock waves in a 
gaseous medium and rock is low (probably 
less than 1 per cent). 

Previous measurements at about 50 sites 
by Manton’ indicated that virtually all 
shatter cones, when restored to their pre- 
overturning position, point to the centre of 
Vredefort and define a focus, or point of 
origin, for the shock wave some 13.5 km 
above the base of the Witwatersrand. This 
corresponds roughly to ground zero at the 
time of cone formation. Perhaps these two 
new occurrences are exceptions. Rare cases 
of cones which do not point to the centre 
are known from other structures and the 
formation of occasional inverted cones is 
predicted in one hypothesis of cone 
formation involving differential shock 
impedance of strata. The occurrence of 
cones in a fault breccia and not in the as- 
sociated quartzite is certainly unusual. 
Shatter cones are generally best developed 
_ in fine-grained, structurally homogeneous 
rocks such as carbonates and quartzites 
and not in inhomogeneous rocks such as 
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breccias. The interpretation of the relative 
timing of the faulting in the two areas with 
respect to core uplift is critical. In con- 
sidering the preservation of coesite and 
stishovite, high-pressure polymorphs of 
quartz, in psuedotachylite, Martini® noted 
that some deformation associated with 
Vredefort is related not to impact but to 
earlier and normal tectonic action. The 
injection of psuedotachylite veins into the 
fault breccia at the second shatter cone 
locality could be interpreted to indicate 
that at least some of the faulting predates 
the shock event. 

Whatever the explanation, the bulk of 
the shatter cone evidence from Vredefort 
still appears to favour an impact origin. It 
has taken some twenty years of documen- 
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tation, experiment and theory to establish 
the impact origin of shock- 
metamorphosed structures and to 
appreciate the complexities of the impact 
process. The new evidence from Vredefort 
is enigmatic. It must be weighed against the 
wealth of other evidence and, in the present 
author’s opinion, is insufficient to invali- 
date the interpretation of Vredefort as an 
impact structure and the use of shatter 
cones and other shock features as indica- 
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Carbon dioxide and climate: 
has a signal been observed yet? 


from Starley L. Thompson and Stephen H. Schneider 


IN a recent paper Kukla and Gavin of the 
Lamont-Doherty Geological Observatory! 
examine recent and historical data on the 
extent of polar ice and snow, hoping to 
detect changes that might be a signal of 
warming caused by the build-up of CO, in 
the atmosphere. This and other new work 
which looks not only at the effects of 
changing carbon dioxide levels but also at 
other gases capable of creating a 
‘sreenhouse effect’, make it necessary to 
consider seriously whether the question 
posed in the title can now be answered in 
the affirmative. 

Kukla and Gavin compiled recent data 
for sea ice in the Southern Hemisphere for 
the period 1973-1980 from weekly charts 
prepared using satellite IR, visible and 
microwave observations, as well as 


conventional surface observations. They 


selected the late spring and summer periods 
for examination, for the energy balance 
model of Ramanathan et al.? suggests that 
the largest CO,-induced changes would 
occur then (though the model was actually 
based on snow cover rather than sea ice 
change). They found that the mean extent 
of the summer ice decreased from 8.2 x 106 
km? in 1973 to 5.7x10° km? in 1980. 
However, as sea ice varies naturally to a 
comparable degree the decrease is not 
necessarily indicative of CO,-induced 
warming. Indeed Kukla and Gavin note 
that the area of ice increased in 1981. 
Several atlases published before 1970 
report the extent of Southern Hemisphere 
sea ice to have been greater than that 
observed during the 1970s. However, as 
Kukla and Gavin carefully explain, the 
historical and the recent sets of data are not 
necessarily comparable as the extent of the 
ice recorded in the atlases was taken from 
relatively few surface observations. 
Observational biases could exist which 


would give the false appearance of a long- 
term trend. 

Arctic data are even more equivocal. 
Kukla and Gavin do not find that similar 
observations of Northern Hemisphere sea 
ice indicate that there was less ice now than 
in the 1930s. Satellite-derived records of 
summer snow-cover do not show a 
decrease either, although recent positive 
surface temperature anomalies at ‘selected 
latitudes’ in the north have been associated 
with the belt of melting snow in spring and 
summer, and are thus ‘consistent with’ the 
Ramanathan ef al. model predictions for 
CO, increase. 

Kukla and Gavin suggest that ‘‘highly 
variable components of the climate system 
such as snow and pack ice fields” be given 
priority in the search for early signs of a 
CO, effect on climate, a conclusion 
consistent with Manabe and Stouffer’s 
model, whose sensitivity to CO, depends 
heavily on concomitant sea ice changes. 
Although high variability of some climatic 
component may imply high sensitivity to 
external forcing (for example, increased 
CO,), such variability unfortunately also 
makes it difficult to detect a CO, signal — 
even a large one — because high variability 
usually implies a high noise level as well. 
The best ‘precursor indicators’ are, of 
course, those having a large signal-to-noise 
ratio. 

Chlorofluorocarbons (CFCs)*, methane 
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and nitreus oxide are, like CO,, effective 
absorbers of IR radiation and thus could 
also help to create a greenhouse effect. 
The sum of all trace greenhouse gases has 
even been referred to as ‘virtual CO, 
-concentration®’. Lacis et al.’ at NASA’s 
Goddard Institute for Space Studies 
(GISS) recently used a one-dimensional, 
radiative—convective mode! to estimate the 
global equilibrium and transient warmings 


expected from trace gas increases between 


1970 and 1980. Interestingly, the computed 
equilibrium warming from CH,, N,O and 


CFCs combined was 0.1 °C, nearly as large 
as the 0.14 °C warming computed from the 


CO, increase during the same decade. 
There remains, of course, some un- 
certainty, even in the purely radiative 
calculations. For example, the equilibrium 
sensitivity of the Lacis et al. model to a 2 
p.p.b. (parts per 10!*) increase in CFCs was 
30 per cent more than that in a calculation 
published by GISS scientists only two 
months earlier®. The more recent result, 
+0.65 °C, now agrees more closely with 
Ramanathan’s* calculation of +0.9°C but 
the above discrepancies remain to be 
resolved. By allowing for the transient 
effects from thermal inertia of the 
oceans?!9, Lacis et al. reduced their 
calculated equilibrium expected warming 
during the 1970s by about one-half. 

The GISS group results come from a 
mathematical climate model which has an 
equilibrium global surface temperature 
sensitivity of about 3 °C for a doubling of 
CO, concentration. This is within the 
present ‘consensus’ estimates (1.5-4.5 
°C)!'!, Some still believe that these 
estimates are much too high!*!3. Idso, in 
particular, strongly believes that ‘natural 
experiments’ yield an ‘empirical response 
function’ some orders of magnitude 
smaller than the consensus models 
although he may have neglected some 
categories of energy flows and storages. In 
our opinion, it has been convincingly 
shown!!.'4 that the neglect of horizontal 
heat flux, heat storage and total 
atmosphere/surface energy budget has 
caused Idso’s low estimates of global, 
equilibrium sensitivity to a doubling of 
CO,. We do, however, agree that tentative 
model assumptions demand empirical 
verification, but such comparisons 
between models and observations must be 
properly applied. 

An example of empirical verification ofa 
climate model is given in a recent study by 
Hansen ef al.#. A simulation using CO, 
forcing was compared with the historical 
temperature record to give a ‘direct’ 
verification of the CO, sensitivity of the 
model. One difficulty with this approach is 
distinguishing what is still a small CO, 
signal from background noise. In addition, 
their model was based on assumed solar 
and volcanic forcings whose combined 
effects were matched to the observed 
temperature record by adjusting empirical 
coefficients. This ‘tuning process’ can 
engender confidence when the results are 
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statistically significant, but this has yet to 
be shown. Another direct verification 
approach would be to compare 
palaeoclimatic temperature proxy data 
with the results of a model forced with 
observations — actually reconstructions — 
of natural long-term CO, variations. Such 
variations have recently been confirmed by 
Neftel et a. to have occurred over at least 
the past 40,000 yr. Problems with this 
approach include estimates of global 
temperature and CO, concentration which 
are subject to large errors and the necessity 
of accurately accounting for additional 
climatic forcing factors such as surface 
albedo changes. 

Empirical verification may also be 
‘indirect?’ —- model performance may be 
compared with a surrogate ‘geophysical 
experiment’ not involving CO, change, 
such as the annual cycles of solar radiation 
and temperature?!®, Difficulty remains in 
evaluating the extent to which a surrogate 
experiment is applicable to the CO, forcing 
case. Both of these empirical methods of 
verification need to be, and have been!’, 
used to test the ‘consensus models’. 

The average standard deviation of 
annual global temperatures within 
individual decades over the last century is 
about 0.1 °C. For this reason the estimate 
of warming during the 1970s given by Lacis 
et al., despite being comparable with that 
observed, is too small to engender rea! 
confidence in the model results. However, 
Lacis et al. believe that, by 1990, 
temperature rise signal from the combined 
trace greenhouse gases should stand out 
clearly from the background of natural 
climatic variability. This belief assumes, of 
course, that current trends in CO, and 
other trace gas concentrations continue, 
and that the sensitivity of present climate 
models to such increases is reasonably 
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correct. A global warming of 0.2-0.3 °C 
during the 1980s, as Lacis et al. predict, 
would have a fairly small probability of 
chance occurrence, although it is not 
unprecedented. An increase of this 
magnitude occurred in the 1920s (for 
example, see Fig. 3 of ref. 8), which 
presumably was not a CO,-related event. 
Furthermore, extrapolations of present 
trends of trace gas increases past the year 
2000, particularly those for CO, based on 
the assumption of large coal use, have been 
strongly challenged on economic 
grounds!'’.!8, Thus, because a doubling of 
CO, from massive coal use in the near 
future is questionable, but a further 25-50 
per cent increase from petroleum and 
natural gas combustion is possible, we feel 
even more strongly’? that emphasis for 
research on CO,-induced climatic effects 
should be on the transient response over 
the next fifty years. 

The probiem of estimating the transient 
climatic response also has a bearing on the 
selection of potential ‘precursor 
indicators’ of a CO, warming. Many of 
these suggested indicators tend to be 
regional in extent, such as the sea ice 
changes examined by Kukla and Gavin. 
This is significant because it has recently 
become apparent that different regions will 
probably respond at different rates to the 
continuous CO, build-up. For example, a 
simulation performed with a detailed 
coupled atmosphere/ocean model 
published recently by Bryan et al. 9 shows 
sea surface temperatures in near-polar 
latitudes responding relatively slowly to a 
stepfunction CO, increase compared with 
the global mean response. Thus, for the 
purpose of highlighting the most promising 
regional precursor indicators it is 
questionable whether one should put much 
confidence in regional climatic 
perturbations derived from steady-state 
simulations in which a CO, increase is held 
fixed??. A better way of identifying 
regional climatic changes with potentially 
good signal-to-noise ratios would be to 
search for these in the results of detailed 
time-dependent simulations performed 
with a coupled atmosphere/ocean model 
using realistic geography and plausible CO, 
increase scenarios!®. 

In summary, then, the recent sea ice 
observations of Kukla and Gavin and the 
model versus observed surface temperature 
trend comparisons of the GISS group are at 
least consistent with consensus modellers’ 
expectations for a climatic signal from 
increasing ‘greenhouse’ gases. We believe, 
however, that the statistical significance of 
these results is simply too small and the 
number of unverified modelling assump- 
tions too large to allow one to proclaim 
‘detection’. But if Lacis et al. are right, 
then this decade, not the often cited year 
2000, is when a clear warming signal is due. 
Verification of model predictions by the 
real atmosphere, of course, takes time; the 
recent results strongly suggest that the time 
is closer at hand than previously believed. 
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Evolution of photosynthetic pathways in flowering plants 


jrom Peter D. Moore 


THE metabolic and anatomical 
characteristics of plants that possess either 
Crassulacean Acid Metabolism (CAM) or 
the C, photosynthetic pathway have long 
interested physiologists and have even 
begun to stir the imagination of 
- ecologists!, but relatively few people have 
applied themselves to the problems 
associated with the evolution of these 
mechanisms, beyond the cataloguing of 
their taxonomic distribution. Briefly, both 
CAM and C, plants have a 4-carbon atom 
molecule (oxaloacetate) as the first product 
of photosynthetic carbon fixation, though 
in the former this process occurs only inthe 
dark. Both have low carbon dioxide 
compensation points (the CO, 
concentration below which a plant takes up 
less CO, by photosynthesis than it gives out 
by respiration), are insensitive to 
atmospheric oxygen concentration and 
lack photorespiration, by which glycollate 
is formed and subsequently degraded, thus 
releasing carbon dioxide. CAM and C, 
plants differ both structurally and 
ecologically: whereas C, plants have the so- 
called ‘Kranz’ (literally ‘garland’) anatomy 
with modified vascular bundle sheath cells 
to which the Calvin~Benson cycle carbon 
fixation system is spatially limited, CAM 
plants lack Kranz anatomy and the 
products of carbon fixation are not moved 








~ (0028-0836/82,/080647-02$01 00 


fixation. Both types of photosynthesis are 
characteristically more frequent in hot, 
often (though not necessarily for CAM) 
arid regions, where the stomatal control 
possible with these modifications may be 
one of their greatest strategic advantages. 
Wide-ranging surveys of the plant king- 
dom by physiologists and anatomists have 
resulted in a very considerable list of 
species in which the CAM and C, strategies 
have been found. Most are flowering 
plants, but at least one gymnosperm? and 
two pteridophytes? are reported to be 
CAM plants. The figure displays the 
taxonomic distribution of recorded CAM 
and C, species of flowering plants ina form 
that makes clear the presumed 
evolutionary development of the two 
systems. Two major points emerge: first, 


both CAM and the C, mechanism are 


widespread in the plant kingdom; yet, 
second, neither is found in what are 
considered to be the most primitive orders, 
such as the Magnoliales, Laurales and 
Ranunculales (that is, those orders close to 
the supposed ‘ancestral complex’ (A), 
within which the angiosperms originated). 
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Perhaps the most primitive orders in which 
the pathways are found are the Sapindales 
(with C, representatives) and the Rosales 
(with CAM members). These observations 
lead to two logical conclusions; that the C, 
system is primitive in the angiosperms*° 
and that both CAM and C, have originated 
independently and on many occasions 
during the evolution of flowering plants*. 
The polyphylletic origin of both 
mechanisms leads one to suppose that the. 
genetic modifications involved in the 
adoption of either strategy are relatively 
small; indeed, the major enzymes required 
are already available in C, plants. One. 
obvious way of investigating further this 
aspect of the subject is to seek and study 
plants which are intermediate between, 
say, C, and C, in character, either in wild 
populations of plants or as a result of 
breeding experiments in the laboratory. 
Rathnam’ has now collated the 
information derived from such studies, but 
finds that natural hybridization has been 
recorded in only four genera of plants. The 
laboratory crossing of C, and C, plants, 
particularly the work of Bjérkman with 
Atriplex, has not produced a- simple 
picture, even though individuals with 
intermediate characters have resulted. 
Rathnam concludes that the likelihood of 
introducing the C, mechanism to C, plants 
by genetic manipulation is not strong. 
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Perhaps the most satisfying result to 


emerge from these studies is Rathnam’s. | 


own work on the millet grass genus 
Panicum and in particular P. milioides®. 
This plant has a higher than expected 
phosphoenolpyruvate (PEP) carboxylase 
activity and an increased affinity for CO,, 
which suggest C, tendencies. It has Kranz 
anatomy, an intermediate CO, com- 
pensation point of 16 ul 1° (40-60 for C, 
and 0-5 for C,) and is less sensitive to O, 
inhibition of apparent photosynthesis than 
a C, species, but more so than a C, species. 
Rathnam proposes that both photosyn- 
thetic pathways are operative within the 
leaf mesophyll of P. milioides, the C, 
system being unconfined and not limited to 
the bundle sheath cells as in the typical C, 
plant. Although the development of the C, 
pathway is incomplete, it would still 
provide the plant with the selective 
advantage of being able to concentrate 
CO, at the bundle sheath and thereby 
reduce photorespiration. On the basis of 
these findings, Rathnam proposes that the 
evolutionary development of Kranz 
anatomy precedes the metabolic 
modifications involved in the C, pathway, 
in which case Kranz anatomy is not a 
reliable indication of the C, capacity of a 
plant’. 

Fortunately, a resolution of these 
difficulties is suggested by this hypothesis 
recently put forward by Cockburn!®, who 
focuses on the mode of operation of the 
stomatal guard cell. Here, malate (one of 
the 4-carbon atom molecules involved in 
both CAM and C, metabolism) is known to 
play an important part and to accumulate 
in the guard cell during its opening!!. The 
malate is fixed from CO, using PEP 
carboxylase, the precise method found in 
both CAM and C, plants. According to 
Cockburn, ‘‘all the essentials of CAM are 
represented in stomatal guard cell 
metabolism’’. Becoming a CAM plant 
sensu stricto simply involves the expression 
of these characteristics not only in the 
stomatal guard cells, but in other cells as 
well. The development of true C, 
metabolism would therefore appear to bea 


somewhat more complex series of: 
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modifications involving the development 
of Kranz anatomy and the use of malate as 
a mobile carbon resource. 

The polyphylletic origin of both CAM 
and C, is thus easy to explain. The question 


Dynein in the spindle? 
Jrom Jeremy Hyams 


MiTosis typically involves two distinct 
phases of chromosome separation: the 
movement of chromosomes to the spindle 
poles (usually referred to as anaphase A) 
followed by the separation of the poles due 
to spindle elongation (anaphase B). 
Although the mechanisms of mitosis 
remain unknown, the most attractive 
models envisage that force for chro- 
mosome movement is generated by an 
active sliding displacement between spindle 
microtubules coupled to controlled 
changes in their lengths'?, Motility based 
on sliding is now well established for ciliary 
and flagellar beating, another form of 
movement involving microtubules. In this 
case, the active component is the ATPase 
protein dynein which reversibly inter- 
connects the nine outer doublet micro- 
tubules of the ciliary or flagellar axoneme?. 
Crucial to establishing the role of dynein 
was the demonstration that demem- 
branated sea urchin sperm flagella would 
resume normal beating movements when 
supplied with exogenous ATP 4. 

The development of a similar, simple in 
vitro model for studying spindle function 
has, however, proved to be a far less 
tractable problem. Spindles are noto- 
riously labile and, in general, may be 
isolated only in the presence of stabilizing 
agents, which, by definition, alter the 
characteristics of the organelle. The best 
alternative has been to use whole cells made 
permeable to added reagents by treatment 
with detergent. Most studies of this type 
have used a cultured cell line derived from 
the rat kangaroo called PtK,. If extracted 
at the start of anaphase, PtK, 


chromosomes continue to move in an 


apparently normal fashion as long as the 
lysis solution contains ATP*. More recent 
studies of the permeabilized cell model: 
have shown that anaphase A and B are 
physiologically distinct. Whilst the basis of 
anaphase A remains uncertain, ionic 
conditions required to maintain anaphase 
B closely parallel those which support 
flagellar beating. Chromosome separation 
is specific for ATP as an added nucleotide, 
is inhibited by non-hydrolysable ATP 
analogues and sulphydryl poisons and 
reversibly arrested by vanadate, a potent 
inhibitor of dynein ATPase activity®’. 
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that remains is which came first, the 
vascular sheath garland, or theextension of 
the guard cell malate system? The answer 
will probably depend on where one looks 


for it. z 


In this issue of Nature (p.700) Cande 
reports further evidence for the dynein-like 
nature of the anaphase B chromosome 
motor, on the basis of its sensitivity to 
erythro-9-[3-{2-hydroxynonyl)jadenine 
(EHNA) which, like vanadate, specifically 
inhibits flagellar beating and dynein 
ATPase activity. This physiological 
evidence for the involvement of dynein in 
mitosis is supported by the identification in 
isolated sea urchin spindles of an ATPase 
which has a subunit molecular weight and 
ionic and nucleotide characteristics closely 
resembling flagellar dynein®. Although 
there have been suggestions based on 
immunological cross-reactivity that the 
same molecule is involved in both forms of 
motility’, the likelihood is that, if the 
spindle dynein really does exist, it is distinct 


from its flagellar counterpart. 


The organization of microtubules in the 
two situations is, for a start, quite 
different. In the axoneme, dynein 
molecules form cross-bridges between 
microtubules which all arise from the basal 
body and hence are parallel in their 
orientation. In the spindle, on the other 
hand, interaction is between microtubules 
originating from opposite poles and so 
having opposed polarities!®, Mutants of 
the green alga Chlamydomonas in which 
the flagella lack the paired dynein arms 
divide normally!'. Likewise human 
patients in which these structures are 
missing due to genetic defects suffer only 
from symptoms associated with ciliary 
paralysis and are otherwise normal!*. More 
directly, however, antiserum raised against 
dynein from mammalian sperm failed to 
recognize the corresponding proteins in 
either cytoplasmic extracts or spindles of 
mammalian cells. | | 

At this point the reader might be 
forgiven for concluding that a unified, 
and, better still, experimentally testable 
view of mitosis is at last starting to emerge. 
Other evidence, however, suggests that the 
Situation is just as uncertain as ever. 
Particularly fascinating is a recent report 
from Aist and Berns'* involving a more 
primitive organism, the fungus Fusarium 
solani. These workers used a laser 
microbeam to sever the region of the 
spindle between the retreating chro- 
mosomes. Surprisingly, chromosome 
separation in these nuclei did not cease but 
rather proceeded three times faster than in 
the undamaged controls. By contrast, 


© 1982 Macmillan Journals td 


Nature Vol. 295 25 February 1982 


irradiation of the cytoplasm adjacent to 
one of the spindle poles caused the 
chromosomes to move more slowly. Far 
from supporting a model in which active 
sliding between microtubules drives 
chromosome: movement, these data are 
consistent with the spindle acting as a 
mechanical governor, maintaining a 
; counterforce which resists the pull of some, 
tas yet. unidentified, extranuclear 
i ‘component. 
It would be quite wrong to conclude that 
either of the two diametrically opposed 
views of spindle function presented here is 
incorrect. On the contrary, mitosis may 
well involve several distinct mechanisms 
` which are expressed to different degrees in 
different organisms!>. The new probes of 
dynein activity such as vanadate and 
EHNA may well prove valuable in asses- 
sing the contribution of sliding in different 
cell types. Indeed their value may extend 







way beyond the world of mitosis. In this 
issue of Nature (p.701), Beckerle and 
Porter further report that both reagents 
inhibit particle transport along 
microtubules in fish chromatophores. It 
may well be that dynein will be shown to be 
as ubiquitous a feature of microtubule- 
based motility systems as myosin is of 
actin-based ones. 
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Intracellular membrane traffic 


from M.J. Geisow 


GEORGE PALADE (Yale University), in 
opening the 92nd Ciba Foundation 
Symposium* on membrane recycling, 
reminded participants of a fundamental 
problem of cell economics. To grow, cells 
must maintain fluid membranes at 
ambient temperature. This requirement 
is purchased at the expense of high 
molecular diffusion rates (1-60 um min`?) 
which, unless controlled, would lead to 
randomization of membrane components. 
When it is realized that animal cells con- 
tain up to 10 distinct membranes with 
characteristic proteins and lipids and that 
extensive transport occurs between them 
(the macrophage recycles its 780pm? of 
membrane in 30 min), the full nature of the 
problem can be appreciated. Nature’s 

Nature’s general solution appears to 
have been the development of membrane 
components which can self-assemble to 
form. micro-domains. Within such 
domains, lateral diffusion rates are very 
-mùch less than in bulk membrane. Well 
< known examples are the specialized inter- 


“cellular junctions and clathrin-coated pits. 
_> It was from the basis of this generalization, 


that cells can maintain anisotropic mem- 
branes, that the symposium considered how 
transport between occurs and by what routes. 

Cells constitutively internalize their 
plasma membranes by endocytosis. Two 


routes of entry of membrane — through | 


coated pits and uncoated invaginations — 
lead to coat-free, often irregular vesicular 
bodies in the peripheral cytoplasm of the 
cell. To designate this poorly charac- 
ps, ce eee ena se ee 
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terized compartment, the terms 
endosome or pre-lyscsome have been 
used, although in the specific case of 
receptor-mediated uptake initially 
occurring in coated pits, Ira Pastan and 
co-workers (NIH) coined the word ‘recep- 
tosome’!. It is the ultimate fate of the 
endosome to fuse with a lysosome. 
Clathrin-coated pits are probably micro- 
domains specializing in membrane 
protein selection. Mark Bretscher 
(University of Cambridge) showed some 
time ago that certain cell surface antigens, 
including Thy-1, are excluded from 
coated pits?. Surface receptors, by 
contrast, are sometimes present at 


relatively high surface density in coated 


ENDOCYTOSIS 





EXOCYTOSIS 
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pits. Clustering of receptors for low- 
density lipoprotein’, a,-macroglobulin* 
and galactose receptor’ does not even 
require the presence of specific ligands 
and can be explained only by a relatively 
high affinity of pit for receptor protein. 
Unfortunately, the basis of this inter- 
action is unknown, because structural 
analysis of coated membrane has not yet 
probed the organization within the lipid 
region under the clathrin cytoskeleton. 

Immediately after uptake, receptor and 
ligand are present in coated vesicles, but 
within 1-5 min they are in uncoated 
endosomes. The intermediate coated 
vesicle, in cultured cells at least, must be a 
very transient transport element. One 
good reason for the short lifetime of the 
coat in vive may be the need for partial or” 
complete uncoating before fusion of the 
underlying membrane with another 
organelle. At the Ciba Symposium, James 
Rothman (Stanford University) described 
a timely uncoating activity in cytosol, 
which requires ATP. 

Recent work has permitted closer bio- 
chemical definition of endosomes. They 
are not like classical secondary 
lysosomes, since cytochemistry. 


demonstrates the absence of acid” | 


hydrolases. Nevertheless, endosomes 
may have relatively acidic contents. 
Spectroscopic studies®’ point to rapid 
acidification of endocytosed ligands. A 
clever confirmation of the low pH in the 
endosome has followed the observation 
that the fusion of Semliki Forest virions 
with lipid bilayers only occurs at or below’ 
pH6.0. Viral infection in vivo necessitates 
the fusion of enveloped viruses, taken up 
via coated pits, with the endosome 
membrane. Ari Helenius (Yale 
University) has now shown that this 
fusion is prevented by weak bases such as 
amantadine which increase endosome pH 
(ref.8). Cells can be ‘rescued’ from 
irreversible infection only by supplying 


Suggested sequence of 
intracellular receptor movè |- 


ments. Ligands (W) bind to | 
receptors (1°) and are inter- | 


nalised through coated pits) 
(1), where they are trans- 
ferred to smooth-mem-| - 
braned structures | 
{endosome,. receptorsome 
2.) Conditions within this 
compartment lead to ligand 
dissociation allowing 
receptors and ligands to 
follow different routes. The | 
latter enter secondary Iyso- 
somes (3). Receptors may be | 
conveyed to the Golgi (4) or | 
a secretory vesicle (5) and 
return to the cell surface 
(not necessarily the same 
surface in epithelial cells) by 
exocytosis (6). 

The existence of trans- 
port vesicles (not illustrated) 
which shuttle between these 
organelles is inferred. The- 
nature of these and the 
topography of the receptors 
is unknown. 
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the weak base within 4 min of warming - 


cells with adherent virus to 37°C. 

The low pH of endosomes may bring 
about dissociation of ligand and receptor 
protein. In experiments reported by Anne 
Hubbard (Johns Hopkins University), 
liver galactose receptor—ligand com- 
plexes are endocytosed at 16°C, a 
temperature at which endosome- 
lysosome fusion is impaired’. However, 
ligands still dissociate from receptors and 
the latter return to the cell surface, 
despite the absence of ligand degradation. 
It may be that these endosomes represent 
the elusive sites of receptor recovery — an 
acid wash through which regular 
‘preening’ of the cell surface can be 
achieved. 

The fate of the ligands and soluble 
content of endosomes is clearer — they are 
transferred to secondary lysosomes and 
degraded, which for them is a one-way trip. 
Exceptionally, certain receptors, for 
epidermal growth factor or the Fc portion 
of immunoglobulin, also enter lysosomes. 
Whether this is because their affinity for 
ligands is unaffected by the low pH in the 
endosome or because of intrinsic differ- 
ences in the molecular structures of such 
receptors, remains an open question. 

Equally enigmatic is the direction taken 
by the receptors which do recycle following 
the dissociation of their ligands or their 
normal recovery during membrane 
recycling in the absence of a specific ligand. 
Specific labels are lost at this stage and anti- 
receptor immunocytochemistry can only 
demonstrate the total cellular distribution, 
not the pathways of recycling. However, 


100 years ago 


the endocytosis of cationized ferritin (CF), 
a positively charged, electron-dense 
marker which binds tightly and non-speci- 
fically to membranes, has provided some 
indirect evidence of how receptors recycle. 
Kinetic studies of the endocytosis of CF 
by pituitary cells and lymphocytes made 
over a number of years by Marilyn 
Farquhar?! show that after its appearance 
in endosomes, CF enters the trans elements 
of the Golgi stacks. After 30 min, CF 
appears on the inner membrane of 
secretion granules and therefore on the 
exocytotic leg of its journey through the 
cell. Autoradiography of iodinated surface 
membrane proteins suggests essentially the 
same route — although slow techniques 
such as conventional fixation and electron 
microscopy provide images which reflect 
rate-determining stages in the flux through 
a cell, so this picture may be incomplete. 
In at least one case there is good evidence 
that CF follows the same route as 
receptors. Richard Rodewald (University 
of Virginia) has described transcytosis or 
diacytosis (passage through a cell) of 
maternal IgG across the intestinal 
epithelium of new-born rats!!. The 
immunoglobulin is bound by Fe receptors 
at the gut lumen and is discharged into the 
neonatal circulation. Efficient segregation 
of IgG-Fe receptor complexes from 
soluble markers occurs in the endosomes 
near the sites of absorption (coated pits). 
The integrity of the receptor—ligand 
complex may be favoured in this case by 
low pH, since the neutral pH of the 
neonatal blood affects dissociation of the 
complex when it appears at the basolateral 


Amongst the batrachians exhibited at the Zoological 


Society are several species of gigantic size when 
compared with their puny representatives in this 
country, such as the Agua Toad (Bufo agua) of Brazil 
and the Ocellated Bladder-Frog (Cystignathus 
ocellatus) of Buenos Ayres. But by far the most 
remarkable of these forms in the series is the Adorned 
Ceratophrys, or ‘‘Esquerzo’’ of the natives of the 
Argentine Republic — a large toad of brilliant colours 
and extraordinary form, of which a figure (Fig 16) is 
taken from a _ water-colour sketch 


now given, 
prepared by Mr Ernest Griset. 


The Esquerzo was discovered by Mr Darwin during 
the celebrated voyage of H.M.S. Beagle, and firs: 
| described by the late Prof. Bell in the ‘Zoology of the 
Voyage of the Beagle.” This monster inhabits the 
pampas of Buenos Ayres, and is said to feed chiefly 
on its smaller brethren of the same class. Mr Ernest 
William White, F.Z.S., to whom the Society is 
indebted for one of the two specimens now in the 
Gardens, specially mentions it in his lately-published 
**Cameos from theSilver-Land”’ as one of the charac- 
teristic forms of the grassy plains of the Argentine 
Republic. ‘‘In the damp grass,’’ he says, may often be 
perceived the leering eyes and mottled black and green 
body of the huge Esquerzo (Ceratophrys ornata), 


whose gaping mouth crammed with the body of an ss 


unfortunate sapo (toad), and surmounted by threat- 
ening horns, inspires terror. This said Esquerzo bears 
an awfully spiteful character, and is credited with the 


deaths of many children. 
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cell surface. CF accompanies the ligand 
through the same pathway and is 
exocytosed, still in membrane-bound 
form, at the sites of IgG release. 
Considerable advances have been made 
in this popular area of cell biology, to 
which an increasingly ‘molecular’ 
approach is being applied. There remain, 
of course, major problems. We still need to 
account for the fast recycling times of cell 
membrane (seconds in the neuromuscular 
junction) and certain receptors (a minute 
or less for low-density lipoprotein 
receptor). Do these membrane 
components have time ta follow the 
pathways described above? The 
relationship between endocytosis of 
membrane components through coated 
and uncoated regions is also unclear. Most 
telling of all, however, is the degree of our 
ignorance of the nature of the signals which 
direct this extensive traffic of receptor pro- 
teins and orchestrate the flow of cellular 
membrane. To understand these, we need 
techniques which allow us to observe the 


pri 


membranes from within the cellitself. © 
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Very large ground-based telescopes 
for optical and IR astronomy 
J. R. P. Angel 


Steward Observatory, University of Arizona, Tucson, Arizona 85721, USA 


Optical and IR astronomers are taking a hard look at their ground-based facilities and devising new 
ways of making more economic, bigger and better telescopes. Features of instruments of the 15-m 
class are likely to include servo control to compensate for atmospheric wavefront errors as well as 
structural deformation, large honeycomb mirror blanks and mirror surfaces produced by economical 


techniques developed for aspherics. 





WHILE detectors and instrumentation have improved enor- 
mously during the past 50 yr, the size of the largest optical 
telescopes has not increased significantly. Detectors have now 
reached close to the fundamental noise limit set by photon 
statistics and techniques have been developed to observe simul- 
taneously many objects in the telescope’s field of view. Further 
progress in many problems of astrophysics now requires an 
order of magnitude increase in light grasp. 

The main purpose of increasing telescope aperture is to reach 
fainter objects and to improve accuracy of measurement. The 
quantum nature of light means that to measure intensity, spec- 
trum or polarization to a certain accuracy, even with ideal 
detectors and optics, requires the collection of a certain mini- 
mum amount of energy. For other types of measurements in 
which detector noise is dominant, the rate of collecting energy is 
an additional factor, and gives an added advantage to the large 

‘ telescope. Given that on average only a few hours each day meet 
all the requirements for observing, and that the largest tele- 
scopes must serve a broad community of observers, it is not 
practical to integrate for more than around 20 h in a season the 
light from even an object of exceptional importance. For a given 
collecting aperture this sets a limit to faintness or accuracy. 

The qualitative advantages to larger apertures arise from the 
improved limit to angular resolution set by diffraction. At long 
IR wavelengths, where image quality is limited by diffraction, 
high spatial resolution is achieved directly. At shorter 
wavelengths various interferometric techniques allow the re- 
covery of information on spatial structure at the diffraction limit. 
This is <10 m arc s in visible light for the telescopes I now 
consider. f 

In the US a programme has been started to develop the critical 
technology for a national telescope with a collecting area 
equivalent to 15 m diameter. Closely linked pro jects for smaller 
telescopes for California and Texas are under way. Meanwhile, 
in Arizona, the Multiple Mirror Telescope (MMT), a joint 
research facility of the University of Arizona and the Smith- 
sonian Institution, is a working prototype of many aspects of 
the new technology. Most ideas for very large telescopes involve 
multiple primary mirror elements, and the MMT, the first of 
this type, has six mirrors of 1.8 m diameter all bringing light 
to a common focus (Fig. 1). 


Why ground-based? 


The Earth’s atmosphere limits the value of ground-based tele- 
scopes in various ways. It is completely opaque to wavelengths 
below 0.3 um while the IR spectrum is broken up by molecular 
absorption bands, being completely blocked over the range 
40-300 um. Background radiation from air scattering of 
sunlight and moonlight, and from thermal emission in the IR 
interferes with the observation of faint objects. Refractive index 
changes caused by thermal gradients in the air prevent one 
achieving diffraction limited images at shorter wavelengths, and 


the uncertainty of weather means one cannot be sure of any 
particular observing period. 

These limitations are removed for telescopes above the 
atmosphere. The Space Telescope, scheduled for launch in 
1985, will overcome many of these problems. However, its 
aperture of 2.4 m diameter has only 1/40 the area of a 15-m 
telescope, while its cost is an order of magnitude larger. 
Although technology may become so advanced that one could 
afford very large telescopes to realize the potential of space, 
our present needs for huge light grasp can only be met by 
building on the ground. 

In fact, many of the observations that need large aperture can 
be done efficiently through the atmosphere provided that the 
design, siting and scheduling of the telescope are optimized. 
Spectroscopy will be the major application for a very large 
telescope. Provided the atmospheric background is kept to the 
minimum, the dominant noise source for this work will often be 
photon shot noise of the signal itself, or detector noise in IR 
spectroscopy—these noise sources are not reduced by going to 
space. 


Image quality 

The factor that most strongly drives cost is the need for 
excellent image quality. This is required not so much to resolve 
detail in extended objects but to minimize the background 
underlying faint unresolved objects. A giant light bucket with 
indifferent images would be of relatively little value. If, for 
example, the spectrograph entrance aperture has to be increased 
in diameter to capture the light of a degraded image, then the 
increased background may overwhelm the signal. For the 
faintest objects doubling the telescope diameter is of no advan- 
tage if the image diameter is also doubled. 

Our intention of achieving good images is likely to have 
far-reaching consequences for telescope design. Recent 
experiments and studies demonstrate that some degree of active 
correction for atmospheric distortion is generally possible, with 
potentially very large gains for giant telescopes in the IR. If the 
means to implement such corrections are an integral part of the 
telescope design, then they may also be used to correct for slight 
distortion of the optics which would be intolerable otherwise. 
Large cost savings may be possible if a correction system were to 
relax the normal tolerance for accuracy, rigidity and stability, 
especially if the optics are extremely large. 

The distortion at the atmosphere can be thought of in terms of 
the corrugation of a wavefront that was perfectly plane when 
incident at the top of the atmosphere. It has ripples and waves on 
all scales, which can be modelled by random turbulence’. (Note, 
however, that turbulence inside the telescope housing has only 
small scales, and causes separate problems discussed separately 
below.) The random wavefront deviation 6 in micrometres 
between points separated by d across the wave is given by 


5(u) ~(d/do)””* (1) 
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where do is a measure of the seeing quality and in good con- 
ditions may be as large as several metres. The corrugations move 
at about the wind speed, so that large-amplitude deviations over 
a scale of 10 m change on a time scale of 1 s, while ripples on a 
scale of 10 cm vary 100 times faster. 

If a true diffraction limited image is to be obtained at any given 
wavelength, then the deviations across the telescope aperture 
must not exceed about A/10 (see ref. 2). For visible light, the task 
of correcting the wavefront of a large telescope to this tolerance 
is extremely difficult. The length scale of ripples with amplitude 

>À/ 10 is 10-20 cm at best and the time scale is short. Compen- 
sation has to be made at an optical surface that can mimic all 
these rapidly changing small-scale ripples. Considerable pro- 
gress in making such ‘rubber’ mirrors has been made by Hardy`. 
Apart from engineering difficulties, however, a fundamental 
limitation to achieving complete correction of the visible light 
wavefront is that of deriving the information needed to make the 
correction. This requires that the source being observed should 
be bright, or that there should be a bright source no more than a 
few arc seconds away whose wavefront. similarly distorted, can 
be used to derive corrections. 

Although full correction of the wavefront is generally not 
possible, correction of the errors on a scale of metres is. Faint 
field stars within a couple of arc minutes of a target are adequate 
to provide the necessary much reduced amount of information. 
From equation (1) we see that the wavefront tilts 5/d are almost 
as big at large scales as at small, varying only as d~'°, so 
Significant improvement of visible image quality can be ex- 
pected. Woolf* has analysed in detail the improvements that can 
be made in various conditions: typically, 20-30% reduction in 
image size can be expected in visible light**’. The better the 
seeing, the greater the improvement to be made. 

In the IR, there is dramatic potential for high quality imaging 
with large telescopes. At 10 um, for example, the small-scale 
ripples that do most damage to visible images are below the A/10 
threshold, and are not noticed. The seeing disk, resulting only 
from large-scale waves, will be only a little more than half that of 
visible light. Woolf has pointed out, though, that if the large- 
scale errors can be measured and continually corrected with the 
aid of a nearby visible star, fully diffraction limited performance 
at 10 um is achieved in reasonably good seeing conditions. Fora 
filled aperture of 15 m diameter the FWHM of the Airy disk is 
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Fig. 1 An aerial view of the Multiple 
Mirror Telescope in Arizona. The 
location on top of a sharp, high peak, 
gives favourable conditions for sharp 
images. The MMT is jointly owned 
and operated by the University of 
Arizona and the Smithsonian Insti- 
tution. 


0.16 arcs. Because almost every source of interest at 10 um is 
fainter than sky background, the advantage of operating a large 
telescope at this high resolution is enormous. 


Thermal control 


The frequency of occurrence of different degrees of atmospheric 
turbulence and hence wavefront distortion has been measured 
with small, low level, test telescopes by Walker“. The results 
show little difference between the good test sites. From these 
data and balloon observations of turbulence by Barletti et al.°, 





Fig. 2 An example of high resolution imaging from the ground, 
the QSO PG1115+08. It shows multiple components because of 
gravitational bending of light rays by an intervening galaxy. The 
two unresolved round images, separated by 2 arcs, have FWHM 
of 0.6 ares. The brightest, elongated image is shown by speckle 
interferometry to be a double with 0.5 arcs separation’. This 
figure, courtesy of E. K. Hege, was made by Doug Tody at Kitt 
Peak National Observatory using the IPPS facility with contours 
space logarithmically by factors of two. 
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Woolf’ has derived probability distributions for long exposure 
(time averaged) image size. He finds the diameter containing 
half the energy of a point source should be 0.7 arcs at the 50th 
percentile, 0.3 arcs at the 10th percentile. 

The images that are actually recorded at most large telescopes 
are rarely as good as this, mostly because of thermal disturbance 
of the air near the telescope and enclosure. The increased size 
and thermal inertia of a giant telescope means we must be 
especially careful to understand and control these local effects. 
Adiabatic. effects of turbulence on refractive index are not 
significant at normal wind speeds, but heating and cooling by 
convection and radiation are. The sensitivity to heat can be 
appreciated when we realize that light passing through a single 
bubble of air with a temperature difference of only 1 °C from its 
surroundings is spread into a cone of 0.5 arcs diameter. 
Turbulent thermal boundary lavers can cause acute problems. 

Local thermal gradients are potentially worse at high desert 
sites where diurnal changes of air temperature are large, and 
where radiation cooling at night is strong. The effects of an 
observatory building on image quality stem both from heat 
sources within the building and from failure of external surfaces 
to accommodate the changes in the ambient temperature. In the 
MMT building, exposed surfaces were of low thermal mass and 
were backed by good insulation, and the telescope chamber was 
small and well ventilated". Beckers’ reports a series of 
measurements at the MMT of temperature made with 
thermometers and a 10-um TV camera, and of internal seeing 
measured with laser beams in the dome. The use of insulation 
and surfaces with low emissivity at 10 wm on the telescope and 
mount as well as the building, means that very good thermal 
equilibrium with the ambient air is achieved. 

The one part of any telescope that cannot be insulated is the 
mirror. Seeing generated by mirrors has been studied by 
Lowne’® 
for a mirror temperature T°C hotter than ambient. Con- 
ventional large solid mirrors have time constants of many hours, 
and so are generally likely to be out of equilibrium by at least 
1°C from the changing night-time air, even if refrigeration 1s 
used during the day to set some anticipated mean operating 
temperature. Mirror seeing will thus frequently spoil potential 
sub-arc second seeing, unless the thermal time constant is kept 
to an hour or less. This goal can be achieved using metal mirrors 
or glass with faceplates no more than a few centimetres thick and 
air circulated behind. The fact that the MMT has thin-faced 
honeycomb mirrors may account in part for its frequently 
excellent seeing, despite substantial diurnal temperature varia- 
tion at its high site. The image shown in Fig. 2 of the ‘triple’ 
OSO, having high resolution of 0.6 arcs, was obtained with one 
of the MMT honeycomb mirrors, with correction every 1s for 
low frequency image motion caused by large scale wavefront 
tilts”. 


Ideas for very large telescopes 


ne Traditionally telescopes have a single primary mirror made from 
a rigid massive disk of glass. Mirror supports for optical tele- 
scopes are based on the principle that perfect support against 
gravitational distortion of an elastic solid at any orientation is 
given by floating it in a liquid of the same density. Mirror cells 
arrange for the gravity balancing force to be distributed over the 
mirror back and sides, simulating flotation as far as possible. 
Thermal distortion of modern mirrors is effectively eliminated 
through the use of very low expansion materials having 
coefficient of <10 per °C. Stiffness is such that the mirror 
figure is not significantly disturbed by wind in the telescope 
enclosure. 

Mirrors of 4-m diameter are probably the limiting size for an 
economical telescope using these principles. Considerable 
increase should be practical if lightweight (thin or honeycomb) 
blanks are used together with some active compensation for 
mirror deformation and resultant wavefront distortion. Lewis’? 
finds that on site manufacturing of a 10-m blank of 20 cm 





practical, Studies of stiffness and. designs: for. 


, who finds experimentally a seeing disk of 0.5 T arcs» 










thickness out of fused silica or ultra lowexpansi 


meniscus mirrors of ULE or Zerodur in the 7-101 

been made by Epps et al. 13 Mack" and Pearson", 
honeycomb mirrors in this size range that would be consi 
stiffer and potentially less expensive are under developme 
Flotation support alone of large thin mirrors is unlikely to yield ¿ 
surface precision much better than 1 arc s, particularly whenc one 
considers that wind forces in reasonable size domes will be large. 
However, with the aid of servo controls, as we have om 











a serious drawback. eo 
The goal of a 15-m diameter primary aperture; vi 
as representative of a very large telescope, is probably too large 
to be handled practically if made from a single piece of glass. 
Certainly the technology would have to be proved in smaller 
sizes before one could consider seriously such an approach. I 
thus consider designs that involve several or many separate 
mirror sections. For nearly all optical observations. other than 
interferometry these separate elements could be in the form of 
separate telescopes, with data from separate instruments added 
to yield all the signal-to-noise advantage of the full aperture. 
Disney’? has pointed out the advantages of such an array, in 
which fairly high spectroscopic resolution can.be obtained with 
silicon CCD detectors without reaching the detector noise limit. 
Heterodyne IR interferometry would be possible with such an 
array’, but direct interferometry and those IR ‘observations 
which need all the light at a single focus’” are almost impossible 

to achieve if the telescopes are on fixed separate mounts” 

The most obvious route to a single focus is to figure all the 
elements as parts of a single parabolic surface. These must. be 
mounted in a supporting structure as stiff as possible, and:a 
scheme must be devised to manipulate the segments (or smaller 
elements reflecting images of the segments) to maintain correct 
orientation and phase. Such an approach has been studied by 
astronomers at the University of California. Nelson’’”* and his 
collaborators are developing methods to prepare separately and 
bring together 25 off-axis hexagonal elements, to make an 
approximately hexagonal parabolic surface 10 m across. Angel 
et al.” have considered a design of six identical circular off-axis 
mirrors, each 6-m in diameter. 

The MMT” takes an intermediate approach between separ- 
ate telescopes and a segmented single reflecting surface. The 
experience of this working prototype has led to proposals’ for 
much larger versions. A design for a 15-m telescope now being 
studied in some detail incorporates four 7.5-m honeycomb glass 
primaries co-aligned in a single telescope mount. Many optical 
observations would be done with relatively small instruments 
at the four separate foci but, as in the MMT, auxiliary mirrors 
would be arranged to bring the light to a combined and phase 
focus when needed. In this concept structural deformation and 
wavefront errors could be compensated in the small secondary 
optics or the primary mirrors. | 

Both the single-surface concept and the multiple telescope 
concept have the potential of yielding a telescope which can 
optimize images yet is versatile enough to undertake optical, 
thermal IR or interferometric observations. These approaches 
are being considered for the United States national 15-m tele- 
scope by a consortium of the Universities of Arizona, California 
and Texas with Kitt Peak National Observatory. This effort is 
concentrating on the key areas of technology that need 
development, bearing in mind a target cost of around $100 
million. 

Other concepts for very large telescopes which have received 
considerable attention are generally less versatile, but may have 
an important part to play for special tasks. Designs based on the 
Arecibo radio telescope with a fixed spherical bowl and moving 
secondary optics” "S, solve the problems of gravitation dis- 
tortion of a moving primary surface. Spherical segments of the 
surface could be produced inexpensively and spherical figure 
can be maintained easily against thermal deformation by laser 
metrology from the centre of curvature. However, performance 
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in the thermal IR would be poor because of varying background 
as the detector tracks across different parts of the sphere. Also 
sky coverage is limited and it is difficult to correct spherical 
abberation over a large field of view. Furthermore, it would be 
expensive to raise such a telescope above the turbulent thermal 
boundary of the ground. A valuable application for this type of 
telescope would be for multiple object spectroscopy, in which a 
small corrector would be used for each point object under study. 
and many such correctors would be tracked at once across a 
limited spherical focal surface of some 20-30° (ref, 29). Multiple 
object spectroscopy is, of course, an important application of 
any of the giant telescopes discussed here. 

A large telescope configuration that might become very 
important, with more experience with interferometry, has been 
suggested by Low’. Several telescopes would move on circular 
tracks, so as to remain in a line perpendicular to the object under 
study. If individual lightweight and stabilized telescopes of 5 m 
or more in diameter could be moved in this way, then the array 
would also be a good general purpose telescope. A fundamental 
question is the image quality that can be achieved in telescopes 
close to flat ground with no domes. 


Making mirror elements 
A central issue of any plan for a very large telescope must be a 
technique to fabricate the huge reflecting surface at acceptable 
cost and in a reasonable period of time. Without new ideas. 
mirror costs could take up most of the entire budget. If very low 
expansion materials are to be used then any structures other 
than solid sheets are probably ruled out because of very expen- 
sive fabrication costs. Costs for material alone are in the range 
$50-100 kg 

Borosilicate glass honeycomb is an attractive alternative for 
large mirror elements. The raw material is inexpensive and can 
be easily fabricated into complex structures by casting at rela- 
tively low temperatures. Figure distortion is a problem in solid 
borosilicate glass mirrors because temperature gradients persist 
for a long time, but will not be significant in a structure that can 
rapidly be made isothermal. The Palomar 5-m, the Lick 3-m and 
the KPNO 2.1-m mirrors are ribbed Pyrex structures with 
thickness of faceplate and ribs of ~10 cm. Thermal distortion of 
these mirrors is generally below the 1 arcs level*'. At Steward 
Observatory we have undertaken to make large blanks consis- 
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Fig.3 A honeycomb-faceplate sand- 

wich mirror blank cast from borosili- 

cate glass as a single piece '*: it is 60 cm 

in diameter and 35 cm thick, with ribs 
6 mm thick on 15-cm squares. 


ting of 3-cm faceplates and still thinner wall honeycomb 
sandwiched between. These will be ventilated internally with air 
at ambient temperature, so equilibration will be rapid. A 
fundamental advantage is that mirror seeing, discussed earlier, 
will be eliminated. Two 60-cm test mirrors have been made from 
borosilicate glass: one has a slotted strut type of construction” 
and has been figured to a A/8 r.m.s. sphere. The other, a similar 
honeycomb sandwich but made by a single casting in a complex 
mould, is shown in Fig. 3. Thermal relaxation and structural 
properties of both mirrors are being investigated by inter- 
ferometry. Efforts are now directed towards casting in one piece 
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Fig. 4 Atmospheric-induced motion in one coordinate of two 

stars close to the North Pole separated by 50 arcs. Each data 

point gives the centre of gravity of an image integrated for 1/6s. 

The r.m.s. fluctuation of the difference in positions is 0.11 arcs 
(ref. 41). 
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a honeycomb-faceplate sandwich mirror 1.8 m in diameter that 
will be figured as a parabola and tested alongside the fused 
silica mirrors in the MMT. We hope to work up to a 7.5-m 
blank over the next few years. 

Ideas for reducing cost are needed in optical figuring. Tradi- 
tional methods of grinding and polishing are time consuming 
and expensive for aspherics. One solution was devised by 
Schmidt, to make the aspheric corrector plates for his camera. A 
glass blank is polished spherical by conventional methods while 
being stressed in such a way that on release it takes up the 
required figure. Lemaitre’* has demonstrated this method for 
making on-axis paraboids, making a diffraction limited //2 
parabola of 40 cm diameter. Nelson et al.” have extended the 
technique to make a precise off-axis parabola 35 cm in diameter, 
stressing the blank during manufacture with levers at the edge. 
The major effort of Kitt Peak National Observatory in the field 
of large telescopes is directed towards making matched off-axis 
elements 2m in diameter by the same method”. Precise 
tolerance in curvature (~1 in 10°) is needed if a large parabola is 
to be made from separately figured segments. Another area of 
concern’ is how these elements are to be made hexagonal, so 
they can be fitted together to make a nearly seamless surface of 
low thermal emission. Trimming a large thin circular mirror 
could disturb its figure as strain is relieved. 

Traditional methods of figuring glass are based on the fact that 
two rigid blocks rubbed against each other with abrasive 
between will develop surfaces that are very accurately spherical. 
Machines to do the rubbing need not have any great precision, 
they only have to drag one piece across the other in a suitable 
pattern. A different approach is used in the production of optical 
surfaces by diamond turning of metal substrates. This is done 
with an extremely accurate lathe, and a single diamond tool of 
large radius advanced gradually so as to leave a mirror-like finish 
with only very shallow grooves. Optical elements up to a metre 
or so with surface accuracy of the order of micrometres have 
been produced by this method. Polishing can then give surfaces 
with better than a wave accuracy and remove the small-scale 
structure”. 

Unfortunately, metal substrates have not yet been demon- 
strated that can withstand the repeated temperature cycling of 
mountain top observatories without gradually losing their 
shape. Glass, while stable, cannot be finished like metals with a 
single diamond, but precision direct machining is possible with 
an abrasive diamond grinding wheel. This can again bring the 
surface to within a micrometre or so of the final figure, minimiz- 
ing the work to be done in polishing. Large mirrors or segments 
would be turned on an air bearing about a vertical axis, and the 
tool moved across the surface as in Leighton’s*’ method of 
making precision radio telescopes. Parks and Angel” have 
worked out a scheme to make mirror segments in which the 
grinding tool moves on an arm turned about an axis inclined to 
the vertical, yielding naturally a very close approximation to a 
parabola. 


Electronic image stabilization 

Despite the electronic sophistication available, large telescopes 
are being built which rely exclusively on massive rigid optics and 
supports to maintain image quality: only the MMT has used 
active control to replace force rigidity. The potential for achiev- 
ing very large collecting areas by this technique at relatively low 
cost is enormous: the MMT has been built for about one-quarter 
the cost of its rigid equivalent. 

There are various ways that active correction might be made. 
For single-mirror telescopes (or individual elements of a bigger 
telescope) we can alter the forces that support the primary, or 
leave it alone and devise a mechanism to distort the secondary 
or subsequent mirrors. For high frequency control, Hardy's 
scheme’ uses piezo-electric actuators acting on the back of a 
thin mirror. Merkle et al. have demonstrated” an electrostatic 
force system. Magnetic actuators could be used for correction 
on a less rapid time scale. 














Fig. 5 The diffraction pattern computed by Meinel et al. for a 
phased circular array of six mirrors separated by 0.15% of their 
diameter. 40% of the total energy is within the first dark ring. The 
peaks in the continuous hexagonal ring reach 0.11 the intensity of 
the central peak, the six isolated peaks 0.06. The Airy pattern of 
one individual mirror, with a first dark ring of diameter shown by 
the white circle, has a resolution nearly four times poorer then that 
of the phased pattern 


To achieve a single focus in telescopes that have more than 
one collecting mirror we need to sense and correct the alignment 
of each mirror. In the MMT the tilt of individual secondary 
mirrors is controlled by micrometers driven by stepper motors, 
giving single steps of 0.05 arcs at the combined focus. Gabor” 
has demonstrated a ball screw actuator suitable for tilting 2-m 
primary elements with even higher angular precision. 

How do we derive the information necessary to make cor- 
rections? Elastic deflections arising from differing orientation 
with respect to the gravitational field are repeatable, and tables 
of corrections necessary for their compensation can be stored in 
the control computer. There will remain unpredictable errors, 
such as wind forces, uncompensated thermal gradients in the 
structure, and friction in mirror supports, and in the MMT these 
residual effects amount to about 1 arcs in image motion and a 
few tens of micrometres in pathlength error as the telescope is 
moved to different parts of the sky’. The residuals which might 
be achieved in a 15-m class instrument, probably not much 
worse than in the MMT, are comparable with the random 
wavefront error already present from atmospheric turbulence. 

To realize fully the potential of active optics, one must 
determine how rays from a star illuminating different parts of the 
reflecting surface come together at the focus, and feed back 
corrections to the active elements. This will correct both the 
structural errors and the large-scale wavefront errors, if done 
with a frequency response of a few hertz. One method is by 
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Fig. 6 Interference fringes spaced by 30 marcs in the highly 
magnified image of an unresolved star. The image was formed by 
two of the 1.8-m mirrors of the MMT, with a centre-to-centre 
spacing of 5 m. (Courtesy of E. K. Hege and P. A. Strittmatter.) 


automating the knife edge test: in its basic form the star image is 
focused on a sharp edge, such as a razor blade, and an auxiliary 
lens is used behind the edge to form an image of the primary 
mirror. A tilt of the wavefront in a particular region will then 
show as a bright or dark patch in the image. Hardy*' has used a 
scheme in which an oscillating grating cuts across the star image, 
and the pupil is imaged on a bank of photomultipliers. Phases of 
the signals from each photomultiplier then give the tilt error of 
each part of the pupil. A variant of this idea is where the 
reference star is imaged on a sharp four-sided pyramid, and each 
reflected beam passes through a Fabry lens to image the pupil on 
one of the four sensitive imaging detectors*. A complete map 
across the pupil of tilt of the wavefront in both directions is 
obtained by intercomparison of the four pupil images. An 
alternative method that does not use a knife edge uses a lens 
placed after the combined focus to image the pupil on an array of 
tilted mirrors. Each mirror directs light from a part of the pupil 
to a field reimaging lens, and imaging detectors monitor the full 
field image from each pupil segment. Image locations relative to 
a reference dot in the combined focal plane then give the tilt of 
each pupil segment. In both these schemes the problem of 
maintaining co-alignment of a multiple element telescope 
reduces to the same problem addressed by offset guiders in 
today’s single element telescopes. An automated system has to 
be reproduced for each section of the primary that will be 
independently corrected. 

For the wavefront error correction to work, one must either 
use part of the light from the program star itself, or use a field 
star close enough for it to share the same large-scale wavefront 
errors. The angular separation a of shared motion is approxi- 
mately d/h, where d is the scale of the wavefront error and A is 
the effective height of the wavefront disturbance. For d =2 m 
and h =4km (ref. 42), œ is about 2 arc min. Well correlated 
motion of two stars 50 arc s apart observed with a 1.8 m aperture 
in conditions of reasonably good seeing (1.2 arcs) is shown in 
Fig. 4 (ref. 43). 

Because much of the work of a large telescope will be with 
faint objects giving no useful signal for electronic stabilization, 
the capability for continuous fine tuning of the image relies on 
finding a guide star within the field of common motion. 
Fortunately, the development of CCD detectors of excellent red 
sensitivity means that adequate signals can be obtained. Con- 
sider, for example, stars of R magnitude <16, which with a 
red filter would stand out clearly even in full moonlight. At the 
sparsest regions near the galactic poles these have a density of 
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382 per square degree**, and will thus be found with 75% 
probability within a 2 arc min radius. The light from such a star 
collected by a 2-m element will give a signal of 8000 electrons 
s ' in a CCD, adequate to implement the schemes outlined 
above with a frequency response of a few hertz. 

When rapid wavefront tilt corrections are made to a telescope 
with continuous primary and secondary surfaces then instan- 
taneous large-scale phase errors are also removed. As discussed 
earlier, this should allow diffraction-limited performance to be 
achieved in the IR. Even if the full collecting aperture is made 
from separate elements it should still be possible to maintain 
correct phasing from tilt measurement provided that the ele- 
ments are close to each other, and that no steps are allowed to 
develop in the wavefront going from element to element. Rela- 
tive phases between elements can be established by occasional 
Observations of broad band interference in an unresolved 
reference source”. For a system of adjacent segments making a 
single surface, capacitive sensors such as those developed by 
Gabor*’ can be used to maintain accurately steps between 
adjacent mirrors. 

The diffraction pattern of MMT type telescopes when mul- 
tiple circular apertures are combined perfectly in phase has been 
explored elsewhere™* +*+“, The intensity at the central maximum 
of the pattern depends only on the total collecting area; at this 
point all the radiation is added in phase no matter where it was 
collected. The width of the central peak depends on the 
diameter of the full array. An exact calculation of a typical 
diffraction pattern is shown in Fig. 5. This is for a circular array 
of six mirrors, separated by 0.15% of their diameter. Such a 
close array could potentially be maintained in phase from tilt 
sensing. The power of such a telescope for IR imaging is realized 
when we consider the potential resolution at 10 um. Equation 
(1) shows that the phase errors over individual 6-m mirrors will 
get to A/10 or less in good seeing. An MMT configuration of six 
such mirrors with active correction of phase differences between 
mirrors would give images close to the diffraction limit of Fig. 5, 
that is 0.11 arcs FWHM of the central peak, the same as for a 
filled aperture of 22-m diameter. 

Although active wavefront correction to achieve directly 
diffraction limited images for visible light is not generally possi- 
ble, various interferometric techniques can be used to study 
spatial structures at the diffraction limit. Very large single mount 
telescopes will allow resolution of ~5 m arcs at 0.5 um. An 
example of interferometry between the full surface of two of the 
1.8-m mirrors of the MMT is shown in Fig. 6. The centres of the 
mirrors are separated by 5m, giving a fringe spacing of 
30 m arcs at the observed wavelength of 0.75 um. A specialized 
interferometric telescope array, such as Labeyrie is building, will 
give longer baseline and higher resolution than any single large 
telescope, but the latter will be able to reach considerably fainter 
objects*’. 


Instrumentation and operation 


We have focused on current ideas for making the large tele- 
scopes which, nevertheless, have excellent images; it is beyond 
our scope to review other characteristics, but we can indicate 
some of the challenges. 

The sensitivity of present large telescopes in the wavelength 
range below 1 um is being brought close to the theoretical 
maximum using silicon arrays. CCDs have near unit quantum 
efficiency and negligible noise for nearly all applications. We 
must also plan to use these detectors in very large tele- 
scopes: the challenge is to handle the inevitably large detector 
area. Because optics of present telescopes and spectrographs are 
close to the fastest practical speeds, increases in detector area 
proportional to the primary collecting area are inevitable. 
Detector areas from 10 to 1,000 cm’ will be needed, depending 
on the number of spatial and/or spectral resolution elements to 
be resolved in a single exposure. Just as we will probably make 
large collecting areas from more than one piece of glass, we will 
probably need to make the detector from more than one piece of 
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silicon. Many options exist for arranging detector chips in close 


mosaics, or in multiple smaller instruments. Some of the factors .. 


are discussed in ref. 18. 

Another challenge is to maintain a sizeable field of view for a 
very large telescope. With good detectors there will be an 
important role for precise photometry and objective spectros- 
copy“* of many thousands of objects at once in a wide field, With 
fibres automatically positioned in the focal plane and feeding the 
light along the slit of a spectrograph, dozens of objects can be 
observed over a wide field at once, with high spectral resolution 
if required**”. If the primary focal ratio is made very fast to 
keep down tube length and dome size in a single-surface tele- 
scope, difficulties can arise in obtaining a wide field. However, 


two-element reflecting correctors offer. a remarkable oppor- , 


tunity of obtaining a „large corrected field with a fast primary. 
An optimized design?’ of the Baker-Paul type”? explored in 
detail by ray. tracing has an f/1 primary and an f/2 corrected 


focus. The achromatic i images are no worse than 0.2 arcs over . 


a 1° field. 

The third challenge in a giant telescope is to maximize the 
operational efficiency. The best use is to match the type of 
observations to the conditions prevailing. Moonlight and twi- 
light are obvious factors but there are also unpredictable 
changes in transparency, seeing, water vapour, wind and clouds. 
Ideally one needs several complementary instruments, ready for 
use with only a few minutes time lost for interchanging. 
Astronomers need not be present at the site for observations 


with standard equipment: they could be called to a local data ~ 


terminal when their observations were to be made. Experiments 
in this type of operation. have already begun at Kitt Peak 
National Observatory”’. 

Multiple detectors, automated multiple object probes, auto- 
matic interchange of instruments, resident observing staff and 
communication with remotely located astronomers are expen- 
sive. When we consider, though, the. capital investment in a 
15-m class telescope, the costs of development, construction 
and operation of these instruments will not be disproportionate. 


Conclusion 


We are seeing the beginning of a new generation of large 
telescopes for optical astronomy, characterized by innovative 
methods of mirror fabrication and active feedback: to maintain 
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image quality. Large, rigid mirror substrates of honeycombed 
` glass are being developed, along with techniques for i inexpensive 
manufacture of precision aspheric surfaces. Advances in sensors 
and data processing now make it ‘practical to measure con- 
tinuously atmospheric distortion and make rapid corrections to 
the wavefront to improve image quality. Very large telescopes 


_ incorporating these, mirrors and active control should work 


better and cost less than if built by conventional means. 
Remarkable advances over current levels of performance, 
beyond simply collecting more photons, now seem within reach. 
A 15-m telescope can potentially, with a modest degree of 
wavefront correction, give images at 10 um approaching 
0.1 arcs in diameter. This is comparable to the diffraction- 
limited resolution of the space telescope in visible light. Inter- 
ferometry with the 15-m telescope.at visible wavelengths will 
allow the exploration of structures in faint objects at 5 marcs 
resolution, approaching the resolution achieved at radio 
wavelengths with interferometry over intercontinental base- 
lines. 

These unique advantages for higher spatial resolution argue 
that the first of the very large instruments should be a phasable 
design. However, when several very large telescopes are to be 
built it may be advantageous to design different complementary 
specialized types. For example, a very large telescope directed 
towards spectroscopy at shorter -wavelengths might take the 
form of an array of independent smaller telescopes, or of'a 
fixed spherical dish with tracking foci, and could be conveniently 
located on a lower mountain. Telescopes for thermal IR and 
submillimetre work need to be as high as possible for low water 
vapour and put a premium on the largest possible. phased 
aperture. Again, for high resolution interferometry widely 
spaced large telescope elements are needed that move smoothly 
along the ground. Each type has a place. 

This review has benefited from discussions with colleagues 
at the University of Arizona and the Smithsonian Institution. 
.In particular, Nick Woolf inspired the discussion of atmospheric 
effects and has made many suggestions for improving the manu- 
script. I also thank Jacques Beckers and his staff. at the MMT, 
for it is at this telescope that we are working out many of the 
basic new ideas common to proposed advanced telescopes. 
Work was supported by the NSF under en AST 78-22714 

and NASA NAGW-121. 
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Chain silicates, both naturally-occurring and synthetic, exhibit ‘backbone repeat’ patterns of comer-linked Si O; tetrahedra. 
A + * + eje “a 

The extent to which these repeats may be interpreted or predicted, as a function of the associated cation M°” (in the general 

formula MSiO3), is discussed, and the broader issues involved in the theoretical simulation of the structures of inorganic 


silicates are considered. 


NATURALLY-occurring and synthetic silicates display an 
extensive range of structural types including isolated anions, 
chains, rings, sheets and various kinds of framework, all based 
on SiO; tetrahedra’. The diversity of structural types is 
exceptional, being matched only by the borates, where both 
trigonally and tetrahedrally bonded atoms may occur‘. Even so, 
the total number of known silicate structures is substantially less 
than that theoretically predicted on simple topological 
arguments. Several attempts”® have been made recently to 
rationalize and interrelate the structures of the silicates using 
largely qualitative solid-state, chemical principles. We have 
pursued a quantitative approach with the hope, ultimately, of 
predicting the behaviour of many different kinds of novel sili- 
cates. Such computations also offer an attractive method of 
assimilating new structural information brought to light™? by 
real-space crystallography, using high-resolution electron 
microscopy (HREM). In particular, we have sought to interpret 
the structure composition relationships that have emerged from 
HREM studies of the so-called pyroxenoid silicates". 

The pyroxenoids possess a general formula MSiO, (M =Ca**, 
Fe**, Mn**, Mg” and so on). They display intriguing variability 
in their structural types and inter-relationships. The difference 
between individual members of this family manifests itself in the 
backbone repeat patterns of the single chain of corner-sharing 
SiO? tetrahedra. 


Nature of the experimental facts 


Figure 1 shows the various kinds of backbone repeat patterns 
characteristic of the diopside (CaMg(SiO,},), wollastonite 
(CaSiO,), rhodonite ((Mn, Ca)SiO3) and pyroxmangite ((Mn, Fe, 
Ca, Mg)SiO,) structures. In wollastonite, three SIO4 tetrahedra 
constitute the unit (7.3 A in length); in rhodonite, the five-unit 
repeat runs to 12.5 A; whereas in pyroxmangite the seven-unit 
repeat is 17.4 A. Diopside, with a two-unit repeat (5.2 A), is an 
archetypal member of the pyroxene family of chain silicates: the 
other three are pyroxenoids. 

X-ray studies of naturally-occurring and synthetic analogues 
of pyroxenoids are fraught with difficulties principally because 
of the occurrence of complicated intergrowths of various 
members of the pyroxenoid range of structures. Great headway 
can, however, be made’*'’ by real-space direct methods 
(HREM) as may be seen in Fig. 2. Although it is difficult to be 
sure that equilibrium states have been reached, certain pref- 
erences for given pyroxenoid structures can be noted for given 
cations (or stoichiometric ratio of cations). Thus, as the synthetic 
pyroxenoid of formula Mn;MgSi,O,., emerges from the glassy 
state, the pyroxene structural type is first seen to predominate, 
with embryonic regions (a few unit cells in width) of various 
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other pyroxenoids (Fig.2a). Eventually (after prolonged 
annealing at 800 °C) a marked propensity for the pyroxmangite 
structural type prevails (Fig. 2c); but an intermediate stage 
(Fig.25) may be detected by HREM in which strips of 
wollastonite are inserted regularly to produce small regions of 
pyroxmangite. 

Likewise the synthetic pyroxenoid of formula MnFeSi Os first 
displays some individual strips of nine-unit backbone repeats 
(that is the ferrosilite [11 structure which has a unit length of 
22.7 A) interspersed amongst pyroxmangite and rhodonite 
structural types (Fig. 3a). Gradually (Fig. 34), five-unit repeats 
gain ascendancy, and a well-ordered rhodonite (five-unit repeat) 
ultimately prevails. 





Fig. 1 Illustration of the pyroxenoid structures referred to in the 
text. a, Diopside (two unit repeat}; 4, wollastonite (three unit); c, 


rhodonite (five unit); a, pyroxmangite (seven unit). 
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One key question to which our simulation studies are addres- 
sed is which structural type is preferred for a particular cationic 
sublattice? A related question raises the issue of whether mixed 
cations (ordered or disordered?) can tilt preference from one 
structural type to another? 

Knowing the success that procedures using pair potentials 
have achieved in interpreting the behaviour of molecular crys- 
tals, and organic solid-state chemistry'**', it seemed appro- 
priate to evolve computationally more advanced procedures 
that could cope with the demanding set of circumstances asso- 
ciated with the silicates. Fortunately, the techniques developed 
by C.R.A.C. and Norgett®’**, which have proved successful in 
the study of non-stoichiometry, extended defects and superionic 
conductivity, have considerable value in the present context and 
promise much more extensive interpretive scope in silicate 
chemistry. It has been shown** >? that simulation techniques can 
elucidate the nature of the complex defect aggregation modes in 
heavily defective systems such as Fe,_,O (ref. 26) and UO2+, 
(ref. 27), and identify the factors that determine whether 
compositional variation is accommodated by extended rather 
than by point defects***” 


The simulation procedure 


The methods are, at least conceptually, simple. A potential 
model is used to describe the interactions between the ions in the 
crystal; the energy of the crystal is then minimized with respect 
to all structural parameters. [The methods do not explicitly 
include the effects of thermal motion. However, this omission is 








Fig. 2 a, HREM of Mn,MgSi,QO;> after 30 min annealing at 

800°C. The structure is mostly pyroxene, interspersed with 

wollastonite units to produce a variety of pyroxenoid structures. b, 

More ordered structure in Mn,MgSi,O,;> showing a propor- 

tionately greater quantity of the pyroxmangite (seven unit repeat) 

structuré. c, Ordered pyroxmangite structure produced by 
prolonged annealing of Mn,;MgSi,O;>. 


unlikely to affect seriously the use of the methods for structural 
predictions. ] In contrast to this conceptual simplicity the actual 
computational techniques are sophisticated. This relates first to 
the handling of the summation procedures, where we have 
developed procedures available in the PLUTO lattice simula- 
tion code” to evaluate the long-range electrostatic interactions. 

(Our methods are based on the Ewald transformation which 
replaces a slowly convergent summation in real space with a 
rapidly convergent reciprocal space sum). Second, efficient 
minimization methods are vital if we are to cope with large unit 
cells. Earlier work showed the advantages of Newton—Raphson 
procedures which result in rapid and stable convergence’, 

Special problems arise when the minimization procedure adjusts 
unit cell dimensions in addition to ion coordinates—an essential 
feature in the simulation of silicates. 

Application of the techniques to silicates requires first, 
development of adequate potential models for these materials 
and second, adaptation of minimization procedures to handle 
the complex structural problems posed by these systems. 


Potential models for the silicates 


Successful simulation studies of transition metal and actinide 
oxides have been based on ionic model potentials with two- 
body, short range potentials described by a simple analytic 
function (generally of the Born—Mayer or Buckingham form). 
Although the ionic model is clearly an approximate description 
of the bonding in these oxides, there is growing evidence (which 
includes the success of the calculations) that the approximation 
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Vir) =A exp (-1/)~C/° 





a | C ; — 
A (eV) e(A) — CleV A®) 

07" -07"* 2,2764.3 0.1490 > 27.88 
Mg” -0% 2,214.39 0.2756 © 4,45 
Ca**-07"+ 1,996.35 0.3189 26.57 
Sr°°-07"+ 2,187.61 0.3377 64,08 
Mn**-O7"} 2,618.35 0.3033 27.46 
Fe**-O7"+ 2,886.3 0.2973 29.73 
si**-07- 998.98 0.3455 0.0 
* See refs 27, 39. 
t See ref. 44. 


is good for materials such as TiO, (ref. 31) NiO (ref. 32) and 
UO, (ref. 27). To what extent, however, has the model any 
validity when applied to quartz and to silicates? To answer this 
question we must first consider the meaning and implication of 
the term ionicity. 

Following Cochran”? we note that there are two distinct 
(although related) operational definitions of this concept, The 
first concerns the distribution of valence shell electron density, 
and although we have no definite evidence, use of this criterion 
would almost certainly suggest the inapplicability of the ionic 
model to silicates. The second criterion, which has much greater 
relevance to the present study, is in terms of interatomic forces 
and the response of the crystal to external perturbations (elastic 
or electrostatic) or internal structural modifications (such as the 
formation of defects or the introduction of impurity ions). In this 
context a solid is regarded as ionic if a description of the lattice 
based on ions can correctly predict (1) the lattice energetics of 
the solid, (2) its elastic and dielectric properties and (3) the 
formation energies of defects and structural response of the 
lattice to the introduction of disorder. This latter criterion is 
equally valid to, but distinct from, the former. It is essentially a 
definition in terms of forces rather than charge distribution, In 
the context of the debate on the extent of ionicity in solids, it is 
important that this distinction in the connotation of the term 
should be appreciated. We shall show below that the ionic model 
forms a reasonable basis for the simulation of silicates. 

We have therefore developed ionic model potentials which 
are generally applicable to ring and chain silicates. Our pro- 
cedure: differs from that adopted in earlier studies of simpler 
inorganic oxides”??? where variable parameters in a general 
potential model were adjusted so as to give the best fit to 
experimental elastic and dielectric data. Such data are in general 
unavailable for minerals. However, the structures of complex 
low symmetry crystals are themselves a rich source of inter- 
atomic potentials, because, in such crystals a given type of 
interaction potential (say silicon- oxygen) is generally sampled 
over a wide range of separations. (This fact has already been 
successfully exploited”*, in developing a potential model for 
ZrO, from the low temperature, low symmetry structure.} We 
have, therefore, used the structural data available ona range of 
chain and ring silicates to develop our generalized potential 
model for these systems. 

The precise procedure is as follows. First, we define the form 
of our potential model which has two main features: (1) the 
crystal is simulated by point entities of integral charge; and (2) 
short-range forces are included for the Si---O and O---O inter- 
actions (we discovered that inclusion of Si---Si interactions over 
short-range was not necessary in order to reproduce structural 
data on ring and chain silicates—a result which is apparently at 
variance with recent suggestions’**°* concerning the 
dominance of these interactions in determining the structures of 
minerals.) The short-range forces are described by a potential of 
the form: 
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For the O---O interaction we took parameters (reported in 


. Table 1a) which were derived from a quantum. mechanical 


calculation of the interacticns between two QO?” ions””””. For the 
interaction between the metal cations and, oxygen in the 
minerals studied, we used parameters obtained for the appro- 
priate metal oxide. All metal-oxygen parameters used are listed 
in Table la. Interactions between metal and Si** ions were 
ignored, as these are negligible at the interatomic spacings in 
silicates. The parameters A, p and C for the Si---O interactions 
were taken as variables and were fitted to the structural data. 
This procedure involves adjusting the parameters until the 
forces acting on all atoms in the unit cell are zero, and the unit 
cell itself is in equilibrium with its observed dimensions. This is 
achieved by a second application of the. PLUTO program, 
which, given a specified structure and potential, calculates both 
the forces acting on the individual atoms in the cell and forces of 
dilation or contraction acting on the unit cell as a whole. The 
program is linked with a least-squares routine which minimizes 
these forces with respect to the variable potential parameters. In 
practice, for relatively simple potentials of the type we have 
used, it is not possible to derive a fully strain-free potential. 
Thus, to check that our final fitted potential is in adequate 
agreement with the structural data, we allow the structure to 
equilibrate (that is achieve its minimum energy configuration by 
adjusting all structural parameters) using the potential, Our 
criterion for the acceptability of the fitted potential was that in 
the process of equilibration no atom should be displaced from its 
observed position by more than 0.25 A. In general the dis- 
crepancies were much smaller than this figure (typical values 
were 0.1 A). However, the neglect of thermal motions by our 
calculations when combined with the errors in the crystallo- 
graphic data could lead to a discrepancy of this magnitude in an 
extreme case, although in general we would expect a good 
potential to give better agreement with high quality structural 
data. 

The above procedure was applied to the six silicates listed in 
Table 2. We found that a single set of parameters listed in 
Table 16 for the potential could fit the observed structural data 
for the crystals, which include structures based on isolated SiO, 
units as well as rings and chains. On the basis of the second of the 
two criteria given below, the result supports the suitability of the 
ionic model for describing the bonding in these systems. The 
model yields correct structures for those crystals in which there 
is a considerable range of structural variation. The implication is 
that the forces in the silicate lattice are being described correctly, 
and this conclusion is supported by calculations of the lattice 
energies. Studies of silicates have been reported using ionic 
model potentials*’~**; and the work of Jenkins et al.*'*? has 
clearly demonstrated the accuracy of lattice energy calculations 
using these potentials We should note, however, that it is much 
more difficult to derive potentials which satisfactorily model 
structural data on more condensed silicate systems, that is layer 
and framework structures. Investigation of more sophisticated 
models for these systems is continuing. l 

We should emphasize the important differences between the 
approach adopted here and that used in earlier theoretical 
studies of mineral systems. First our approach is fully quan- 
titative including representations of short range as well as 
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Table2 Mineral structures used in calculating short-range parameters 
for silicon-oxygen interaction 





Name Formula unit Ref. 
Monticellite CaMeSiO, 45 
Sillimanite Al,SiO.; 46 
Sphene Ca(TiO)SiO, 47 
Benitoite BaTi(SiO3), 48 
Diopside CaMa(SiO;), , 49 
Jadeite NaAl(SiO3)5 49 
8-Wollastonite CaSiO, 50 
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Fig. 3 a, Disordered pyroxenoid 
structure produced by annealing a 
glass of composition MnFeSi.0g. 
{The nine-unit repeat has the so- 
called ferrosiliten) structure.) b, 
Ordered rhodonite (eight five-unit 
repeat) structure predominating 
after annealing of MnFeSi Os. 


electrostatic terms (which are the sole terms considered in 
several previous studies*'**). Second, structural data are used as 
a source of interatomic potentials. Third, energy minimization is 
used in predicting structural properties. 

Further information on the viability of our parameterized 
potential will follow from the study of the structural effects of the 
variation of the divalent cation present in chain-structured 
systems. Before presenting the results of such calculations the 
problem of energy minimization must, however, be considered. 


Minimization methods 


Two points are of general importance to the simulation of 
complex crystal structures. The first concerns the adjustment of 
unit cell dimensions in such calculations. We found that, for 
example, on varying the nature of the divalent cation present ina 
pyroxenoid silicate it was inadequate merely to adjust the 
coordinates of the ions surrounding the divalent cation. It was 
also necessary to include dilation (or contraction) of the unit cell; 
and, moreover, the dilation must be allowed to be anisotropic. 
Indeed, failure to include anisotropic dilation may lead to 
qualitatively inconsistent results. 

The second point concerns the question of the precise mini- 
mization techniques. Our general approach was to modify the 
unit cell dimensions followed by an iterative adjustment of the 
atomic coordinates until these are in equilibrium with respect to 
the new cell. Subsequent cycles then effect further variation of 
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the cell dimension and the procedure continued until a structure 
is attained which is in equilibrium with respect to both unit cell 
parameters and atomic coordinates. Note that in adjusting unit 
cell dimensions it is very important to vary the angle between the 
axes of the cell as well as the lengths of the cell edges. Failure to 
include this feature will drastically reduce the efficiency of the 
minimizations. We should also note that the equilibrated cell 
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Fig.4 Plot of energy (per mol SiO;) relative to that of diopside as 

a function of radius of the cation M”. The arrow ({) indicates 

stabilization arising from the mixed cation effect in Mn3Mg; 
@, result calculated for average cation radius. 
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dimensions were within 2% of observed values for all 
compounds for which crystallographic data are available. 


Results and discussion 


Calculations were performed on the four pyroxenoid structures, 
diopside, wollastonite, rhodonite and pyroxmangite. In each 
case the structures were investigated with the five cations Mg’”, 
Ca**, Fe”, Mn**, and Sr**; a full minimization was performed 
both with respect to the unit cell dimensions and the ion 
coordinates. The results are summarized in Table 3, where we 
give the lattice energy of the equilibrated structures per Si atom; 
and Fig.4 displays the calculated energies relative to that 
obtained for the diopside structure. 

The following conclusions may be drawn from these cal- 
culations: (1) The pyroxmangite and rhodonite structures are 
never energetically favoured with respect to the diopside and 
wollastonite structures. (2) Pyroxmangite and rhodonite have 
very similar lattice energies especially for Fe?” and Mn’*”. (3) 
The most energetically favoured structure is found to be wollas- 
tonite for all ions except Mg** for which diopside is preferred. 
The energetic preference for the wollastonite structure increases 
with the radius of the cation, 

The first of the above conclusions does not apparently accord 
with the experimental data as stable rhodonite and pyrox- 
mangite structures are observed. However, in most cases these 
are found with mixtures of divalent cations, for example, the 
structural pyroxenoid Mn,Me(SiO;),, mentioned earlier, which 
has the pyroxmangite structure (Fig.2). We investigated 
whether these structures could be stabilized by the presence of 
several, rather than one type of divalent cation. In practice, such 
calculations could be more conveniently performed on the 
rhodonite structure with 3/4 Mn** and 1/4 Mg” cations. (The 
Mg*~ cations were allocated to the smallest cation sites in the 
crystal.) The result was compared with that for a crystal in which 
all the divalent cations are the same with a potential taken as a 
weighted average of that for Mn---O and Mg---O interactions. 
The former was more stable, relative to the diopside structure, 
by 0.6eV, than the latter, which gives an estimate of the 
magnitude of the ‘mixed-cation’ effect in this structure. 

The wollastonite structures were stabilized by only 0.2 eV by 
this mixed cation effect, when this was calculated in an analo- 
gous fashion. Thus, although the relative stabilization of the 
rhodonite structure by the mixed cation distributed is 
insufficient in this particular case to render this structure more 
energetically favourable than wollastonite, the effect is clearly 
large and may be decisive in certain cases. One situation for 
which this appears to be so is CaMg(SiO;),, which when an 
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Table 3 Calculated lattice energy of MSiO, per Si atom 





Structure 

Cation Diopside Wollastonite Rhodonite Pyroxmangite 
(M°*) (eV) (eV) (eV) (eV) 
Mg 163.534 163.133 162.909 161.888 
Fe 159.673 159.682 158.582 158.754 
Mn 159,204 159.285 158.311 158.232 
Ca 158.424 158.622 157.921 157.496 
Sr 156.081 156.725 155.564 155.359 
Mn3Mg 159.754 160.137 159.431 — 
(Mn3Mg) 160.216 160.126 159.254 — 

composite* 
CaMeg 161.139 160.683 160.130 —_ 
(CaMg) 160.958 160.778 159.926 — 

composite” 





Lattice energies are all calculated as negative quantities; the modulus 
is given in the table. 

* (M, Mo) indicates a hypothetical ion with anionic radius equal to the 
mean of M, and Mo. 


‘average’ potential is used, is calculated to be more stable in the 
wollastonite structure, but when a proper mixed cation dis- 
tribution is used is found to have greater stability (by 0.6 eV per 
Si) in the diopside structure as is observed experimentally. 

The results for CaMg(SiO;). and CaSiO, are thus most 
encouraging. Each is correctly predicted to have the structure 
that is observed experimentally. Moreover, the trend in the 
variation with ionic radius of the relative energies of the wollas- 
tonite and diopside structures is in accord with experiment. It 
remains an open question as to whether rhodonite and pyrox- 
mangite structures are ever thermodynamically stable with 
respect to the wollastonite structure. On the basis of our results 
we suggest that pyroxenoids are metastable when they crystal- 
lize exclusively into either the rhodonite or pyroxmangite 
structures. Our computations also show that both structures may 
be stabilized if there is a mixed cation sublattice of the kind 
discussed above. 

We shall show elsewhere that computations of the kind 
presented here also reveal much valuable information, pertain- 
ing to the behaviour of aluminosilicates such as zeolites. In 
particular the energetics associated with various possible Si, Al, 
ordering schemes’'** are assessed; and it transpires that the 
total energy of the aluminosilicates can be a sensitive function of 
cation position. 

We thank the SRC for support and AERE Harwell for 
generous provision of computer time. 
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The nucleotide sequence of a complete cDNA copy of enkephalin precursor mRNA from human phaeochromocytoma is 
reported. The corresponding amino acid sequence shows that the precursor is 267 amino acids long and contains six 
interspersed Met-enkephalin sequences and one Leu-enkephalin sequence. Five of the seven enkephalins are flanked on 
both sides by pairs of basic amino acid residues. The precursor does not contain the sequences of the opioid peptides, 


dynorphin, a-neo-endorphin or B-endorphin. 
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A NUMBER of peptides have been isolated in the past 6 years 
that exhibit opioid activity. The simplest of these are methionine 
(Met)- and leucine (Leu)-enkephalin first identified in brain 
tissue in 1975 (ref. 1)'. The other opioid peptides are C-terminal 
extensions of either Leu-enkephalin or Met-enkephalin. For 
example, B-endorphin is a C-terminal extension of Met- 
enkephalin**, and dynorphin* and a-neo-endorphin” are C- 
terminal extensions of Leu-enkephalin (Fig. 1). 

Because of the structural similarities of these peptides it was 
postulated that 8-endorphin is the precursor of Met-enkephalin 
and that dynorphin (or a-neo-endorphin) is the precursor of 
Leu-enkephalin. However, in the past 2 years it has become 
clear that the enkephalins are derived from a different gene 
product than B-endorphin, and that B-endorphin is synthesized 
from a protein, pro-opiomelanocortin (POMC), that contains 
sequences of adrenocorticotropic (ACTH) and melanocyte 
stimulating (MSH) hormones” “. The source of the enkephalins 
has been elucidated recently by studying the biosynthesis of 
these peptides in bovine adrenal medulla®'®. Enkephalin 
peptides are abundant in adrenal medulla and can be released by 
neurotransmitters specific for that tissue. Several enkephalin- 
containing peptides have been purified from chromaffin 
granules of the bovine adrenal medulla and shown by sequence 
analysis to contain more than one enkephalin sequence”™””. 
These studies suggest that a precursor protein exists which 
contains multiple copies of the enkephalins and that the 
enkephalins can be released from this protein by digestion with 
trypsin-like enzymes”"'”. 

Enkephalins are also abundant in human phaeochromocy- 
toma, a tumour derived from the adrenal medulla. The RNA 
from this tumour contains a high level of enkephalin mRNA 
sequences as demonstrated by cell-free translation studies’. 
Therefore, we have used human phaeochromocytoma as 4 
source of human proenkephalin mRNA for the preparation 
and cloning of human enkephalin cDNA. 

We have previously shown that a synthetic oligodeoxy- 
nucleotide probe pool complementary to a mRNA sequence 
that codes for Met-enkephalin can be used to detect a pro- 
enkephalin mRNA species in bovine adrenal and human phaeo- 
chromocytoma by the Northern blot procedure’. These species 
of RNA are between 1,400 and 1,500 bases long. In the present 
study we have used the same probe to identify transformants 
containing recombinant plasmids with inserts of human pro- 
enkephalin cDNA. In this manner we have been able to derive 
the nucleotide sequence of DNA complementary to the entire 
human proenkephalin mRNA sequence. 


Isolation of cDNA clones 


Poly(A) RNA was isolated from human phaeochromocytoma 
tissue as previously described’. Northern blot analysis of this 


RNA, using an enkephalin pentadecamer pool 
(5. CATSAAGCCGCCCTA:::3’) containing two possible 
mismatches with the enkephalin-coding mRNA sequence, 
revealed that proenkephalin mRNA constitutes ~0.1% of the 
total poly(A) RNA from this tissue’. A four- to fivefold 
enrichment of enkephalin mRNA was achieved by density 
gradient sedimentation (Fig. 2). A clone bank of 15,000 tetra- 
cycline-resistant transformants was made from cDNA copies of 
the enriched enkephalin MRNA. 

To screen and maintain the phaeochromocytoma clone bank, 
7,000 transformants were picked and grown in 96-well micro- 
titre plates. All cultures were transferred in ordered arrays to 
nitrocellulose for in situ hybridization with *’P-labelled Met- 
enkephalin pentadecamer probe pool. Seventeen colonies 
hybridized strongly with the pool (Fig. 3). Plasmid DNA was 
isolated from the corresponding cultures and the size of cDNA 
inserts examined after endo PstI cleavage by polyacrylamide gel 
electrophoresis. Most of the plasmids were found to contain 
both a 410 and a 600 base pair (bp) fragment. Several plasmids 
contained a third fragment of varying size. Two of the latter 
plasmids with the biggest inserts were selected for nucleotide 
sequencing together with the 600 and 410 bp fragments. 


Sequencing strategy 


To determine the nucleotide sequence of the cDNA inserts, 
recombinant plasmid DNA was cleaved with endo PstI and the 
DNA fragments were cloned into the PstI site of the bacterio- 
phage vector Mi3mp7 RF-DNA. The single-stranded DNA 
prepared from recombinant phage served as a template for 
enzymatic sequencing reactions in the presence of chain 
terminators”? using a synthetic oligomer as universal primer’*. 
Figure 4 shows the entire nucleotide sequence of prepro- 


enkephalin mRNA as derived from sequencing the cDNA 


inserts of two separate clones. One insert contained the entire 5’ 
portion of the mRNA and ended ~20 nucleotides after the 
termination codon. The other had the entire 3’ end but did not 
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Figo i Structure of the opioid peptides. Only a partial structure of B- 
endorphin is shown. LPH, lipotropin. 
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contain the region corresponding to the 5’-untranslated region 


of the mRNA and the portion coding for the signal peptide 
(leader or presequence). 


Primary structure of enkephalin 
precursor mRNA 


The mRNA coding for Met- and Leu-enkephalin is 1,350 
nucleotides long (Fig. 4), close to the size of 1,400 nucleotides 
observed in Fig. 2b. The 5'-untranslated region is remarkable for 
being >200 nucleotides long. We do not know how many 
nucleotides dre missing from the capped 5S’ end of the mRNA. 
As artefacts can occur in the cDNA corresponding to the 5’ end 
of the mRNA, we cannot rule out that the actual mRNA 
sequence is different in this region’*. The 5’ end features several 
stretches of homo-oligomeric pyrimidines, especially runs of 
UMP. The coding region starts with the first AUG and consists 
of 267 triplets with seven interspersed small repeat units cor- 
responding to the enkephalin sequences. The 3’-untranslated 
region is 320 nucleotides long and is rich in UMP with several 
homo-oligomeric pyrimidine stretches towards the 5’ end. An 
AAUAAA sequence common to most mRNA species!® is 
found 19 nucleotides before the poly(A) tail. It is curious that 
another such sequence occurs 20 nucleotides upstream. With 
both sequences represented in the chromosomal gene, it is 
possible that two populations of mRNA exist which contain 
either one or both sequences. 


Primary structure of enkephalin 
precursor protein 
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Fig. 3 Ja situ colony screening of a human phaeochromocytoma cDNA 
library using °*P-labelled enkephalin pentadecamer pool. Sucrose gradient 
fractions containing enkephalin mRNA (Fig. 2, lane 2) were pooled and used 
to direct the synthesis of single-stranded cDNA using reverse transcriptase 
and oligo(dT) as primer. Double-stranded cDNA was prepared using the 
large fragment of DNA polymerase I (Boehringer Mannheim), and the 
hairpin loops were cleaved with S, nuclease (Miles). Double-stranded 
S,-treated cDNA was fractionated on a 10% polyacrylamide gel and cDNA 
600-2,000 bases long was eluted. Forty ng of size-fractionated cDNA were 
obtained from 2 pg of enriched poly(A) RNA. Poly(dC) homopolymeric 
extensions were added to the Y end using terminal transferase (PL Bio- 
chemicals). A clone bank cf human phacochromocytoma cDNA was pre- 
pared by annealing the poly(dC_-tailed cDNA to endo Psl-cleaved plasmid 
pBR322 DNA tailed with dGMP**, and the mixture used to transform 
competent Escherichia coli 294 cells, Approximately 15,000 tetracycline- 
resistant transformants were obtained from which <3% were ampicillin 
resistant. Seven thousand tetracycline-resistant colonies were picked and 
grown in 96-well microtitre plates. Colonies were transferred from the 
microtitre plates to nitrocellulose filters placed on 15cm LB Petri plates 
containing 5 zg ml"! tetracycline using a 96-prong stainless-steel stamp. 
Colonies were grown on the filters for 6 h at 37 °C after which the filters were 


transferred to Petri plates containing LB with 12.5 ~gmi-' chloram- 
phenicol, and amplified overnigat. Filters were lysed, neutralized and pre- 
pared for hybridization as described in ref. 27. Prehybridization of filters was 
for 6h at 30°C in 4x SSC, 2x Denhardts, 40 mM NaPO,, pH 7.8, and 
300 ug ml! heat-denatured herring sperm DNA. The pentadecamers were 
phosphorylated using T, polynucleotide kinase (New England Biolabs) and 
a b (y-"PJATP (NEN) to a specific activity of 2x10°c.p.m. pmol, *P- 
pag labelled probe pool was purified by chromotography on 10 mi Sephadex 
G-50 columns. Each 15x7 em filter was hybridized in 2 mi of the above 
hybridization mixture at 30°C for 20h containing 4x 10° ¢.p.m. penta- 
decamers. Filters were washed fcr 15 min, once at 25 °C and twice at 30°C, 
in 4x SSC, 0.1% SDS, dried and exposed to X-ray film. Autoradiography 
was at ~70 °C for 2 h using intensifier screens, Results are shown above for 
several filters containing positive signals, 


The first 24 amino acids of the precursor protein have the 
characteristics of a leader sequence containing many hydro- 
phobic amino acids, particularly Leu (Fig. 4). As Ala is the most 


1800 - 

common amino acid preceding the cleavage site of leader 
353 - sequences’ ’, we tentatively conclude that the leader sequence 
pte : ends after Ala 24, as indicated in Fig. 5, although Ala 20 is 
Sar a another possible termination site. The N-terminal one-third of 


the mature proenkephalin molecule does not contain any 
enkephalin sequences but consists of a 73 amino acid peptide 
(residues 25-97 in Fig. 4) containing all six Cys residues in the 
protein. A proper folding for efficient processing is probably 
ensured by the formation of disulphide bridges in this part of the 
precursor, 

It is tempting to speculate that the occurrence of multiple 
enkephalin sequences in the same molecule is due to duplication 
events of one small genetic unit in the distant past. If so, 
sequence changes dictated by diversified functional and 
processing requirements may have erased most of the support- 
ing evidence, as can be seer by analysing the structure of the 
regions that separate the enkephalin units. The length of these 
‘spacer’ regions ranges from 2 amino acids (between units 1 and 
2) to 41 (between units 3 and 4). Four of these spacer regions 
contain highly hydrophilic sequences with several Glu and Asp 
residues in a row. The spacer peptide that separates Met- 
enkephalin unit 5 from Leu-enkephalin is missing this hydro- 
philic feature. It is interesting to note that this peptide (peptide 
E) is totally conserved in the bovine and human enkephalin 
precursors and is a more potent opioid agent than the en- 
kephalins'’. Perhaps processing of the hydrophobic spacer is 
less efficient than processing of the hydrophilic spacers. The 
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Fig. 2 Northern hybridization analysis of human phaeochromocytoma 
poly(A) RNA using enkephalin probes. a, Fifty wg of human phaeo- 
chromocytoma poly(A) RNA was fractionated on a 5-35% linear sucrose 
gradient at 4 °C for 16 hina Beckman SW41 rotor at 35,000 r.p.m. Fractions 
from the gradient were precipitated and washed with EtOH and the pellets 
were resuspended in 10 wl of H,O. Two wl aliquots from alternate fractions 
(0.8 ug) were denatured with glyoxal and electrophoresed in a 1.75% 
agarose gel for 3h at 100 V, RNA was transferred from the gel to nitrocel- 
lulose**. The RNA blot was hybridized with 6 x 10’ c.p.m. of °*P-labelled 
pentadecamer probe pool ($x 10°c.p.m, pmol t) in 5 ml of 4xSSC, 1x 
Denhardts, 0.1% SDS and 100 yg mi"! yeast tRNA at 30°C for 2 days. 
Hybridization and washing of blots was done as described previously’. 
Autoradiography was for 16h at -70°C using Dupont lightning plus 
intensifying screens. The top of the gradient is at the left hand side of the 
chart. b, Five ug of human phaeochromocytoma poly(A} RNA was hybrid- 
ized with 1 x 10’ c.p.m. pentadecamer probe pool (5x 10° c._p.m. pmol”? 
lane 7) and 3 x 10° c.p.m. of nick translated pHPE 41 containing a nearly 
full-length proenkephalin cDNA insert (4x 10° c.p.m. ug '; lane 8). The 


eee EA LE A CCN LOTTA BUH CAH tRNA rant reer eres rien envision 


length scale (number of nucleotides) was constructed by running glyoxal- 
denatured DNA fragments of Haell digests of phase ®X174 RF-DNA and 
Hind digests of phage A DNA on adjacent lanes of the gel. 





hydrophobic spacer might ensure that peptide E is released 
intact from the precursor to serve as an opioid agent or another 
kind of regulator. oe 





Nature’ Vol. 295 25 February 1982 e665 





HUMAN PREPROENKEPHALIN mRNA 


51 — CUGGGGCCUCGGGGCCACCAGUGGGAAAAGAUAUUAAAAUCUCAUAAAUCCUCCGUAUCUUUUUUCCAUUUCAGGAACUUCUUUGGAGUAACUUUCGCCUUCUUCG 
UCGGAGGCAGAGCCCCGCAGCCUGGCCCGUGACCCCGCAGAGACGCUGAGGACCGCGACGAGUCGUGUCUGAACCCGGCUUUUCCAAUUGGCCUGCUCCAUCCGAACAGCGUCAACUCC 


l 10 20 30 
AUG GCG CGG UUC OUG ACA CUU UGC ACU UGG CUG CUG UUG CUC GGC CCC GGG CUC CUG GCG ACC GUG CGG GCC GAA UGC AGC CAG GAU UGC 
met ala arg phe leu thr leu cys thr trp leu leu leu leu gly pro gly leu leu ala thr val arg ala glu cys ser gln asp cys 


40 50 60 
GCG ACG UGC AGC UAC CGC CUA GUG CGC CCG GCC GAC AUC AAC UUC CUG GOU UGC GUA AUG GAA UGU GAA GGU AAA CUG CCU UCU CUG AAA 
ala thr cys ser tyr arg leu val arg pro ala asp ile asn phe leu ala cys val met glu cys glu gly lys leu pro ser leu lys 


; 70 80 90 
AUU UGG GAA ACC UGC AAG GAG CUC CUG CAG CUG UCC AAA CCA GAG CUU COU CAA GAU GGC ACC AGC ACC CUC AGA GAA AAU AGC AAA CCG 
ile trp glu thr cys lys glu leu leu gln leu ser lys pro glu leu pro gin asp gly thr ser thr leu arg glu asn ser lys pro 


100 110 120 
GAA GAA AGC CAU UUG CUA GCCIAAA AGG|UAU GGG GGC UUC AUG|AAA AGG|UAU GGA GGC UUC AUGIAAG AAAIAUG GAU GAG CUU UAU CCC AUG 


glu glu ser his leu leu alallys argltyr gly gly phe metllys argltyr gly gly phe metllys lys|lmet asp glu leu tyr pro met 


150 140° 150 
GAG CCA GAA GAA GAG GCC AAU GGA AGU GAG AUC CUC GCC] AAG CGG|UAU GGG GGC UUC AUG]AAG AAGIGAU GCA GAG GAG GAC GAC UCG CUG 
glu pro glu glu glu ala asn gly ser glu ile leu alallys argityr gly gly phe metllys lyslasp ala glu glu asp asp ser leu 


160 170 180 
GCC AAU UCC UCA GAC CUG QUA AAA GAG CUU CUG GAA ACA GGG GAC AAC CGA GAG CGU AGC CAC CAC CAG GAU GGC AGU GAU AAU GAG GAA 
ala asn ser ser asp leu leu lys glu leu leu glu thr gly asp asn arg glu arg ser his his gln asp gly ser asp asn glu glu 


190 200 210 
GAA CUG AGCIAAG AGAIUAU. GGG GGC ULC AUG AGA GCC UUA/AAG AGA|AGC CCC CAA CUG GAA GAU GAA GCC AAA GAG CUG CAGIAAG CGAIUAU 


glu val serllys argityr gly gly phe met arg gly leullys arglser pro gin leu glu asp glu ala lys glu leu gln|lys argityr 


ee ee 220 230 240 
GGG GGC UUC AUGIAGA AGAIGUA CGU CGU CCA GAG UGG UGG AUG GAC UAC CAGIAAA CGGIUAU GGA GGU UUC CUGIAAG CGCIUUU GCC GAG GCU 


gly gly phe metlarg arglval gly arg pro glu trp trp met asp tyr glnilys argityr gly gly pne leullys argiphe ala glu ala 


250 260 
CUG CCC UCC GAC GAA GAA GGC GAA AGU UAC UCC AAA GAA GUU CCU GAA AUG GAA]AAA AGA]UAC GGA GGA UUU AUG AGA UUU UAA 


leu pro ser asp glu glu gly glu ser tyr ser lys glu val pro glu met gluliys argityr gly gly phe met arg phe end 


UAUCULUUCCCACU AGUGGCCCCCAGGCCCCAGCAAGCCUCCCUCCAUCCUCCAGUGGGAAACUGUUGAUGGUGUUUUAUUGUCAUGUGUUGCUUGCCUUGUAUAGUUGACUUCAUUGU 
CUGGAUAACUAUACAACCUGAARACUGUCAUUUCAGGUUCUGUG CUCUUUUUGGAGUCUUUAAGCUCAGUAUUAGUCUAUUGCAGCUAUCUCGUUUUUCAUGCUAAAAAUA GUUUUUUG 


UUAUCUUGUCUCUUAUUUUUUGACAAACAUCCAAUAAAUGQUUACUUGUAUAUAGAGAUAAUAAAC CUGUUACCCCAAGUGCAUAAAAAAA - 3' 


\ 


Fig.4 Primary structure of human Met- and Leu-enkephalin in precursor mRNA and protein. Plasmid DNA was isolated by. mini-screen procedure from 5 ml of 
overnight cultures and digested to completion with endo PstI (New England Biolabs). Digested DNA was ligated to 10 ng of PstI-cleaved M13mp7 RF-DNA in 20 wl 
containing 50 mM Tris-HCI, pH 8, 0.1 mM EDTA, 7 mM MgCl,, 10 mM dithiothreitol, 500 „M rATP and 0.2 U of T, DNA ligase (New England Biolabs) for 1 hat 
room temperature. The mixture was used to transform competent E. coli JM103 cells and transformed cells were plated with top agar in the presence of iso- 
propyl-tgio-B-D-galactoside and 5-bromo-4-chloro-3-indoly!-8-D-galactoside. After a 10 h incubation at 37 °C, colourless plaques were transferred to 1.5 ml 2x 
yeast-tryptone broth. Bacteria were sedimented from grown cultures by centrifugation and phage were precipitated from the supernatant with polyethylene 
glycol-6000 (3%) and NaCl (0.5 M). DNA was isolated by phenol-CHC], extraction, precipitated with ethanol and redissolved in 10 pl of HO. DNA templates were 
sorted by single-lane tracking to avoid redundancy and non-productive sequencing generated by the empty phage DNA or poly(dG)-tailed sequences at the insertion 
site. For the final sequence determination, six templates were chosen which originated from two different cDNA clones. Sequencing reactions were done for 15 min at 
25 °Cin 4 pl of 10 mM Tris, pH 8, 0.1 mM EDTA, 7 mM MgCl, and 1 mM dithiothreitol containing about 100 ng of template DNA, 0.2 pmol of primer, 0.2 U E. coli 
DNA Polymerase I (Klenow fragment; Boehringer Mannheim), 5 pCi of [a-**P]}dCTP (Amersham, 400 Ci mmol!) and deoxy- and dideoxynucleoside triphosphates 
in the proper concentrations. A chase was performed for 15 min by adding 1 ųl of a 2 mM solution of each of the deoxyribonucleoside triphosphates and reactions 
were stopped by adding 10 ul of a formamide-dye mixture. After heating the reaction mixtures to 100 °C for 3 min, 1 p1 aliquots were electrophoresed on thin 40 cm 
long 5% polyacrylamide-8 M urea gels for 2-6 h at 25 mA. Gels were dried onto Whatman 3.mm paper and exposed to X-ray film overnight. 


The molecular weight of the precursor calculated from the Special features of the human enkephalin 


sequence in Fig. 4 is the same as that determined by Dandekar ef 


al. for bovine adrenal medulla (31,000)** but much smaller than . 


those reported for bovine adrenal medulla (50,000)’’, guinea 
pig striatum (92,000)? or human phaeochromocytoma 
(70,000-180,000)!. The estimates by Dandekar et al.'* on the 
adrenal precursor and by Beaumont et al.”° on the striatum 
precursor were made by SDS-polyacrylamide gel electro- 
phoresis while the other estimate’* was made by gel-filtration. 


precursor and possible cleavage products 


Some of the special features of the enkephalin precursor are 
presented in Fig. 5. Five of the seven enkephalin moieties are 
flanked on both sides by pairs of basic amino acid residues 
(enkephalin moieties 1-3, 5 and 6, Figs 4 and 5), suggesting that 
they are cleaved out of the precursor by the combined action of a 
trypsin-like enzyme and a carboxypeptidase. Action of these 


Leader 


sequence Peptide F 


enzymes would also be expected to generate Met-enkephalin- 
Arg-Gly-Leu from enkephalin sequence 4 and Met-enkephalin- 
Arg-Phe from the carboxy-terminal region of the protein. Met- 
enkephalin-Arg-Phe has actually been observed in bovine 
adrenal medulla’. 

The biologically active domains of other prohormones, such 
as proinsulin” and POMC”’, are also flanked on both sides by 
pairs of basic amino acid residues, suggesting that similar tryp- 
sin-like enzymes are involved in processing of these pro- 
hormones. The amino acid sequence in Fig. 4 also reveals the 
existence of two potential glycosylation sites in the precursor at 
Asn 127 and Asn 152. The sequence Asn-X-Ser or Asn-X-Thr 
is required to attach carbohydrate to an Asn in a protein”. 
However, as not all Asn residues in such a sequence are gly- 
cosylated, it is not possible to predict whether the enkephalin 
precursor contains Asn-linked oligosaccharides”. 


Comparison of human pro-enkephalin- and 
bovine enkephalin-containing peptides 


Kilpatrick et al.'° have sequenced several large enkephalin- 
containing peptides isolated from chromaffin granules of bovine 
adrenal medulla. Comparison of the sequence of three of these 
peptides with the sequence of human proenkephalin shows that 
all three are contained within the human precursor. The 
sequence of bovine peptide B corresponds to amino acid resi- 
dues 238-267 (the C terminus of the protein) of the human 
precursor with at least one amino acid substitution at residue 
240 (a Pro in the bovine peptide for Ala in the human)’. The 
sequence of peptide E (a more potent opioid than the en- 
kephalins)'", which contains both a Met- and a Leu-enkephalin 
moiety, corresponds exactly to the sequence of residues 210- 
235 in the human enkephalin precursor. The sequence of 
peptide F (34 amino acids long) corresponds to the sequence of 
residues 107-140 in the human precursor with five amino acid 
substitutions. The amino acid substitutions in human peptide F 
are (human for bovine) in positions 120 (Met for Leu), 122 (Pro 
for Val), 129 (Ser for Gly), 131 (Leu for Val) and 133 (Ala for 
Gly). It is interesting that peptides E and F have pairs of basic 
amino acid residues flanking both sides of the enkephalin 
sequences they contain. As pairs of basic amino acid residues are 
potential tryptic cleavage sites, this finding suggests that 
peptides E and F are processing intermediates in the formation 
of enkephalins. Yet the high potency of peptide E as an opiate 
and the complete conservation of sequence between human and 
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Fig. 5 Low-resolution model of en- 
kephalin precursor showing the dis- 
tribution of Met-enkephalin sequences 
(M,, M.. M, and so on) and Leu-enke- 
phalin (L}). The position of potential 
C carbohydrate (CHO) attachment sites and 
the sequences corresponding to peptides 
F, E and B of bovine adrenal medulla!” 
are depicted. 
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bovine peptides indicate that this peptide is an important opiate 
compound in itself. 

Enkephalin-like immunoreactivity has been observed not 
only in several areas of the brain but also in sympathetic ganglia, 
nerve plexuses in the intestine and nerve fibres in adrenal 
medulla and phaeochromocytoma. It would be very interesting 
to know whether the same array of opioid peptides is produced 
in these tissues as in adrenal medulla. Tissue-specific use of en- 
kephalin peptides could occur by differential processing of the 
precursor molecule or by selective expression of one or more of 
a family of enkephalin genes in different tissues. Isolation and 
characterization of enkephalin genes will be an important step in 
attempting to answer this question. 

Close examination of the structure of the human enkephalin 
precursor reveals that it does not contain the sequence of any of 
the other opioid peptides, B-endorphin, dynorphin or a-neo- 
endorphin. Hence, at least three of the four types of opioid 
peptides are derived from different primary gene products. 

The complete sequences of the precursors to B-endorphin 
(POMC) and enkephalins are now known. In both precursors 
there is repetition of a sequence that is flanked on both sides by 
pairs of basic amino acid residues. POMC has three copies of the 
MSH sequence” and the enkephalin precursor has seven copies 
of the enkephalin sequence. J. Kurjan and I. Herskowitz have 
recently discovered that a-factor, a peptide pheromone 13 
amino acids long that promctes sexual union of yeast gametes, is 
synthesized from a precursor containing four copies of the 
peptide in an evenly spaced arrangement (personal com- 
munication). The a-factor sequences are flanked on only one 
side by a pair of basic amino acid residues indicating that the 
proteolytic processing of the precursor is different from that of 
proenkephalin and POMC. 

Thus widely diverse organisms make use of the multivalent 
precursor for the synthesis of important regulatory peptides. In 
the case of POMC, peptides from different regions of the 
precursor (MSH, ACTH and endorphin) may act as agonists or 
antagonists in coordinating a behavioural response such as the 
response to stress’*. The function of the multi-enkephalin pre- 
cursor is less clear. 
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very similar to that in the bovine precursor. 
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Studies of X chromosome DNA methylation 
in normal human cells 
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Studies of methylation along 28 kilobases of X-chromosome DNA, assayed by Southern blot analysis using cloned 
X-chromosome-specific probes, indicates that X DNA methylation in normal human cells changes with replication, is not 
correlated with number of X chromosomes or transcriptional activity, and is less stable and more prevalent than when the 
human X is in the foreign environment of mouse-human hybrid cells. In contrast with observations of others in heteroploid 
cells, we observed no derepression of the inactive X in clonal populations of normal human fibroblasts treated with 
5-azacytidine. This may reflect the differences in stability of the methylation of the human X in a foreign environment. Our 
observations preclude ubiquitous methylation differences as the molecular basis for X-chromosome inactivation. 





DNA METHYLATION has frequently been proposed to be 
responsible for the regulation of developmental processes‘. 
These differentiation events include that resulting in the 
inactivation of all but one X chromosome in somatic cells of 
mammals*. Riggs? proposed that DNA methylation was 
responsible for initiation and maintenance of mammalian X 
inactivation, invoking the presence of sequence methylases with 
preference for half-methylated sites. Methylation has been 
implicated in X-chromosome inactivation on the basis of 
indirect evidence: the ubiquity of 5-methylcytosine, the exis- 
tence of sequence-specific methylases and tissue-specific 
differences in methylation of differentiated genes”. There is 
some evidence that a gene on the inactive X remains incapable 
of expression even when protein superstructures are removed’, 
implying that the DNA of the inactive X has undergone a 
permanent modification. The tissue-specific association of 
undermethylation with gene activity’ '’ and abundant methyl- 
ation in the early embryo'’ has led to speculation that the 
inactive X chromosome might be highly methylated'*’*. Recent 
studies of interspecies cell hybrids have shown that 5-aza- 
cytidine (5-azaC) can induce local derepression of the inactive X 
chromosome, presumably because the cytidine analogue has 
blocked methylation at relevant sites on the inactive X`". 

We have identified two cloned DNA fragments unique to the 
X chromosome’’ that provide a more direct means of looking 
for methylation differences between inactive and active X 
chromosomes. Using these probes, we have compared DNA 
methylation in placentas and skin fibroblasts from males and 
females. Furthermore, we have carried out direct experiments 
testing the ability of 5-azaC to induce reactivation of the silent X 
in normal human cells having enzyme markers that distinguish 
active from inactive X. Our results show no significant sex 
differences in methylation of X sequences. Moreover, studies of 
clonal populations of normal human cells demonstrate that the 
pattern of DNA methylation is not faithfully transmitted. 


X-chromosome DNA methylation studies 


X-chromosome-specific DNA probes provide a direct means of 
testing the hypothesis that the inactive X chromosome is highly 
methylated. The restriction enzymes Hpall and MspI recognize 
the sequence CCGG but Hpall cannot cut if the internal C is 
methylated*’. If DNA methylation of active and inactive X 
chromosomes differs significantly, the restriction fragments 
generated by digestion with Hpall and hybridization with a 
labelled X-specific probe should differ between DNA of male 
cells with a single active X and that of female cells that have an 
inactive X as well. 


The plasmids 0307 and 0604 contain sequences specific to the 
human X chromosome’”. By means of mouse—human hybrids, 
the insert segments in the 0307 and 0604 plasmids have been 
mapped to the region on the long arm between Xq13 and Xq25. 
Mapping was carried out using a series of hybrids derived from 
mouse cells (Sv-tfm or A9) and human cells with balanced 
X/autosome translocation that have been used to map other 
X-linked genes*'**. The 0307 plasmid contains DNA that is 
transcribed as it hybridizes to total RNA extracted from normal 
human fibroblasts and this hybridization is RNase sensitive (Fig. 
1). The 3.4-kilobase (kb) insert is a single copy sequence based 
on (1) analysis of reassociating kinetics using human genomic 
DNA", (2) intensity of hybridization to genomic DNA in 
Southern blots, relative to that obtained with a y-globin probe’? 
and (3) identification of a PstI polymorphism within the 
sequence that behaves as expected for a single copy sequence. 
(Southern blot analysis of human lymphocyte DNA digested 
with PstI and probed with 0307 usually results in bands at 7.4 
and 1.0 kb. In one male with a PstI restriction site poly- 
morphism, the 7.4-kb band has been replaced by a 4.2-kb band. 
If the 0307 sequence were present more than once on the X, one 
would expect a new band in addition to the original ones.) 





Fig. 1 Hybridization of 0307 DNA to cultured human fibroblast 
RNA. Total RNA, purified using hot phenol- -SDS*”, was aliquoted 
precisely into two tubes. Pancreatic RNase A (Sigma: 5 xcrystall- 
ized, boiled 10 min) was added to one tube (100 pg ml ') and 
incubated (37 °C, 2 h); the second tube was untreated. The RNAin 
serial dilutions was dotted onto nitrocellulose filters’ and the filter 
was hybridized to 0307 labelled with °*P by nick translation’. The 
final wash was at 60°C, 0.1 SET and exposed to Kodak XARS5 
X-ray film (—70°C, 6 days). Hybridization did not occur in the 
absence of RNA. Parallel filters hybridized with y-globin cDNA 
probe showed hybridization only to the 20-ug dots and no RNase 
sensitivity. 
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Because ethe X-chromosome DNA sequence in the plasmid 
0307 contains no Hpall site, 0307 is a probe for methylation of 
Hpall sites in neighbouring DNA. The 7.5-kb insert in plasmid 
0604 includes a single Hpall site. 


Methylation patterns in male 
and female placentas 
and uncloned fibroblast cultures 


Figure 2 shows the results of Hpall and MspI analysis of 
placentas (chorionic villi) and uncloned fibroblasts using probe 
0307. The probe hybridizes to a single band (4.6 kb) in each of 
the DNA samples digested with Mspl (Fig. 2. lanes 1-6) so that 
the distance between Hpall sites which span the 0307 sequence 
is the same in all cells. In Hpall digests of male and female 
specimens (Fig. 2, lanes 7-12) the 0307 probe hybridizes to 
multiple fragments, > 4.6 kb. Hybridization to fragments larger 
than 4.6 kb indicates that the internal C in the Hpall recognition 
sequence is methylated in site(s) flanking the 0307 sequence. 

The multiple bands observed in Hpall digests probed with 
0307 are unlikely to be the result of partial digestion. Samples 
were digested with excess enzyme for up to 20h (see figure 
legends for details). Moreover, the number and relative intensity 
of bands, although variable in DNA from different individuals, 
are highly reproducible in repeat assays of DNA from the same 
individual. Furthermore, a recombinant A phage with a 15-kb 
human DNA insert that includes the 0307 sequence has the 
Hpall sites necessary to produce the multiple bands we observe. 
(We have identified and purified a recombinant phage contain- 
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Fig. 2 Comparison of X DNA methylation in male and female 
cells. High molecular weight DNA was purified from chorionic villi 
of human placentas (a) and cultured human diploid fibroblasts (4). 
Southern blots” of enzyme-digested DNA, fractionated on 0.8% 
agarose gels, were hybridized with the X-specific DNA probe 
0307. Digestions were carried out for 16h with 24 U MspI or 
Hpall per ug of DNA in conditions recommended by the 
manufacturer. Filters washed at 65 °C in 0.1 SET were exposed to 
X-ray film (—70°C, 5 days). 
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Fig.3 DNA methylation in cloned human fibroblasts. a, DNA of 
fibroblast clones independently isolated from a culture of 46XX 
female cells (see text) was digested with Hpall (20 U per ug DNA, 
16 h). The filter was hybridized with *’P-labelled 0307, washed at 
55°C in 0.1 SET and exposed to X-ray film (—70°C, 5 days). b, 
Hybridized probe was removed from the filter used in a by washing 
(70°C, 70% formamide, 0.1 SET). The filter was hybridized with 
“P-labeled y-globin cDNA insert of plasmid JWIS1°°. After a 
final wash (65°C. 0.1 SET), the filter was exposed to X-ray film 
(—70°C, 12 days). c, DNA from clones of female fibroblasts and 
subclones of male origin (son of the source of female clones) was 
digested with Hpall (10 U per pg DNA for 16h when a further 
3 U enzyme per pg DNA was added and the incubation continued 
for 4 h). Electrophoresis was longer than in Figs 1 or 2a and DNA 
was transferred for 48 h to enhance the resolution and transfer of 
high molecular weight fragments. The filter was hybridized with 
the 0307 X DNA probe, washed (55 °C, 0.1 SET) and exposed to 
X-ray film (-70 °C, 5 days). Lane 1, DNA from 47XXX fibro- 
blasts; lanes 2-4, 6, DNA from clones of the same female as in a: 
lane 5, DNA from the same clone as in lane 4, purified after five 
further population doublings; lanes 7-9, independent subclones 
derived from a single clone of male fibroblasts. d, Hpall restriction 
site map of human y-globin loci 


ing the 0307 sequence from a Haelll-Alul human genomic 
DNA library”. Southern blots of the recombinant phage DNA, 
partially digested with MspI and probed with 0307, show the 
same 4.6-13-kb bands seen in blots of genomic DNA digested 
with Hpall.) 

Because the 0307 sequence is single copy, yet hybridizes to 
multiple restriction fragments in Hpall digests, the region 
around the 0307 sequence must be methylated differently from 
cell to cell. Similar studies with the second X-specific cloned 
DNA (0604) as probe indicate that the methylation of the single 
internal Hpall site is also variable in both male and female 
fibroblasts (data not shown). The complexity of the banding 
pattern is not obviously related to the number of X 
chromosomes in the cell, as some cultures from females have as 
many bands as those found in trisomic cells with three X 
chromosomes (including two inactive ones) (Fig. 3a, lane 1). 
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Therefore, DNA methylation in the regions probed by both 
X-specific sequences is characterized by variability and we 
observe no consistent sex differences in placentas or fibroblasts. 


DNA methylation in 
clonal populations 
of fibroblasts 


The multiple bands we observed in chorionic villi and uncloned 
fibroblast cultures might be attributed to a mixed population of 
cells, each with a fixed but different methylation pattern. To test 
this hypothesis, we examined methylation in clonal populations 
derived from dermal fibroblasts of a female heterozygous for the 
X-linked marker glucose 6-phosphate dehydrogenase (G6PD) 
A. Clones were obtained by plating 10 cells per 60-mm dish and 
clonal cultures established by picking well isolated colonies, 
using cloning cylinders’ to ensure that all cells in each clonal 
culture were progeny of a single cell. Furthermore, purity could 
be monitored on the basis that each clone, although of 
heterozygous genotype, expressed only a single G6PD isozyme, 
the one coded by the active X chromosome*. DNA was also 
purified from clonal populations of fibroblasts from a male, as 
well as derivative subclones to ensure that each colony was of 
homogeneous composition. The Southern blots of DNA from 
these clonal cultures generated by Hpall digestion and 
hybridization with the 0307 probe show multiple bands (Fig. 
3a, c) similar to those observed in uncloned cultures. 

Hybridization to more than one restriction fragment in DNA 
from clonal populations of male cells or more than two in DNA 
from clones of female cells indicates that during the 20 genera- 
tions required for these clonal populations to proliferate, the 
methylation of Hpall sites in the DNA adjacent to the 0307 
sequence was not fixed. Methylation in the vicinity of the 
y-globin loci in the same clones is also heterogeneous, as at least 
two patterns were observed when the same filters were 
hybridized with a y-globin cDNA probe (Fig. 3b). 

Although the methylation of Hpall sites in X DNA differs 
among progeny of single cells, the relative intensities of the 
various Hpall bands generated indicate that the changes are not 
random. No clone produced all possible bands (compare 
uncloned fibroblasts in Fig. 3c, lane 1, with others). Moreover, 
the banding pattern (relative intensity and size of restriction 
fragments) for each clone is characteristic of that clone and is 
relatively stable. For example, the pattern of multiple bands 
produced by clone 7 remained the same after six further cell 
doublings (Fig. 3c, lanes 4, 5). 


Methylation of human X chromosomes in 
male subclones 


The difference in the banding patterns between various clones of 
female fibroblasts more probably reflects the unique origin of 
each clone. We know that clones 13 and 20 originated from 
different skin fibroblasts of this female because each expresses a 
different G6PD allele, and the other clones, as they were derived 
from a heterogeneous uncloned culture, may also have a unique 
origin. 

On the other hand, subclones obtained from the homo- 
geneous cloned population in the male are all progeny of the 
same cell. Therefore, our observation that three of these sub- 
clones have restriction fragments of identical size and relative 
intensity (Fig. 3c, lanes 7-9) indicates that the pattern as a whole 
is conserved over at least 20 population doublings. It seems that 
methylation of individual Hpall sites is not stably inherited, but 
the probability that a site will be methylated is heritable. 


Methylation of human X chromosomes in 
mouse—-human hybrid cells 


Although the methylation at Hpall sites around the 0307 
sequence is not fixed in cultured human diploid fibroblasts, 
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methylation at these sites is more stable when the human X 
chromosome is present in a mouse-—human hybrid cell. Figure 4 
shows the Southern blot analysis of DNA from four indepen- 
dently derived hybrid clones (each with a different active human 
X) digested with Hpall and probed with 0307. 

The hybrid clones produced bands of the same size as those in 
DNA from normal human male cells, so that the sites of 
methviation are the same for active X DNA in either cell. 
However, the striking predominance of one band in each hybrid 
clone is evidence for greater stability of methylation of the 
human X in the foreign environment of the mouse—human 
hybrid, than in its normal habitat. 

It is notable that none of the four mouse—human hybrid cells 
generated bands >6.7 kb. While the absence of longer bands 
could be mearly fortuitous, it may be that the human X chromo- 
some in hybrid cells is in fact less methylated than in human cells. 


Relationship of methylation to 
X-chromosome activity 


One might expect that the banding pattern would be identical 
for clones of cells derived from the same culture, each with the 
same active X chromosome. However, clones 7, 13 and 34 from 
cultures of a heterozygous female have the same active X 
(maternal X), as they express the G6PD A allele, but have 
different banding patterns; patterns also differ for clones 81 and 
20. which express the G6PD B allele (paternal X is active; 
Fig. 3a, c). 

The presence of both active and inactive X chromosomes in 
these female cells may obscure specific banding patterns asso- 
ciated with the functional state of the chromosome. It is clear, 
however, that female cells do not have large Hpall X DNA 
fragments that are not present in males. In fact, the single active 
X chromosome in male fibroblasts can be highly methylated in 
the 0307 region, as indicated by the presence of very large 
fragments in Hpall-digested DNA from some male cells (Fig. 
3c, lanes 7-9). However, the same sites in X chromosomes of 
other male cells are not methylated (Figs 2, 3c, lanes 7-9). The 
predominant band from the single active human X in various 
mouse-human hybrid cells can also differ in size, but tends to be 
of lower molecular weight, compatible with less methylation of 
these active X chromosomes (Fig. 4). Thus, no consistent 
methylation differences can be seen with respect to X- 
chromosome activity. 





Fig. 4 Methylation in the single active human X chromosome of 
mouse-human hybrid cells. Purified DNA was digested with Hpall 
(20 U per yg, 16 h). Hybridization was with labelled 0307 X DNA 
probe. Final wash: 55°C, 0.1 SET; exposure: — 70°C, 5 days. 


Lanes 1, Sv-tfm x Kop (clone 4a)°*: 2, Sv-tfm x 297 (clone 1 Sa. 
A9 x Gm 1322 (clone 9-1b)'*; 4, A9 x clone 81 (clone 6a). 
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Table 1 Effect of 5-azacytidine on X chromosomal phenotype 
A 
HPRT phenotype 
Cells per dish 5-azaC Exposure Recovery Cells analysed HAT Labelled G6PD 
Expt (x 10%) (uM) (h) (days) (x 105) colonies cells phenotype 
1 20 3 24 5-6 20.0 0 
20-40 3-10 24-48 1-14 120.0 A 
2 ().4-2,0 2-5 68 0 1.1 0 
14 5 68 6 20.0 0 
3 0.2-0.5 2-3 24 1-4 3.2 (0) 
4 4 2 48 0) 20.0 | A 
40 2 48 4 20.0 0 
40 2 48 6 40.0 0) 
40 2 48 12-14 100.0 A 


Effect of 5-azacytidine on X-chromosome 
activity and methylation 


Studies were carried out to determine if 5-azaC could derepress 
the inactive X chromosome in normal human skin fibroblasts. 
The two X chromosomes in female cells used for this study differ 
with respect to alleles at two loci, being heterozygous for G6PD 
A as well as for hypoxanthine phosphoribosyl transferase 
(HPRT) deficiency (G6PD A/B; HPRT —/+). For these 
experiments we treated clonal populations of cells that expres- 
sed G6PD A and HPRT deficiency (the alleles coupled on the 
active X). The phenotypic changes expected if 5-azaC were 
effective in derepressing the X were the re-expression of G6PD 
B and the wild-type HPRT alleles on the inactive X 
chromosome. 

Four experiments were carried out, essentially similar but 
differing in the conditions of exposure to 5-azaC (see Table 1). 
Cells were plated at densities of 2 x 10°-2 x 10° cells per dish in 
normal growth medium (minimal essential medium + 15% fetal 
calf serum, Gibco), and treated 24 h later with a fresh solution of 
1-10 uM 5-azaC for 24-72 h. Cells were analysed for evidence 
of reactivation of the inactive X by: (1) hypox- 
anthine/aminopterin/thymidine (HAT) selection for cells that 
had acquired HPRT activity, (2) autoradiography of cells 
exposed to ‘H-hypoxanthine, or (3) G6PD electrophoresis to 
detect cells expressing the G6PD B allele on the inactive X. 

More than 1.710’ cells were treated with 5-azaC; of the 
6.4 x 10° cells selected in HAT medium, we observed only one 
subclone that had undergone a phenotypic change. That colony 
(HAT*-5-azaC-1) was able to proliferate in HAT medium, 
having acquired HPRT activity, but it expressed only G6PD A. 
Studies of mouse-human hybrids derived from this clone 
suggest that the change is at the HPRT locus on the active X 
chromosome (Fig. 5). 

Although the lack of HAT’ subclones might be related to poor 
proliferation of cells in which derepression had occurred at the 
HPRT locus, the cloning efficiency for treated cells (Table 2) was 
sufficient to reveal reactivants if they occurred with 107° 
frequencies reported for mouse cells'*. 


Fig.5 G6PD electrophoresis of 
mouse-human hybrid showing 
G6PD A and heterodimer 
(arrow). The 5-azaC-induced 
HAT’ clone was hybridized to 
A9 mouse cell and hybrids selec- 
ted in HAT**. Because the 
HPRT activity in clone HAT’ 5- 
azaC-1 was significantly less than 
that of a wild-type allele (10- 
20% of control), hybrids prolif- 
erated poorly and only one was 
able to produce sufficient cells for 
analysis. This hybrid clone 
expressed human G6PD A, 
mouse G6PD and the 
heterodimer, so that the chromo- 
some contributing HPRT activity was that with the G6PD A allele 
and therefore the active X. Lanes: 1, A9; 2, HAT’ 5-azaC-1; 3, 
hybrid; 4, mixture of parental cells; 5, mixture of G6PD B and 
G6PD A fibroblasts; 6, G6PD B control. 
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To circumvent the problem of cell proliferation, a further 
610° cells were examined by autoradiography. Cells in 
nonselective medium were exposed to *H-hypoxanthine (NEN, 
3.6-10C/M, 10 Ci ml ' for 18 h); the dishes were then washed, 
fixed and treated with 5% trichloroacetic acid. In some cases, 
the cells were replated following recovery so that cell density in 
autoradiographs did not exceed 10° cells per dish. The dishes 
were emulsed in Kodak NTB-2, developed 1 week later, and 
screened microscopically for the presence of labelled cells. The 
assay is sensitive enough to detect individual cells that have 
acquired HPRT activity and only 10% normal activity is neces- 
sary for a cell to be labelled in the conditions used; however, no 
labelled cells were observed. 

Finally, more than 20 cultures of cells totalling 3.6 x 10” cells 
were examined for G6PD phenotype on cellulose acetate™ in 
conditions sensitive enough to detect an admixture of enzyme 
where the minor component is as little as 5%. However, the 
G6PD B allele on the inactive X was never observed. 

The experimental ¢onditions that were used induced a 
decrease in cloning efficiency (Table 2) similar to that reported 
for phenotypically altered mouse cells***’. Furthermore, we 
observed changes in methylation at CCGG sites with both X 
DNA and y-globin probes (Fig. 6); namely, a relatively greater 
intensity of small Hpall bands with 0307 probe and the 
appearance of a 5.2-kb band with y-globin probe (see Fig. 3d). 
This hypomethylation, although more subtle than that reported 
from more indirect observations in mouse cells*’, is compatible 
with changes seen in retroviral sequences from transformed 
chicken cells'®, We observed an effect of treatment onlyin DNA 
from cells treated with 2 uM S-azaC 7 days previously; none was 
apparent directly after treatment (Fig. 6) or with 5-10 uM 
5-azaC at any time (data not shown). 

Therefore, despite the use of conditions able to induce 
methylation changes and toxicity, we have obtained no compel- 
ling evidence that 5-azaC can derepress HPRT or G6PD loci on 
the inactive X chromosome in normal human cells carrying 
Suitable markers. 


Implications 
The rationale for implicating DNA methylation as a mechanism 
for regulating gene activity is based on the presumption that, as 
in bacterial systems, the methylation pattern of specific DNA 
sequences is stably transmitted from progenitor to progeny. Our 
studies of clonal populations of normal diploid fibroblasts 
demonstrate that, in fact, methylation of the Hpall sites we 
examined is not stably transmitted in newly replicated X DNA. 
There is other evidence that methylation may not be stably 
inherited. Methylation of the chicken thymidine kinase gene 
changes during propagation of the recipient mouse cells'*. In 
addition, 5-azaC-induced expression of the metallothionein I 
gene in mouse thymoma cells, attributed to undermethylation, is 
unstable within five cell generations'’. In these cases, the 
instability might be attributed to the foreign environment, 
experimental manipulation or heteroploidy. However, our 
results indicate that methylation is unstable in entirely normal 
euploid cells. 

Our observations are limited to an examination of Hpall sites 
around the two X-chromosome DNA probes that have not been 
characterized with regard to translation. However, we have 
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explored a significant portion of the human X chromosome. 
Based on the total number of Hpall fragments and the size of the 
largest band (see Fig. 3c), we estimate that with probe 0307 we 
have examined the methylation of at least eight Hpall sites in a 
segment of ~20 kb in the middle of the long arm of the X. With 
probe 0604, we have examined another site within a 7.5-kb 
sequence at Xq13-25. Evidence from DNA transfer experi- 
ments and observations of local derepression at X loci suggest 
that modifications of DNA associated with inactivity are likely 
to be numerous and occur over relatively small regions of the 
chromosome’™*, 

Because there are no large 0307-specific Hpall fragments 
unique to female cells, we can exclude the possibility that 
ubiquitous methylation accounts for inactivity of the silent X. 
The failure of hypomethylation, induced by 5-azaC, to reac- 
tivate alleles on the inactive X chromosome provides further 
evidence that X-chromosome inactivity in normal human cells is 
not influenced by the state of methylation at all sites along the 
chromosome. It is conceivable that phenotypic changes obser- 
ved in transformed mouse and chick cells treated with 5- 
azaC'® 1526272 are not attributable to direct effects on DNA 
methylation. The HAT‘ clone we obtained probably reflects 
reversion at the HPRT locus on the active X and other evidence 
that 5-azaC can induce mutation has been reported™. 

On the other hand, our observations do not preclude a 
relationship between X-chromosome methylation and tran- 
scriptional activity. The instability of methylation at individual 
Hpall sites and the different methylation patterns observed for 





Table 2 Effect of 5-azaC on proliferation of fibroblast clones (expt 4, Table 1) 


Relative 

Length of cloning 

S-azaC exposure Clones per Cloning efficiency 

(uM) (h) cells plated efficiency (%) 
0 60/150 0.40 100 

2 24 34/150 0.33 57.5 
48 41/150 0.27 67.6 
5 24 14/150 0.09 22.5 





the active X chromosome in male cells indicate that many arrays 
of methylation along the X chromosome are compatible with 
X-chromosome activity (some highly methylated). Similarly, 
many methylation patterns may be compatible with X- 
chromosome inactivity. It is clear that several patterns of 
methylation at Hpall sites surrounding y- globin sequences are 
associated with inactivity at these loci in clonal populations of 
fibroblasts (Fig. 3b, d). 

The variety and instability of X DNA methylation patterns 
observed in normal human cells may explain our inability to 
reactivate loci on the inactive X chromosome with 5-azaC. 
Because 5-azaC did not induce extensive demethylation and 
because methylation of Hpall sites seems to occur spon- 
taneously in these cells, we may not have achieved sufficient 
demethylation at critical sites for X-chromosome reactivation. It 
is significant that the human X chromosome in the foreign 
environment of the mouse—human hybrid cell is probably less 
methylated than in normal human cells, and that the pattern is 
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Fig. 6 Methylation of Hpall restriction sites in human diploid 
fibroblasts treated with 5-azaC. Lanes: 1, untreated; 2,2 uM, 48 h; 
3, 2 uM, 48 h, recovery 7 days. a, DNA was digested with Hpall 
(20 U per ug DNA, 16h) and Southern blots were hybridized to 
the labelled 0307 probe. Final wash: 55°C, 0.1 SET; exposure: 
—~70°C, 4 days. b, after autoradiography, the X probe was 
removed and the filters rehybridized with a y-globin cDNA probe 
as described in Fig. 34 legend. Exposure: — 70°C, 7 days. 


more stably transmitted. Therefore, it is not surprising that all 
5-azaC-induced reactivation events have occurred in trans- 
formed mouse and chick cells”, where the demethylation 
would be more extensive and more stable. 

Even if methylation is involved in maintaining X- 
chromosome inactivity, it may be only one of several 
components influencing transcriptional activity. For example, 
the accessibility of DNA to methylases and the subsequent 
methylation at particular sites may depend on chromatin struc- 
ture. The identical Hpall-generated banding pattern seen in 
male subclones suggests a stable higher order determinant of 
DNA methylation. Similarly, the more stable methylation 
pattern for the human X in interspecies hybrid cells may reflect 
changes in the chromatin structure attributable to a foreign 
environment or associated with transformation (for example, 
acquisition of immortality, heteroploidy), Chromatin 
differences of this kind might explain the extensive variability in 
amount and distribution of 5-methylcytosine between species’. 
Further evidence for more than one level of regulation underly- 
ing X-chromosome activity are recent observations that alleles 
on the inactive X in normal human cells, when derepressed, 
produce less enzyme than those on the active X**. The precise 
relationship between X inactivation and DNA methylation 
remains unknown. 
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Vitamin A and pattern formation in 
the regenerating limb 
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Vitamin A and its derivatives, the retinoids, cause specific alterations in the proximo-distal pattern of regenerating axolotl 
limbs. In some cases complete limbs grow from carpal level amputations. If retinoids are responsible for changing the 
positional information of limb cells, these compounds may represent valuable probes for investigating the molecular basis of 


pattern formation. 





VARIOUS experimental approaches have been used to study 
pattern formation. The original approach, begun in the last 
century, is to alter the spatial relationships of the system under 
study by transplanting tissue to different sites and observing the 
resultant disruption of the pattern. In the limb, the system 
studied here, this approach has revealed organizing regions such 
as the zone of polarizing activity'’, the polarizing zone? and the 
apical ectodermal ridge'*, and the beginnings of a theoretical 
framework into which the phenomena can be fitted*. An alter- 
native approach is to search for substances which alter pattern 
formation in specific ways, for example, the effect of lithium on 
early development”. Unfortunately, in this case subsequent 
investigations did not prove particularly valuable in advancing 
our understanding of the molecular basis of pattern formation. 
Here I report that vitamin A and its derivatives, the retinoids, 
alter pattern formation specifically in the proximo-distal axis of 
regenerating axolotl limbs. If these effects are due to changes in 
the positional information of limb cells caused by retinoids, 
these compounds may be used in future research to elucidate the 
molecular nature of positional information. 

Niazi and Saxena’ studied the effects of retinol palmitate on 
hindlimb bud regeneration of Bufo tadpoles. In addition to its 
inhibitory properties, they found several cases of duplicated or 
triplicated regenerates, some of which consisted of more than 
those distal parts of the limb removed by amputation. These 
results seemed not only to contradict the rule of distal trans- 
formation’, but also were unique in increasing the potency of 
blastemal cells as all other substances which have been adminis- 
tered to regenerating limbs have caused deficiencies”'”. Thus I 
decided to investigate further this phenomenon in the 
regenerating limbs of larval axolotls, Ambystoma mexicanum, 
an animal commonly used for regeneration studies. 


Effect of vitamin A 


To confirm the existence of the effect described by Niazi and 
Saxena, I amputated the forelimbs of 14 animals through the 
mid-radius and ulna. The animals were immediately placed in a 
solution of retinol palmitate (15 IU ml ', made up in tap water) 
for 12 days and then transferred to normal water. An equal 
number of control animals were allowed to regenerate in pure 
tap water. After 1 month the limbs were fixed and stained. In 
contrast to the high mortality caused by hypervitaminosis A in 
Bufo tadpoles’ (and confirmed by my own results on Rana 
tadpoles), axolotls seemed immune. All experimental animals 
survived and seemed even healthier than normal. 

In control limbs, all the elements removed by amputation 
were regenerated (Fig. la), whereas after retinol palmitate 
treatment, every limb (28 in all) was abnormal in the proximo- 
distal sequence of regenerated elements. The severity of the 
effect varied and could be separated into four classes (Table 1). 
The least severely affected were those limbs in which there was 
an extra row of carpals (Fig. 14). In the next group an additional 
length of radius and ulna had been intercalated, which fused 


with the stump radius and ulna resulting in an abnormally long 
segment (Fig. lc). The third class comprised limbs in which a 
complete additional radius and ulna had been intercalated, 
resulting in a tandem repeat of that segment (Fig. 1d). The most 
severe effect was the additional presence of the distal part of the 
humerus (Fig. le). Most of the abnormalities observed (46% ; 
Table 1, top row) consisted of extra carpals, the least severe 
effect. 

In all other aspects, however, these experimental regenerates 
were normal: the digits were in the normal sequence with the 





Fig. 1 Cleared whole mounts of regenerated limbs stained with 
Victoria blue. All limbs were amputated through the mid-radius 
and ulna, the broken line marking the amputation plane. a, 
Control. The elements removed by amputation (distal radius and 
ulna, 8 carpals and 4 digits) have been replaced. b-e, Limbs treated 
with 15 IU ml ° retinol palmitate for 12 days. b, Three extra 
cartilages (arrows) have been produced which resemble carpals. c, 
An abnormal length of radius and ulna has been regenerated 
making this segment grossly out of proportion. d, A complete extra 
radius and ulna has been produced in tandem. e, The radius and 
ulna have fused into the dista! end of the humerus with a perfect 
elbow joint followed by a complete radius and ulna and hand. f, A 
limb regenerated after 15 davs in 75 IU ml! ' retinol palmitate; 
here a complete limb has been produced distal to the amputation 
plane. Magnifications: a, x9; b, x8; c, x7.6; d, X7.6; e, x7; f, x6. 
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Table 1 Effects of varying concentrations and lengths of exposure to vitamin A (retinol palmitate) after forelimb amputation through the mid-radius and ulna 
L aaae 


Type of regenerate ° 


i 


Length of Concentration No. Extra 
exposure of vitamin A of Normal carpals 
(days) (TU mt‘) cases (Fig. la) (Fig. 15) 
12 15 28 0 13(46%) 
10 30 10 0 0) 
15 30 8 0 0) 
10 75 10 0 0 
1S 75 X 0 0 


Extra part Extra full Extra part Extra full 
radius and ulna radius and ulna humerus humerus 
(Fig. le) (Fig. ld) (Fig. le) (Fig. 1f) 
7(25%) 5(18%) 3(11%) 0 
7(70% ) 3130% ) 0 0 
1(13%) 2(25%) 6162% ) 0 
0 §(50% ) §(50%) 0 
0 0 1(13% ) 7(87%) 


Length of exposure is from the day of amputation. The types of regenerate are exemplified in Figs 1, 2 and described in more detail in the text. 


correct phalangeal number, there were no alterations in the 
anteroposterior axis (compare Fig. 1a and b-e) nor any dupli- 
cations or triplications as found in Bufo tadpoles’, and serial 
sections of four limbs revealed normal muscle patterns in the 
extra segments. Thus only the proximo-distal sequence of ele- 
ments seemed to be affected in that varying lengths of extra 
pattern were intercalated between the amputation plane and the 
appropriate distal level. 


Effect of increasing concentration 
and length of exposure 


Four groups of five animals each had their forelimbs amputated 
as before, and were placed in 2x concentration (30 IU ml‘) or 
5x concentration (75 IU ml‘) of retinol palmitate for 10 or 15 
days. Neither concentration caused increased mortality and the 
effects of these treatments on pattern formation are shown in 
Table 1. Increasing the concentration caused a greater amount 
of pattern to be intercalated between the amputation plane and 
the appropriate distal level (compare rows 1, 2 and 4) such that 
after 10 days in 75 IU ml "’, half the limbs had tandem repeats of 
the radius and ulna as well as the distal humerus, Similarly, 
increasing the time of exposure caused more pattern to be 
intercalated so that after 15 days in 75 IU ml ', a new class of 
abnormality appeared (Table 1, bottom row)—a complete limb 
regrew from the amputation plane, resulting in a proximo-distal 
sequence of elements of humerus, proximal radius and ulna 
(stump), full humerus, radius and ulna, carpals and digits 
(Fig. 1f). 

Thus by increasing the concentration of retinol palmitate and 
the length of exposure, the level at which the limb was repeated 
became more and more proximal, finally resulting in a complete 
limb being regenerated from the distal amputation plane. 


Morphological observations 


While observing the animals during these experiments it became 
apparent that retinol palmitate was inhibiting the rate of 
regeneration. Normal regeneration in control animals pro- 
gressed rapidly—cone stage on day 10, notch stage by day 12 
and by day 18 four digits were present in outline. In the presence 
of retinol palmitate a progressive retardation of regeneration 
with increasing concentration was revealed and in 75 IU ml 
there were no external signs of regeneration. Immediately after 
removal to pure water, blastema formation commenced, 
consistent with the known inhibitory effects of retinoids on cell 
division. However, during the period in which there was no 
blastema development, preparations for the dramatic changes in 
pattern formation must, nevertheless, have been occurring. 


Other amputation levels 


The above experiments were repeated in animals whose fore- 
limbs had been amputated either through the mid-humerus or 
through the carpals. 

Amputation through the humerus (56 cases in all) gave the 
same results as those described above, that is, increasing the 
concentration of and length of exposure to retinol palmitate 
caused the level at which the limb was repeated to become more 
proximal. For example, after 12 days at the lowest concentration 
(15 IU ml") the regenerates had abnormally long humeri, 


whereas after 15 days in 30 or 75 IU ml‘, 67% and 87% 
respectively of the cases regenerated a complete new limb from 
the amputation plane (Fig. 2a). 

After amputation through the carpals (46 cases in all), many 
regenerates had digital deficiencies such as missing or fused 
digits at the lower concentrations. This was the only series of 
experiments in which these abnormalities occurred consistently. 
At 15 and 30 IU ml ' the only other effect on regeneration was 
the production of an extra row of carpals (for example, see Fig. 
1b). However, at 75 IU ml", six out of eight limbs regenerated 
complete limbs from the carpals (Fig. 2b). Furthermore, in two 
of these cases the most proximal element regenerated was not 
just the proximal epiphysis of the humerus, but also the glenoid 
cavity and part of the scapula (Fig. 2c). 

By comparing the regenerates obtained from these three 
amputation levels of the forelimb, one further conclusion was 
drawn. The concentration of retinol palmitate needed to induce 
the regeneration of a complete limb decreased as the ampu- 
tation plane became more proximal, that is, only the longest 
time at the highest concentration (75 IU ml‘) led to regenera- 
tion of complete limbs from the carpal level, whereas 30 IU ml’ 
produced the same result from amputations at the humerus 
level. 


Effect on hindlimbs 


The whole range of experiments was repeated on a total of 133 
hindlimbs. At high concentrations of retinol palmitate, complete 
limbs were regenerated from amputations through the mid- 
femur or mid-tibia and fibula (Fig. 3a) and with lower con- 
centrations and shorter exposure times the extent of serial 
repetition decreased. In the cases where whole limbs 
regenerated, not only was there a complete femur, but also a 





Fig. 2. Forelimbs placed in retinol palmitate (75 IU ml‘) for 15 
days. Broken lines mark the amputation planes. a, Proximal to the 
amputation plane is the remaining small part of the original 
humerus (h). Distally a complete limb has regenerated. b, Ampu- 
tation through the carpals. Three carpals remain in the stump 
(radiale, intermedium and ulnare) and distally a complete limb has 
regenerated. c, Same as b but in this case part of the pectoral girdle 
(g) including the glenoid cavity has also been produced. 
Magnifications: a, x6; b, X5; c, X5., 
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Table 2 Effects of 15-day exposure to various retinoids after amputation through the mid-radius and ulna or tibia and fibula 





No. 
of Extra 
Compound cases Normal carpals 
Retinol palmitate (0.6 mM) 20 315%) 0 
Retinol acetate (0.6 mM) 13 () 0) 
Retinol palmitate (0.12 mM) 20 15(75%) 0) 
Retinol acetate (0.12 mM) 20 18(90% ) () 
Retinol (0.12 mM) 16 0 () 
Retinoic acid (0.12 mM) 15 0 0 


Type of regenerate 


Extra part Extra full 
radius and radius and Extra part Extra full Relative 
ulna ulna humerus humerus effectiveness 
3115% ) 8(40% ) 6(70% ) 0 $4 
1292% )} 0 18%) 0 43 
S125% ) 0 0 0 10) 
2(10%) () () 0 4 
4(25%) 3(19% ) 8(50% } 116% 68 
0) 3(20% } 9(60% ) 3(20% 80 


sss 


Same classes of abnormalities as in Table 1. All compounds were obtained from Sigma. Retinol palmitate, retinol acetate and retinoic acid were dissolved in water, retinol 


in dimethyl sulphoxide. 


socket, acetabulum and what appeared to be a small part of the 
pelvic girdle (Fig. 3a, b). Complete limbs were not regenerated 
from tarsal level amputations even at 75 IU ml ' as in the case of 
forelimbs. Subsequent experiments revealed that a concen- 
tration of 150 IU ml’ was needed for this to occur (Fig. 3b). 
This confirmed a trend which was apparent from a comparison 
of fore- and hindlimb experiments, that any one concentration 
and time had a greater effect (that is, caused regeneration to 
commence from a more proximal level) in the forelimb than in 
the hindlimb. 


Effectiveness of other retinoids 


I tested retinol palmitate, retinol acetate, retinol and retinoic 
acid to determine their comparative efficacy in inducing pattern 
abnormalities. Two concentrations were used: 0.6 mM 
(equivalent to 75IU ml’ retinol palmitate) and 0.12 mM 
(equivalent to 15 IU ml ' retinol palmitate). Five animals whose 
fore- and hindlimbs had been amputated through the radius and 
ulna or tibia and fibula were immersed in each of the test 
solutions for 15 days (a total of 160 limbs). At the highest 
concentration, all the animals kept in retinol died, as did three 
out of five in retinoic acid with the remaining two not regenerat- 
ing. One animal in retinol acetate died. Thus only retinol 
palmitate and retinol acetate could be compared in this experi- 
ment (Table 2). In 0.6 mM retinol palmitate, as before there was 
a spread of abnormalities, with most producing an extra radius 
and ulna in tandem (Fig. 1d) or an extra humerus also (Fig. le). 
The effects of retinol acetate were less severe, most consisting of 
an abnormally long radius and ulna (Fig. 1c). 

At the lower concentration (0.12 mM; Table 2, rows 3-6). 
retinol palmitate had only minor effects; most of the regenerates 
were normal and the remainder had an abnormally long radius 
and ulna. Again retinol acetate was less effective. However. in 
0.12mM retinol the majority of limbs had an extra part 
humerus (Fig. le), and in retinoic acid, a further 20% of cases 
had complete limbs regenerating from the amputation plane 
even at this low concentration. Scoring the severity of pattern 
abnormalities from 1 (extra carpals) to 5 (extra full humerus) 
gave a measure of the relative efficacy of these four retinoids 
(Table 2, last column) and the following heirarchy was revealed: 
retinol acetate < retinol palmitate < retinol < retinoic acid. 
Retinoic acid was thus the most active of the four retinoids 
tested. 


Implications for pattern formation 


The most obvious conclusion from these results is that the 
regenerated limbs described above all contravene the ‘rule of 
distal transformation’*. It has been shown that cells from any 
one level can only generate more distal limb levels during 
intercalary regeneration'''’ or regeneration from a reversed 
stump`™'* nor can they be forced to transform proximally in 
normal conditions'*. However, it is now clear that if conditions 
are changed by the addition of retinoids this rule no longer 
applies. 

As the profound changes brought about by retinoids occur 
while blastemal development and presumably cell division is 
inhibited, it follows that changes in pattern do not necessarily 


require cell division. They can be totally independent of growth, 
although subsequent proliferation is needed to manifest any 
alterations that have occurred. Thus pattern formation and 
growth control may be specified by different mechanisms. I have 
argued elsewhere’* that limb regeneration consists of two 
phases, an early morphallactic phase during which positional 
values are reassigned without cell division, followed by a period 
of growth when the remaining discrepancies are evened out. 
This scheme agregs in all respects with the results reported here. 

One possible explanation of the results is that the time delay 
itself is responsible for the extra pattern generated. However, a 
similar retardation occurs after amputated limbs have been 
denervated, a procedure which removes the source of neuro- 
trophic factor and inhibits cell division'®, but in contrast to 
retinoid treatment, when nerves are allowed to regrow into such 
limbs, only those elements that were removed by amputation are 
regenerated'’. Therefore time delays per se do not cause 
changes in pattern. 


Possible mode of action of retinoids 


Research into the cellular effects of retinoids has mainly 
involved mammalian tissues and even within this constraint 
many contradictory results have been reported. Thus 
extrapolation to amphibian tissues is of limited value, but per- 
haps two effects are noteworthy. One is the blocking of cell 
communication by gap junctions™" (although an increase in gap 
junction formation has also been noted'’), Cellular com- 
munication must surely have a vital role in the normal process of 





Fig.3 Hindlimbs regenerated after vitamin A treatment. Broken 
lines mark the amputation planes. a, Retinol palmitate 
(751U ml ') for 15 days. The remaining parts of the tibia (t) and 
fibula (f) can be seen and not cnly has a whole limb been produced 
distally but also part of the pelvic girdle, the acetabulum (g). b, 
Amputation through the tarsals and retinol palmitate 
(150 IU ml‘) for 15 days. The remaining tarsals (ta) can be seen 
and a complete new hindlimb including part of the girdle (g) has 
regenerated distally. Magnifications: a, x6; b, x6. 
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regeneration and any interference could cause pattern abnor- 
malities. The other concerns speculations on the role of the cell 
surface in pattern formation. It has been suggested that posi- 
tional information is encoded in the lengths of sugar chains on 
surface glycoproteins’ and retinol does indeed act as a sugar 
donor in glycosyl transfer reactions*’. In the nearest experi- 
mental system to that described here, that is, chick or mouse 
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limb bud mesenchyme, retinoids cause specific alterations in 
cell-surface glycoproteins". These speculations must await 
further research, but hopefully we now have a probe for 
investigating the molecular nature of positional information 
during pattern formation, at least in the limb. 
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Observations of intensity transitions in the X-ray emission from 
the black-hole candidate Cygnus X-1 (see ref. 1 and refs 
therein) were made by the Hakucho satellite? during the sum- 
mer of 1980 and are reported here. In addition, we report the 
results of hard (20-120 keV) X-ray observations of Cyg X-1. 
These data were obtained during the ‘high’ intensity state by 
balloon-borne mercuric iodide detectors, and are compared 
with data obtained at similar energies approximately 1 month 
earlier (A. Sheepmaker et al., in preparation) during the ‘low’ 
intensity state. 

Cyg X-1 was observed to be in a ‘high’ state by the Uhuru 
satellite? from December 1970 (its first observation of the 
source) to April 1971 and again during 1975 by the Ariel V (refs 
4-6), and OSO-8 instruments’, as well as the Astronomical 
Netherlands Satellite”. Subsequent observations at many 
different X-ray energies have indicated that Cyg X-1 has been in 
an extended ‘low’ state since early 1976. In his review of Cyg 
X-1 (ref. 1), Oda has summarized the light curves and spectral 
information which were published up to 1977. During the 
transition to a ‘high’ state, the soft (< 10 keV) and hard (> 10 
keV) X-ray intensities seem to be anticorrelated, that is, a ‘high’ 
state below 10 keV is associated with a substantial decrease in 
the X-ray intensity above 10 keV. 

For the work reported here, soft X-ray observations (1-30 
keV) were made with the scanning y-axis detectors on board the 
Hakucho satellite. The y-axis detector system consists of a pair 
of Xenon-filled proportional counters (SFX-VI and SFX-V2) 
with a 1.7° x 32° FWHM field of view. Each of the two counters 
has an effective area of 32 cm’. Only the SFX-V1 data were used 
in this analysis as the SFX-V2 field of view contained Cyg X-3 
during most of the observations. The satellite spins at 6 r.p.m., so 
that 3,000 transits of a given source are available during the five 
daily 10-min passes above the tracking station at Uchinora, 
Japan. The source transits are superposed and corrected for 
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aspect transmission and Earth occultation. Background is also 
subtracted. (For further details on the Hakucho satellite see 
ref, 9.) 

Figure 1 shows part of the X-ray light curve obtained with the 
Hakucho y-axis detectors during 1980. Each point represents 
the daily average X-ray intensity from Cyg X-1. Two ‘high’ 
states are clear: the first lasted at least 15 days, and was followed 
by a decrease over ~25 days to the pre-transition level; a 
second increase was observed ~~ 4 months later. This transient 
event resulted in the highest measured intensity shown in Fig. 1 
and began after JD 2444551.66 but before JD 244553.56 
(binary phase 0.05 and 0.39 respectively). Thus the rise time was 
less than 1.9 days. This increase was quite brief, with the ‘high’ 
state persisting for only 2 days. The erratic variability seen 
during the 1980 observations is similar to that observed in 1975 
and reported by Holt et al. using the Ariel V All Sky Monitor“. 

Also indicated in Fig. 1 are the dates when hard X-ray 
(20-200 keV) balloon observations of Cyg X-1 took place. The 
‘low’ state observations (8 May 1980) were performed by the 
MIT/ Leiden Balloon Group and will be reported separately (A. 
Scheepmaker eral. in preparation). The ‘high’ state observations 
(28 June 1980) constituted the first use of a mercuric iodide 
X-ray detector’’ in an astronomical experiment. The detector 
consisted of 11 Hgl, crystals with a total effective area of 7.6 
cm’. The detector assembly (crystals and preamps) was enclosed 
within a cylindrical Nal scintillator well (active anticoincidence 
shield) which rejected charged particles and y rays. The preflight 
energy resolution of the detectors ranged from 2-6 keV FWHM |. 
at 60 keV and remained stable during the 13-h flight from: 
Palestine, Texas. The gondola containing the detector was 
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Fig. 1 Soft X-ray (1~12 keV) light curve of Cyg X-1 obtained with 
the Hakucho satellite. Two ‘high’ states are evident. The first began 
before 10 June 1980 and the second transient event occurred in 
November 1980. Also shown are the dates of simultaneous obser- 
vations in hard X-rays by balloon-borne instruments. 
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Energy {keV} 
Fig. 2 X-ray spectra taken before and after the ‘high’ state 
transition of Cyg X-1 in late May/early June 1980. Data were 
obtained with the Hakucho satellite and with balloon-borne hard 
X-ray detectors. The Hakucho data points for high and low states 
are averages for 12-30 June 1980 and 1-19 May 1980, respec- 
tively. Also included are representative hard X-ray spectra taken 
during previous high states ™ , 


launched on an 11 x 10° ft’ balloon at 00.15 UT on 28 June 1980 
and floated west for 13h at an average altitude of 40 km 
(~2.9gcm™*). Maximum exposure to Cyg X-1 occurred at 
08.30 UT 28 June 1980. The detectors were calibrated using an 
on-board **'Am source for 2 min out of every hour. The counts 
for each separate Hgl, detector were binned in 64-s intervals in 
coarse energy channels, 10 keV wide. The detector counts were 
then summed to give the total counts per energy channel per 
64 s. 

Total exposure to the X-ray source was calculated as a 
function of time, taking into account aspect (azimuth. latitude, 
sidereal time, and field of view of individual Hel, detectors), 
atmosphere and detector window transmission, detector 
efficiency, and dead time. The maximum exposure to Cyg X-1 at 
transit was 37% over the 50-70 keV energy range. For each 
energy channel, an effective time on source, les = >. LE), WAS 
calculated and used to convert observed counts to a photon flux 
at the top of the atmosphere. Here, t refers to an individual time 
bin and <; is the total exposure, including atmospheric and 
aspect corrections as discussed above. There was less than a 2o 
detection in all energy bands. 

Cvgnus X-i passed through the field of view in 95 min 
resulting in 83 min of ‘on source’ data (that is, 5 min were 
occupied by calibrations and 7 min were lost due to telemetry 
dropouts); 40 min before and after this period were averaged 
and used as background. 

Figure 2 shows the 2ø upper limits derived for the hard X-ray 
spectrum during the 28 June 1980 Cyg X-1 ‘high’ state obser- 
vation. Also indicated are the results from the 8 May 1980 hard 
X-ray observations by Scheepmaker etal. (in preparation) which 
were obtained when Cyg X-1 was in the ‘low’ state, as well as 
representative hard X-ray measurements during the 1971 and 
1975 ‘high’ states. The 1-12 keV and 12-30 keV X-ray intensi- 
ties from the Hakucho observations have been averaged over 
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the high state and the low state separately. As can be seen in 
Fig. 2, the hard X-ray intensity is anticorrelated with the soft 
X-ray intensity; the pivot point occurs for an energy below 
30 keV. The best fit power law for the Hakucho measurements 
gives a photon number spectral index of 1.5+0.1 for the low 
state and 2.7 + 0.2 for the high state. Using detectors on HEAO 
3, Ling etal. (ref. 10 and personal communication) also recorded 
a continuous decrease in the hard X-ray intensity (48-183 keV) 
from 19 May 1980 until at least 2 June. The spectral anticorrela- 
tion reported here was also observed in previous low to high 
state transitions’"'’ and seems to be a consistent feature of the 
bimodal behaviour cf Cyg X-1. 

Previous observations have established that the spectrum 
varies with time during the different intensity states and is not 
well represented by a simple relation (for example, power law or 
exponential). This has led to the idea that the soft component of 
the spectrum may originate in the outer optically thick region of 
an accretion disk surrounding the central compact object, 
whereas the hard component arises in an optically thin, hot inner 
region'’. The observed time scales for the transition to, and 
decay from, a ‘high’ state are consistent with theoretical cal- 
culations for the evolution of a standard accretion disk'?, and 
Suggest fluctuations in the accreted stellar wind or changes in the 
optical depth of the gas at the outer edge of the disk (see refs 1, 
14 and refs therein). Spectral anticorrelation has also been used 
to explain the energy dependence of the short term variability 
(milliseconds to seconds)'*. A numerical model proposed by 
Ichimaru’? shows that two physically distinct states can exist in 
the accretion disk depending on whether the radiative loss is 
smaller or larger than the viscous heating near the outer boun- 
dary (that is, a transition is expected to occur for M/T? ~5x 
10° gs"! K`? where M is the accretion rate and T is the gas 
temperature at the outer edge of the disk). Thus, the middle part 
of the disk may become optically thick (high state) or optically 
thin (low state). 

We conclude that Cygnus X-1 returned to its high state in 
1980 after an apparent 4.5-yr interval in the low state. Note that 
this time period is similar to the 4-yr interval between the first 
and second observed transitions**. We have established that the 
soft and hard X-ray intensities are anticorrelated in the tran- 
sition between the two distinct states and we believe that any 
theoretical model of the bimodal behaviour of Cyg X-1 must 
account for this spectra! anticorrelation. 

We thank all the members of the Hakucho team for their 
contributions to the observations: Drs H. Inoue, K. Makishima 
and T. Murakami for help in the data analysis and preparation of 
the manuscript; Robert Kubara and the launch crew at the 
National Center for Atmospheric Research: and Dick Lynn, 
Carol Ortale, Wayne Sch nepple and John Warren for assistance. 
A. Scheepmaker provided data from the MIT/Leiden 1980 
balloon flight before publication. L.R.C. acknowledges support 
from Zonta International during part of this work. This research 
was sponsored in part bv NASA under grants NAGW-14 and 
NSG7339. 
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The cosmological solutions of Einstein’s general relativistic 
equations lead inevitably to space-time singularities’. However, 
general relativity is only an approximation to a fully quantized 
theory of gravity and we need to consider whether singularity 
persists in the quantum domain. Although a full quantum theory 
of gravity has not yet been developed, we show here that the 
above question can be tackled in a simplified model where only 
the conformal degree of freedom is quantized. Previous appli- 
cations of this technique had shown that in specific cases the 
quantum conformal fiuctuations (QCF) from the classical solu- 
tions diverge at the classical singularity, thus rendering the 
classical solution physically meaningless*”. Recently one of us 
(J.V.N. ref. 4) has generalized this result to cover all dust 
cosmologies. Here we show that this conclusion is applicable to 
even more general types of cosmological singularities. 

To arrive at this result we draw on the mathematical details of 
previous work; in particular, we make extensive use of the 
formalism developed in ref. 4. 

Classical equations of general relativity are derived from the 
variation of the action S given by 


S=- | RvV-gatx+ | Zagar (1) 
lér 
We have taken c = 1 and G = 1. As we are discussing quantum 
phenomena we will also take h= 1, thus making the Planck 
length the basic unit. Zn is the lagranpian density for matter. 
In the thin sandwich problem’ of classical gravity, if data are 
given on initial and final hypersurfaces =, and E, 6S=0 
determine the geometry of the space-time sandwiched between 
2, and 22. The initial and final data are specified by 3- 
geometries “’Y, and “’Y,. In the quantum problem there is no 
unique sequence of 3-geometries leading from 5, to 5. Instead 
we have a probability amplitude K[°@, =>; ©G,, Z] for the 
system to have the specified initial and final data. The kernel K is 
formally written as the Feynman functional integral 


KGs Za; G, Eil= | exp S1929 (2) 


where S[Ẹ] is the action for an arbitrary geometry Y which 
satisfies the given boundary conditions. If we are considering 
only the conformal degrees of freedom we have to take all 
geometries given by the metrics 


Eik = Qir (3) 


where Q is a function of space and time (i =Q, 1, 2, 3), while Z;, is 
the metric tensor describing the solution of the classical problem 
(all physical quantities pertaining to the classical solution carry 
an overbar). 

Using a time coordinate ¢ to label the spacelike hypersurfaces 
2X1, 22 aS fı, h we may rewrite equation (2) as 


KI t: M, n=] exp iS[O]90 (4) 
with 
1 _ a 
SLO] = Te Í (R Q?- EQO —ē dx + Í EN g d*x (5) 
TT 


The lack of a unique space-time geometry in the quantum 
regime may also be expressed through a wavefunction V which 
‘propagates’ with the kernel K: 


W(M>, t:)= | K[Q2, ti Qn tO, %)90, 6 


A physical interpretation can be given to the above relation by 
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choosing a Gaussian wavepacket form for (Q4, t) and then 
studying its dispersion as the final hypersurface X, approaches 
the singularity. For the examples discussed in refs 2 and 3, it was 
shown that while the ‘mean’ of the wavepacket stays on the 
classical solution Q = 1, its dispersion diverges as the classical 
singularity is approached. 

It was shown in ref. 4 that the above results were in fact part of 
a general result which was valid for all singular spacetimes 
containing only dust. By a similar analysis it can be shown that 
whenever S[Q] is a quadratic functional in Q and its derivatives, 
the kernel can be writtten as 


K[Q h; Oh, 4h] =F (th, ti) exp [iS] (7) 
where F(t, t1) depends only on f, and ¢,, and 


-~ 2 2 3 
5-5 F —|{ Aralan pant 
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X Op(xp})Q9(xQ) d’xp dxo (8) 


The coefficients A,, and A- are given by certain integrals 
involving the retarded Green’s function G(x2, f; xı, f4) of a 
scalar wave equation determined by the background classical 
geometry and the source. In the dust case discussed in ref. 4, the 
scalar wave operator is simply O+ R/6. 

The interesting part of S in equation (8) is, however, the cross 
term containing Aj2, which retains the memory of the initial 
wavefunction at t = f. The coefficient Aj, is given by 


Agi (Xo, f2; X1, t1) = Aral, f1; Xo, i2) = [G (x2, f2; X1, t) (9) 


Suppose now that G diverges as the space-time singularity is 
approached. We then have A,2> 0 and a decoupling of the final 
wavefunction from the initial one. This is precisely the state of 
complete uncertainty of the final state represented in the wave- 
packet case by infinite dispersion. 

In ref. 4 the divergence of G at the singularity was deduced 
from the conformal invariance of the operator O+ R/6. 
However, the result also seems to be valid for other cases. For 
example, it was shown recently® that the OCF diverge for a 
Robertson—Walker universe containing a massless scalar field. 
The QCF also diverge at the singularity of the empty Kasner 
universe’. These results suggest that we should look for a proof 
of the divergence of G in a fairly general scenario as follows. 

Belinskii ef al." argued that a general approach to the space- 
time singularity can be described by a succession of Kasner type 
solutions, in which the Universe contracts along two axes and 
expands along the third. (We have reversed the direction of time 
so that <0 and the final singular state is described by t = 0.) 
Without going into detail we will simply accept the claim that 
number, 8, of arbitrary functions in the Belinskii et a!l.’ solution 
makes it a general solution of Einstein’s equations. 

Belinskii et al. have argued that near the space-time 
singularity the contributions from m can be neglected and the 
wave operator for our Green’s function then becomes simply U. 
We therefore have to show that in the space-time of their model 
the Green’s function of the wave equation 


OG (x2, t; x1, 1) =[—- 8x, tA, fas Xi, ty) 10) 


diverges as h> 0. 
The line element of the Belinskii et al. model is given by 


ds*=dt?—y,,dx" dxf, a,B=1,2,3 (11) 
3 
Yas = D (talue (12) 
wal 


where p,, La are functions of space coordinates. As in the 
Kasner universe, the p, satisfy 


3 3 
Y P= dL pial (13) 
m=] pal 
Simple algebra shows that close to the singularity the Green’s 
function is given by 


0O>L>h (14) 


53(X2, X t 
G (Xa te} Xi, n)a 2a 0) |= 


fx) fp 
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while G =0 otherwise. The function f depends on the space 
coordinates. We are interested in the behaviour of the Green’s 
function as fh > 0, the singular epoch. 

From equation (14) we have G > œ logarithmically as f > 0, 
leading to divergence of QCF. Matter terms are unimportant 
in the final stages of the Belinskii et al. solution so our conclusion 
should hold for general distributions of matter and energy. 

Although we have quantized only the conformal degree of 
freedom, the fact that the OCF diverge at the classical 
singularity is sufficient to demonstrate that quantum uncertainty 
becomes so large near the classical singular epoch that the 
classical singularity ceases to have any significance, In analogy 
with the example of the hydrogen atom can we therefore expect 
explicit examples of quantum behaviour in the very early Uni- 
verse? Recent investigations”’’° have shown that closed Fried- 
mann models have stationaty states and that the Planck length 
sets the lower limit to the ‘size’ of the Universe. Whether this is a 
general feature of quantum cosmology remains to be seen. 
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The interaction of ionizing radiation (X rays or high-energy 
particles) with gases results in the creation of electron-ion pairs. 
For low-energy X rays a small cluster of primary ionization is 
produced close to the point of the initial photoionization. High- 
energy particles, however, lose a small fraction of their energy in 
each of a number of ionizing collisions resulting in a long track 
composed of clusters of ionization. We report here that the light 
signals emitted by a parallel-plate proportional counter are fast 
enough to allow the individual electrons in the ionization clus- 
ters to be resolved. By counting the number of electrons for low 
energy X ray events we demonstrate an improvement in energy 
resolution of more than a factor of two over conventional 
proportional counters. 

The mean number of electrons, A, created by the photoelectric 
absorption of X rays in a gas is a function of the X-ray energy, E, 
and the mean energy required to create anion pair, W, such that 
n= E/W (where W~26 eV in Ar). In conventional gas pro- 
portional counters the electrons produced are accelerated by a 
strong electric field such that a Townsend charge avalanche 
results. At a constant mean charge gain, A, the charge signal 
from the proportional counter is directly proportional to the 
X-ray energy. The charge signal pulse amplitude distribution 
which is observed results from the variation in n and in A. Fano! 
pointed out that the standard deviation in n is ø, = (Fā) 7, 
where F (the Fano factor) is ~0.17 for Ar. Tne total fractional 
deviation in the charge pulse amplitude, an/N, is given by, 


2 2491/2 
On Fn 1 (2) | A 
maT ee ma Fa i e 
N (= H\A (1) 


where N is the mean number of final electron-ion pairs, and 


GO28--08 36 / 82 /080678—02 $01.00 








Nature Vol. 295 25 February 1982 





b 


| AAAA tap ether gsr 





RR 


AELIAN N SANA ANAA AA EENE o NCE ICT A SA ANAA EARNE RDE NES IB RS ageun ea 
$ foes E H ? 






si 
Ae 
Se 






z e a AAEE sd CoRR 
A- ` : Aini 


E Ep Ti ni ipi 


Fig. 1 Traces of the light pulses for two C-K X-ray events. The 

individual peaks correspond to avalanches initiated by single elec- 

trons. The gas used was Ar~CH,(5% -CO2(5% J-N2(7.8%), witha 
drift region field strength of ~10 Vem‘ anda gas gain of 10°. 
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o,/A is the fractional deviation in the charge gain. We may 
write f = (o4/A)° for the variance in A (f is typically’ 0.6-0.7 
when A = 10°-10°). Rewriting equation (1) in the form ox/ Ñ = 
[(F+f)W/E]”, it is clear that the elimination of f would result 
in a factor of more than two improvement in energy resolution. 
This is accomplished in the gas scintillation proportional coun- 
ter". The same result may be achieved by counting the indivi- 
dual initial electrons, 

In the approach described here the light pulses emitted by 
Townsend avalanches in a parallel plate proportional counter? 
are detected by a fast photomultiplier tube (PMT, EMI 9818 
QBM, ~2 ns rise time), The PMT views the 1 mm-deep avalan- 
che region through an optically transparent anode deposited on 
a fibre optic substrate“, The gas mixture used was Ar-CH, 
(5% )-CO2(5% )—-N(7.5%) ata pressure of 760 torr, Ar and N, 
in the mixture are responsible for the light emission. Ar emits in 
the range 7,000-8,000 A and N, emits in the range 3,000- 
4,000 A (from the second positive band of N;), with an optimum 
light emission attained for of the order of 10% N, (ref. 6). CH, 
and CO, are used in the gas mixture to inhibit secondary 
electron emission processes, thus enabling high charge gains to 
be achieved, and to reduce the lateral diffusion of the electron 
cluster so that acceptable position resolution may be obtained in 
applications requiring imaging®’. Addition of CO, also reduces 
the electron drift velocity” (A. J. F. Den Boggende and C. J. 
Schrijver, personal communication). Fairly low concentrations 
(5%) of CH, and CO, were used as these gases also suppress the 
light emission’. 

For an X-ray event the overall duration of the light signal is set 
by the time taken for the initial electron cluster to cross the grid 
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which separates the drift and avalanche regions of the counter. 
Because each electron initiates an avalanche the overall light 
signal is composed of a number of light pulses (7). The ability to 
resolve the light pulses attributable to individual electrons 
depends on the number of electrons, the overall duration of the 
light signal and the width of the individual light pulses. As the 
electron velocities in the avalanche region are high the excita- 
tion time, and hence the rise time, of the individual light pulses is 
fast (~1 ns). It has also been found that the light pulse decay 
time is fast (~1 ns) because CO, and CH, heavily quench the 
excited states responsible for light emission by collisional de- 
excitation’. This time scale compares with a resolution of ~20 ns 
obtained by Walenta” with the charge signal from a time expan- 
sion drift chamber. Walenta® was able to resolve the ionization 
clusters for high energy charged particle events, but was not able 
to resolve individual electrons for 5.9-keV X-ray events, 
although this might have been possible if low energy (<1 keV) X 
rays and very low electron drift velocities had been used. Light 
pulses from a counter of similar geometry to that used in this 
work were studied by Charpak et al.” and show some structure 
for °°Fe events, but the detector gas and operating conditions 
were not optimized for high time resolution. 

In this study the overall duration of the light signal, required 
to be able to resolve the light pulses initiated individual elec- 
trons, was established by using a low field strength (10 V cm™') 
in the drift region of the counter, giving a low electron drift 
velocity (~1.5x 10° cms). However, this field strength is 
substantially less than that required for optimum position 
resolution (> 100 V cm~ `Y and results in an increase of a factor 
of ~3 in the lateral size of the electron cluster. 

Figure 1 demonstrates the resolution of C-K X rays into 
several single electron events (the signals were displayed on a 
Tektronix 1 GHz oscilloscope). It is estimated (from the data in 
ref. 2) that for the gas mixture used F ~0.17 and W~ 26.5 eV 
so the theoretical number of initial electrons is 10.6+ 1.3. This 
compares with an experimental value of 11+ 1.6, deduced by 
counting the number of light pulses which comprise each 
individual C-K X-ray event. For C-K X rays this method results 
in an energy resolution of ~34% FWHM, compared with a 
value of ~85% FWHM for typical proportional counters. For 
B-K (0.18 keV) X rays we obtain a value of 741.5 electrons 
compared with a theoretical value of 7+1.1. This gives an 
experimental energy resolution of ~50% FWHM at B-K 
compared with ~ 105% FWHM for conventional counters. The 
energy resolution for the electron counting technique is 
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Fig.2 Comparison of the FWHM energy resolution as a function 

of X-ray energy for a proportional counter with the predicted 

energy resolution for counting individual initial electrons, derived 
from measurements with C-K and B~K X rays. 





Fig. 3 Trace of the light pulse emitted for a 6Co event showing 
the resclution into clumps of ionization, which are made up of a 
number of peaks corresponding to individual electrons. 


compared with the energy resolution of a conventional propor- 
tional counter in Fig. 2. 

6°Co (~1.2 MeV) y rays were also observed with the detector. 
y rays interact mainly with the walls, resulting in the ejection of 
high-energy electrons. These electrons are mostly within a 
factor of two of being minimum ionizing. The ionization tracks 
produced extend across the 3.5-mm deep drift region of the 
counter, therefore the overall light signals lasts about four times 
longer than for X-ray events, which produce small electron 
clouds. Figure 3 shows the structure of a typical }°Co event in 
which ionization clusters may be discerned, each composed of 
several electrons. 

In X-ray detection the increased light signal duration for high 
energy particle events allows identification and rejection of the 
latter. This ability has already been demonstrated with the 
integrated light signal**. Background rejection may be accom- 
plished more efficiently, however, by setting upper limits to the 
number of single electron avalanches and the duration of the 
light pulse train. 

The practical realization of electron avalanche counting will 
require suitable pulse counting circuits. Although the theoreti- 
cal limiting resolution, as determined by the Fano factor, is 
~37% (B-K) and ~30% (C-K) it is anticipated that counting 
errors due to closely spaced single electron events will degrade 
the resolution achievable in practice. Results obtained with fast 
logic devices indicate that electronic counting can be at least as 
efficient as the technique used here. Therefore it seems possible 
that improvements in energy resolution of at least a factor of two 
over current proportional counters may be attained. 

This improvement in energy resolution for a parallel plate 
proportional counter should find applications in low energy 
X-ray astronomy, where both high energy resolution and high 
spatial resolution are desirable. The ability to count individual 
electrons, as demonstrated here, makes it possible to determine 
Fano factors for gases, as was suggested by Walenta”. The 
increased time resolution may also enable improved ionization 
cluster counting efficiency to be achieved for applications in 
high-energy charged particle physics. 
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An important result of earlier ionospheric modification 
experiments performed at Platteville, Colorado, was the dis- 
covery that the reflectivity of the ionosphere was greatly reduced 
in the reflection region of a high-power radio (pump) wave’. 
Because the reflectivity of low-power diagnostic waves passing 
through the modified region with frequencies from just below 
the pump wave frequency up to the F region critical frequency 
were reduced, the phenomenon was termed wide-band absorp- 
tion (WBA). Subsequent experimental and theoretical work 
(for review see ref. 2) has led to the conclusion that WBA is due 
to the scattering of radio waves from field-aligned irregularities 
into plasma waves. These irregularities are generated by the 
interaction of the pump wave and the ionospheric plasma but the 
mechanism by which this occurs is not completely understood. It 
is evident, however, that in the process the pump wave itself 
undergoes WBA. In a recent campaign using the Max-Planck 
Institute ionospheric modification facility at Ramfjordmoen, 
near Tromso, Norway, the existence of WBA at high latitudes 
was confirmed by experiments using low-power diagnostic 
waves passing through the reflection region of the high-power 
radio wave“, As we report here, during an experiment to 
measure the effect of WBA on the pump wave itself, the 
essentially nonlinear nature of the interaction between the 
high-power radio waves and the ionosphere was demonstrated 
in a new and striking way. 

The experiment consisted of measuring the amplitude of the 
reflected 5.423-MHz pump wave at a receiver about 40 km 
south of the transmitter while the effective radiated power 
(ERP) of the pump wave was being changed. The changes in 
ERP consisted of 40 steps of 6.5-MW increases from 0 to 
260 MW (full power) and then 40 incremental decreases of 
6.5 MW down to 0 MW, the steps being made at 9-s intervals. 
One cycle was thus completed within 12 min and was repeated 
several times. 

Figure 1 shows a record of the reflected pump signal during 
this experiment. The reflected signal increases suddenly during 
the first step from 0 to 6.5 MW ERP and then continues to 
increase but less rapidly, during successive increases in ERP. 
This behaviour is a result of the usual WBA effect and persists up 
to ~40-50% of full power. However, further increases in power 
produce a completely new type of behaviour in which the 
reflected signal decreases with increasing ERP. 
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Fig. 1 Record of reflected pump wave amplitude during one 
12-min cycle. 
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This result is a direct consequence of the dependence of the 
reflectivity of the ionosphere on the amplitude Es of the pump 
wave. If the absorption coefficient of the ionosphere under the 
influence of the pump wave is X (Eo), the reflected amplitude Er 
after the wave has travelled twice through a thickness Lo of 
modified ionosphere is 


Ep = E, p r oxtEp) ( 1) 


from which it can be seen that 


JE R/GEg = eh! (1-20 E00 X/0Eo) (2) 
Thus, as long as X is an increasing function of Ep (which theory 
predicts to be the case), then expression (2) shows that Ex will 
increase with Eo when Eo is less than a critical value, E., but that 
Er will decrease with increasing Es when Es exceeds E., where 
E. is given by 


E.= 1/(2L90X/dEo) (3) 


This result may have far-reaching practical implications, espe- 
cially in the field of telecommunications. It is normally assumed 
that in a broadcasting system, the signal amplitude at a remote 
receiver can be increased by increasing the radiated power of the 
transmitter. The present results suggest that a certain optimum 
power exists above which the signal received via the ionosphere 
at a remote site will be reduced. 
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Unusual luminescence behaviour 
of terbium phosphate glasses 


David J. Cronin, Douglas H. Blackburn 
& Wolfgang K. Haller 
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While preparing a terbium-containing phosphate glass, an 
intense emission of green light was observed when the melt was 
poured into a metal mould. This emission was easily visible to 
the naked eye and was only observed on quenching of the melts. 
To our knowledge this phenomenon, termed ‘cooling-induced 
luminescence (CILY, has not previously been reported. 
Experimental evidence suggests that the CIL may be related to a 
thermally induced shift in the oxidation-reduction balance in the 
melt. A similar phenomenon was also observed with europium 
phosphate melts. 

To determine the exact nature of the emission, a series of 
spectra was recorded using a quartz prism spectrometer, taking 
successive photographic film exposures, as the melt cooled. 
Figure 1 shows the emission spectra obtained during the cooling 
of a melt of terbium metaphosphate, Tb(PO,);, and the emission 
spectrum obtained by exciting the glass, at room temperature, 
with an UV light source fitted with a ‘black light’ filter. The CIL 
peaks agree well with the UV-excited peaks and correspond to 
the known fluorescence spectrum of Tb**. The peaks at 412 and 
436 nm in the spectrum taken at 1,284 °C also correspond to 
known terbium emissive transitions, even though they were not 
observed in the UV-excited spectra. The spectra in Fig. 1 
obviously represent a superposition of the terbium fluorescence 
lines and the thermal emission continuum of the hot melt. F igure 
2 shows the thermal emission continuum of a metaphosphate 
melt, La(PO3);, which does not contain an ion exhibiting 
fluorescence. 

Quenching of the melt was required to observe CIL. Table 1 
summarizes the effect of cooling history and rate for Tb(PO,),. If 


© 1982 Macmillan Journals Lid 


Nature Vol, 295 25 February 1982 


681 





1,284°C 
1000 we 
450 1,245°C 
210 A 
1,200°C fh, 
> q 
= 85 R 
S 
= LISI CoA. 
2 35 N 
k: 
E 1,105-C 
15 i 
1,063-C i 
r! 1 
Vee - 
‘ 
AG fs 
L kee i ` 
625 585 545 488 436 412 
Wavelength (nm) 
Fig. 1 Spectra obtained on cooling of Tb(PO3)3. ---, UV- 


excited spectrum of Tb(PQ3)3. 


t 


the melt was allowed to cool freely in air in its crucible, a cooling 
rate of <2 °C s7}, no emission was observed. On casting from an 
initial melt temperature of 1,400 °C, the centre temperature of 
the cast piece showed a cooling rate of ~10°Cs™ and the 
emission for a 100 g melt was visible for ~20 s: In another set of 
experiments small solid glass samples were heated to up to 
1,100 °C and then quenched. If the samples were allowed to cool 
in air the initial cooling rate was ~100°C s™* but no CIL was 
observed. However, if the samples were taken from the heat 
source and immediately placed in water, giving an initial cooling 
rate of ~500°Cs7', CIL was observed for samples having an 
initial temperature of 850 °C or higher. No CIL was observed in 
cases where the initial temperature was <850 °C. These results 
indicate that a certain quench rate is needed to observe CIL and 
that this quench rate is related to the initial temperature of the 
glass. 

Several melts were made by melting a mixture of Tb,O7 and 
NH, HPO, to determine the composition range over which the 
CIL effect could be observed. Additions, if any, were in the form 
of oxides, except in the case of sodium where the carbonate was 
used. The melts were carried out at 1,400 °C in Al,O3 crucibles 
after an initial preheating to drive off most of the NH, and H,O 
and preheat the crucible before placing it in the melt furnace. 
The melts were generally cast after 1 h at the melting tempera- 
ture. i 

In binary terbium phosphates, CIL was observed over a 
composition range of 16-25 mol % Tb20;,. No melts were made 
with >25 mol % Tb,O3. Various oxides were added. to the 
Tb(PO;); composition, at 5 mol %, to determine their effect on 
the CIL. Individual additions of MgO, Na,O, and Al,QO; did not 
seriously affect the emissions. However, additions of oxides with 
variable valency states, such as Sb.O,; or CeQOz, completely 
quenched the CIL effect, although UV-excited fluorescence was 
observed. 

As an alternative to introducing the P20, as NH,H2POu,, 
other melts were prepared from material formed by mixing 
HPO, and Tb nitrate solution. The terbium nitrate was made by 
digesting terbium oxide in concentrated nitric acid. The-material 
was dried at ~100°C before placing it in the melt crucible. 
Melting was carried out in an Al,O3 crucible at 1,400 °C for 1 h, 
as with the other melts, and resulted in a clear fluid melt which 
cooled to a clear glass. Although it showed only a very faint 





Table 1 Effect of thermal history on CIL in Tb(PO3)3 





Cooling rate °C s`?) 


Initial temperature CIL CIL not ` 
(°C) observed — observed 
1,400 ' 40- 25 
1,100—850 500 100 
<800 O 500 


a AE 


indication of CIL on pouring, UV-excited fluorescence was 
observed. ° 

The intensity of the CIL in these melts could be increased 
greatly, to the level of the original glasses, by bubbling NH, or 
CO gas through the melts at 1,400°C. The CIL could be 
quenched again by bubbling O, gas through the melt. 

During melting of the various compositions, it was noted that 
holding time at temperature also affected the CIL. The Na,O- 
containing glass, which originally exhibited CIL, did not show 
CIL after an additional 3 h of melting. The Al.O 3-containing 
glass also showed a significant decrease in intensity of the CIL in 
similar conditions, as did Tb(PO3)s, particularly at long melting 
times, up to 22h. The ability of oxygen to quench the CIL 
indicates that the decrease in intensity may be due to the slow 
oxidation of the melt from prolonged heating in air. 

CIL was also photographically recorded for a europium 
metaphosphate melt, though the luminescence is in: the red 
portion of the spectrum and therefore difficult to distinguish 
visually from the black body radiation. -. , 

Our results identify the emissions involved in the CIL as the 
normal Tb*" fluorescence transitions, and provide some indica- 
tion of the nature of the excitation process. One obvious possi- 
bility is excitation by the thermal black-body radiation. 
However, if the mechanism was a simple excitation by the UV 
portion of the continuum, a steady-state emission would be 


-expected-while holding the glass at elevated temperatures, and 


none is observed. Another possibility is a stress-induced tri- 
boluminnescence. However, the CIL occurs at temperatures 
where the melt is still quite fluid and no stress could be 
developed. ; 

The need for quenching to observe the CIL, and the’depen- 
dency of high quench rates on starting temperature, indicate that 
the emission is the result of the decay of a temperature-depen- 
dent excited state. The fact that the cooling rate necessary to 
observe the CIL depends on starting temperature may indicate 
that the decay process is always radiative but during slow cooling 
the emission cannot be observed because of the relative magni- 
tude of the background. The other possibility is a competition 
between radiative and nonradiative decay with the radiative 
process being favoured in rapid cooling conditions and the 
nonradiative process in slow cooling conditions. 

One possible temperature-dependent mechanism is a valency 


change of the terbium. Only terbium oxide is known to show a 


large change in Tb**/Tb** ratio as a function of temperature’, 
and many other multivalent ions, such as iron? and cerium’, 
show similar changes even when incorporated iri a glassy matrix. 
That oxidation of the melt, by batch additions (such as Sb203, 
CeO.) or by bubbling O; gas, quenches the CIL and reduction of 
the melt, by CO, or NH; gas, can revitalize the CIL indicates the 


‘sensitivity of the effect to the overall redox balance of the 
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system. Therefore a temperature-dependent valency change 
may indeed contribute to the CIL effect. However, the intensity 
of the Tb** fluorescence in UV irradiation was essentially the 
same, for terbium phosphate glasses, regardless of whether CIL 
was observed or not, implying that the Tb** content of the 
glasses, at room temperature, was not greatly different, thus 
indicating that the redox changes are more complicated than a 
simple shift in Tb**/Tb** ratio. It also is not clear from our 
results whether the quenching of the CIL by oxidation prevents 
formation of the excited state or shifts the decay process to a 
non-radiative path. 

In conclusion, a unique form of luminescence was observed 
which was quite sensitive to the overall oxidation reduction 
balance of the melt and the rate of cooling of the melt. The 
experimental evidence indicates that the excitation mechanism 
requires species of a particular valence and may be due to a 
thermally induced shift in the oxidation reduction balance in the 
melt which results in the observed terbium luminescence. This 
may involve the terbium directly or may involve the phosphorus 
with the energy released being transferred to the terbium to 
produce the fluorescence. 
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The investigation of normally-metallic fluids at reduced densities 
has created considerable experimental and theoretical interest. 
Hensel!’ has presented evidence for transitions, related to elec- 
tronic properties, in both the liquid and vapour phases of Hg, 
and predicted that these would affect the liquid-vapour transi- 
tion. We present here evidence that the vapour pressure curve 
of Hg, p(T), has an unusual and probably unique form in that 
the In p against 1/T plot showed a sharp change of slope at 
temperature T = T’ = 1,361 K and saturated liquid density p, = 
10.7 gcm™. The latter is about the density at which Hensel! 
deduced that the electronic mean free path equalled the mean 
interatomic spacing, and which he took to be associated with 
the electronic-property related transition in the liquid phase. 

Our experiments were made using an internally-heated pres- 
sure vessel pressurized with argon gas. The sample of Hg was 
contained in a closed cell, fabricated largely of Mo, which 
entered the internal furnace of the pressure vessel and which 
was also connected by means of high-pressure capillary tubing 
to a strain gauge type of pressure transducer outside of the 
pressure vessel. This transducer was used to measure the vapour 
pressure. The argon pressure in the pressure vessel was 
adjusted so as to be approximately equal to the measured 
vapour pressure of the Hg to prevent deformation of the cell 
under stress. The pressure transducer was calibrated using a 
dead-weight tester, and we estimate the inaccuracy in p as 
+0.4 MPa. The temperature was measured using several 
Pt/Pt13Rh thermocouples in close contact with the hot part of 
the cell where the liquid~vapour meniscus was located. Users 
of internally-heated pressure vessels are familiar with system- 
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atic errors in temperature measurement arising from convection 
in the pressure-transmitting medium, here argon gas. To correct 
for such error, we adjusted our temperatures so that, at 929 K, 
our data agreed with the relatively accurate, low-temperature 
vapour pressure data of Sugawara et al”. The required adjust- 
ment of temperature varied from 0 to 20 K in the various runs 
which were made. 

We fitted our data to several different equations using a 
least-squares procedure. The simplest form of equation was 
inp = A/T +B. To obtain a good fit to our data, we needed 
different values of A and B above and below a temperature 
of 1,361 K where we observed a change of slope (Fig. 1). At 
low temperatures, our data in the range 742~1,271 K yielded 


In (p/MPa) = —7,148(K/T)+9.064 (1) 


Using the same procedure, the data of Sugawara et al.’ in the 
temperature range 602-929 K yielded 


In (p/MPa) = ~7,132(K/T)+9.038 (2) 


From the agreement of the corresponding parameters in 
equations (1) and (2), in particular that corresponding to the 
slope, we inferred that systematic error in temperature 
measurement in our experiments was constant, essentially 
independent of temperature, in any given run. Over the tem- 
perature range 742-929 K, where there was data overlap 
between our experiments and those of Sugawara et al.’, pres- 
sures calculated using equations (1) and (2) differed at most by 
0.88%. 

The same fitting procedure and form of equation when 
applied to our data in the temperature range 1,389-1,719 K 
yielded 


In (p/MPa) = ~8,180(K/T)+9.822 (3) 


To confirm the validity of our data at the higher temperatures, 
we used the most recent and reliable values of critical tem- 
perature, T., and critical pressure, p., obtained independently 
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Fig. 1 Vapour pressure of Hg. 
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Fig. 2 Deviation between experimental and fitted values for 

vapour pressure of Hg: solid line, In p = A/T +B +C In T; broken 

line, In p =A/T + B; cross-hatched region, deviations scattered 

within this region both for Frost-Kalkwarf’ equation In p= 

A/T +B+C in T+ Dp/ T°, and for equations (1) and (3) of the 
present work. 


by other workers. Experiments by Neale and Cusack? and 
Schönherr and Hensel" yielded an experimental value p.= 
170 MPa, obtained by averaging 167.5 and 172 MPa. Substitu- 
tion in equation (3) of values of T, obtained by these workers 
yielded an average predicted value p. = 179 MPa, that is, 9 MPa 
higher. Alternatively, substitution of the same values of T. in 
equation (1) yielded an average predicted value p.= 151 MPa, 
that is, 19 MPa lower than the average experimental value 
obtained independently. From such comparisons we inferred: 
(1) that our predicted value of p. from equation (3) was in 
reasonable agreement with other work, (2) that our values of 
vapour pressure near p, were not subject to serious unsuspected 
systematic error and (3) that linear extrapolation of low tem- 
perature data in a In p against 1/T plot (equation (1)) yielded 
an improbably low predicted value of p.. As we have found 
reasonable agreement of our data with that of other workers** 
at T = T, and good agreement of the slope with the data of 
Sugawara ef al.” at low temperatures, it follows that the In p 
against 1/T plot must bend upward at intermediate tem- 
peratures. 

The typical results shown in Fig. 1 were reproducible both 
on heating and cooling and for a range of different total Hg 
masses in the cell. The temperature at which the change of 
slope occurred (T’) we estimated as 1,361+ 30 K. 

We also attempted to fit other forms of equation to our data; 
the results are shown in Fig. 2. A single equation of form 
Inp=A/T+B, or the Kirchhoff equation In p= A/T +B+ 
C in T, evidently yielded poor fits. The latter has been used 
successfully” to fit high-temperature vapour pressure data for 
Cs, which showed only a slight curvature in a In p against 1/T 
plot, concave towards the 1/T axis. The four-parameter implicit 
equation, Inp = A/T +B +C In T+Dp/T’, due to Frost and 
Kalkwarf®, gave as good a fit as two equations of form In p = 
A/T + B, and thus these two possibilities cannot be distinguished 
on numerical grounds. 

Whatever the form of equation(s) used, the data shown in 
Fig. 1 clearly indicate a rapid change of slope at a temperature 
~1,361 K. As already suggested by Hensel’, liquid-vapour 
equilibrium would be expected to be affected by an electronic 
‘transition’ in the liquid phase or vapour phase, or both. By 
using our value for T’ together with well-established co- 
existence curve data’, we obtained a value p; = 10.7 +0.3 gem” 
for the corresponding liquid phase density. This is about the 
density which has been taken'* to be that by which the electron 
mean free path has been reduced to about the mean interatomic 


spacing, and which marks the beginning of a rapid reduction 
in the density of states at the Fermi level (N(E;)) €or lower 
densities. The latter densities have been referred to as corres- 
ponding to the strong scattering region. As the density of states 
should affect the thermodynamic properties, we conclude that 
the reduction of N(E;) with volumetric expansion of the liquid 
phase im the strong scattering region is the most likely cause 
of the cifferent slope of the vapour pressure curve which we 
have found for temperatures greater than 1,361 K. 
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Factors controlling the 
acidity of natural rainwater 
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It is often assumed’ that the pH of natural rainwater is 
controlled by the dissociation of dissolved CO,, has a value of 
5.6, and that decreases below this are due to the addition of 
acidic components by human activity. However, decreases could 
be due to the removal by rainwater of naturally occurring acids 
from the air (notably H,SO, in the natural portion of the sulphur 
cycle). Consideration of the cycling of water and sulphate 
through the atmosphere and the amount and composition of 
sulphate zerosol expected to be scavenged by a given amount of 
cloud water in remote locations indicates that, in the absence of 
basic materials (such as NH, and CaCO), average pH values of 
~§ are expected to occur in pristine locations. This value must 
vary considerably due to variability in scavenging efficiencies as 
well as geographical patchiness of the sulphur, nitrogen and 
water cycles. Thus, pH values might range from 4.5 to 5.6 due to 
variability of the sulphur cycle alone. Because of widespread 
concern regarding the acidification of rain, it is important to 
understand the factors controlling the pH and composition of 
natural rainwater. We suggest here that there are integral 
constraints imposed by (1) the requirement for mass continuity 
in each elemental cycle and (2) the relative concentrations of 
soluble species and liquid water in cloudy air; these factors must 
be mutually consistent. 

Although the NH;/NHj part of the nitrogen cycle is 
important (NH, being the dominant atmospheric gaseous base) 
it is not yet possible to consider it quantitatively. Simi- 
larly, the NO/NO2/HNO, cycle is inadequately measured, 
However, HNO, will always add to the acidity of rainwater due 
to H,SO,. We can make a preliminary estimate of the concen- 
trations of strong acids in rain in remote locations by first 
studying the sulphur cycle alone. The maximum or potential 
acidity thus estimated neglects neutralization by bases such as 
NH, or CaCO, which will increase pH. However, as both NH; 
and basic cust concentrations are often low (such as in maritime 
air) this approach has actual application. 

Estimates of the natural flux of sulphur through the atmos- 
phere have been based on indirect arguments: for example, 
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using river run-off data’, and more direct measurements of 
deposition by precipitation’, of emissions of sulphur-containing 
gases from the ocean surface’, coastal sediments®, or volcanoes’. 
The global total of such fluxes—disregarding anthropogenic 
emissions and those associated with the formation of sea spray— 
is still uncertain but recent estimates®”'® are in the range 35- 
11010" gSyr"', which is comparable with the present 
anthropogenic emissions’? of ~ 10010" gyr. For illustra- 
tive purposes we may assume a value of 60 x 10'* g yr”! for the 
global emission of natural, non-sea spray sulphur, but it is 
uncertain by at least a factor of two in either direction. If this 
sulphur were evenly distributed over the globe and one-half of it 
were deposited as sulphate in precipitation'’, the resulting pH 
would be ~ 5.2 (assuming the remaining sulphur is present as 
HSO, in the rainwater). 

Note that the ‘global sulphur cycle’ is far from global. Because 
of the limited residence time in the atmosphere of the major 
sulphur-bearing compounds (H-S, (CH;).S, SO. and SOZ)? 
and an uneven geographical and temporal distribution of 
sources and sinks, the sulphur cycle will exhibit large variations 
in space and time. Examples include volcanic emissions of SO,; 
production of (CH;).S in the surface water of the oceans and its 
subsequent release to the atmosphere that is likely to be coupled 
to the biological productivity of the ocean water and therefore 
vary with it; and the possibility of enhanced sulphur emissions in 
coastal areas (see, for example, ref. 13). (OCS, while important 
in terms of concentration, is assumed to be less important in this 
context due to a smaller flux.) Consequently, the global averages 
need not be very representative for any particular location, Asa 
first step towards examining the factors controlling this vari- 
ability, the cycle can be evaluated over spatial scales compatible 
with the average residence time in the atmosphere of the 
important sulphur compounds, that is, a few hundred to a few 
thousand kilometres’. Studies of regional sulphur budgets have 
already been attempted for regions with very large industrial 
emissions '*'®, 


~ log Mariia wy 
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Fig. 1 Master variable diagram for the system H,O(), COs, SO,, 
NH, and SOj”. These input conditions represent a possible cloud 
in a remote, unpolluted area. Assumptions: T=5°C: L= 
0.5gm™ liquid cloud water, CO, =340 p.p.m.v., SO. = 100 
p.p.t.v.; (NH3+ NH3)=0.13 pgm? as NH3: (SO2°) soccer = 
1.0 pg m™, all dissolved in cloud. Charge balances: ©, pH 4.6 for 
whole system; @, pH 4.4 in absence of NH; (and NHI); 7, pH 6.2 
in absence of SOf”; A, pH 5.5 in absence of both NH 3 and SOLT; 
A, pH 5.6 in absence of NH, SOF” and SO. [X] denotes aqueous 
concentration (M), SO2(g) and NH,(g) represent the gas phase 
{~--~}. Equations and equilibrium constants have been taken 
from refs 17, 35. 
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Table 1 Potential acidity (pH) of atmospheric liquid water: effects of 
dissolved aerosol SO” and liquid water content of cloud 
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so? Ligm™) 

(ugm?) 0.1 0.5 25 
0.04 Ši 5.4 5.5 
0.2 4.4 oe | 5.4 
1.0 3.7 4.4 5.1 





Concentrations of CO, and SQ) are assumed to be constant and equal 
to 340 p.p.m.v. and 100 p.p.t.v. respectively. Total NH, = 0. 


We conclude that substantial variations around the global 
average value of the potential acidity attributable to naturally 
circulating sulphur should be expected. The absolute magnitude 
of such variations is hard to estimate without a better under- 
standing of the characteristics of the regional sulphur cycles, but 
variation by a factor of five either way seems possible. The 
corresponding pH values would then lie in the range 4.5-5.6. If 
the natural part of the atmospheric sulphur cycle is not spatially 
uniform by even a factor cf two, then the pH of rainwater 
unaffected by human activity could be <5.0 in some regions. 
(Note that the concentration of hydrogen ion in rainwater will be 
influenced by other compounds as well; for example, the 
NH;/NH, cycle may be as variable as the sulphur cycle, and 
probably not in phase with it.) 

Another approach to estimating the composition of rainwater 
is to utilize existing data on aerosol composition and liquid water 
content of clouds. Although the degree to which the composi- 
tion thus calculated may reflect that of rain itself is not known 
precisely, the composition of rainwater, cloud water and the 
aerosol and trace gases that went into the cloud must be related. 

Equilibria exist in clouds among several trace gases, their 
respective dissolved species and liquid water, and there are 
further inputs of aerosols containing sulphates, soil-derived dust 
and sea salt to cloud droplets. The sulphate aerosols are of 
particular interest because they often occur as H,SO, partly 
neutralized by NH; (ref. 17). An approximate empirical formula 
of NH,HSO, exists in remote, maritime submicrometre 
aerosols'* and, as such particles can be incorporated into cloud 
droplets, sulphate aerosols are potentially important sources of 
strong acid in rain. If we neglect the soil dust and sea salt, given 
the 3 Henry’s law expressions for NH;, SO, and CO,, 6 equili- 
bria for dissociation of these and water, 3 mass conservation 
equations for NH; and NHj, SUV) and carbonate species and 
one equation of charge balance, a system of 13 equations can be 
solved for the equilibrium conditions'’. Figure 1 is a Sillén or 
master variable diagram’” for the system NH, SO,, CO., H,SO, 
and H O(l) in a pristine cloud, in which the concentration of 
each dissolved species and the partial pressure of the trace gases 
are given as functions of pH. When the 9 equilibrium statements 
are combined with the conservation equations, 12 separate 
curves result, portraying the concentration of each of the spe- 
cies. In addition, [SO;"] is given as pH independent at pH > 3, 
while CO(g) is omitted and the sum of [HSO;]+[HCO3] is 
included. The charge balance then is given at the pH where the 
sums of positive and of negative charges are equal (Z[+]= 
~[ ~ ]). For this set of conditions (see Fig. 1 legend), at pH=4.6 
there is charge neutrality (open circle in Fig. 1) and sulphate is 
the dominant anion, [NHj] is slightly <[H*], [HCO;]= 
[HSO;]= 10°" and « [SO7"], Also, the partial pressure scale is 
set so that the curves for SO (g) and NH;(g) have the same 
limiting ordinate value as [SO3"] and [NH] respectively. Thus 
the mass continuity expressions for these two can also be 
followed graphically as functions of pH, showing that if pH < 
5.5, most S(Iv) is SO2(g) while NH is the dominant ammonia 
species. 

This plot can also be used to show what equilibrium pH would 
occur in the absence of various components, Only in the absence 
of NH;, SO, and SO% does pH equal 5.6; higher values occur 
with the absence of SO” alone, while pH decreases if NH, is 
removed. Increasing CO, slightly decreases the pH in those 
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cases where SO; is low. (Doubling CO, causes at most a 
decrease in pH of 0.15.) Decreasing SOZ or increasing NH4 by 
even small amounts increases the pH significantly. Complete 
oxidation of all the SO, in the cloud would raise [SO7"] to 
2.8 x 10-5 M and decrease the equilibrium pH to 4.4, with all 
other variables constant. Thus, although these input conditions 
were selected as possible in a remote, unpolluted area, they are 
clearly variables to which pH is very sensitive. 

To study further the relationship between the chemical 
compositions of aerosols, cloud water and rainwater and to 
estimate the effect of their variability on pH, consider the 
simplest case of in-cloud scavenging of a pre-existing sulphate 
aerosol with no in-cloud SO, oxidation. The cloud water 
composition is then given by” 


E€ (S O 4) aerosol 


OF oud — 
[S 4 Ja d 96L 


(1) 


where [SO}] cloud is the molar sulphate concentration in cloud 
water, 96 is the molecular mass of S037, (SO4) aerosoi is the mass 
concentration of sulphate aerosol in air (g m`”), £ is the 
scavenging efficiency for sulphate aerosol particles in the cloud 
and L is the liquid water content (1 m™*) of the cloud. For soluble 
particles of 0.1-1.0 um radius, € is expected to be*’ 0.5-1.0. 

Allowing for dilution (D) and evaporation (E) of the cloud 
and rainwater, the sulphate concentration in rainwater 
becomes: 


DE 
OF rain — re aeroso Ss 
[S03] (S07 ) YEL (2) 


Data from the OECD study on long-range transport of air 
pollutants?! indicate a value of eDE/L in the range (0.6-1.6) x 
10? m? kg‘. If e, D and E were unity, this would correspond toa 
liquid water content of ~1 gm”, a value which is reasonable 
compared with observations of the liquid water content of 
precipitating clouds” and consistent with other published values 
of washout ratios”? +. 

Table 1 lists values of expected pH of rain as a function of 
(SOZ herso and L for eXDxE=1. The effects on pH of 
compounds other than CO, and a background concentration of 
SO, of 100 p.p.t.v. (parts per 10’ by vol.)” are disregarded. For 
simplicity, SO, is assumed not to react. The L values used 
embrace most measured values of the liquid water content of 
clouds**. Generally, the lower values may be more represen- 
tative of fogs and stratiform clouds”® and the higher values of 
convective clouds, especially the rain-producing ones. Data 
from remote locations on the concentration of aerosol sulphate 
(excluding the contribution from sea spray) are sparse but values 
vary from ~0.05 pg SOF m” in remote parts of South 
America?” to of the order of 1 pg SO{7 m™ in the marine 
boundary layer”*?°. The range of sulphate values used in the 
Table evidently covers most of the observed data. Although it 
might have been logical to vary SO, with the concentrations of 
sulphate, dissolved SO, itself only slightly affects pH (see Fig. 1), 
and we did not want to complicate the picture with further 
variations. Clearly a raining cloud low in both basic materials 
and L might be quite acidic. It is not possible te construct a 
frequency-of-occurrence histogram from these computations, 

the above discussion indicates that pH values well below 5 
miphnt occur in pristine areas. 

Considerable spatial and temporal variations in the acidity 
should be expected with lowest pH values occurring in situations 
with high concentrations of non-sea spray sulphate in aerosols, 
low concentrations of basic constituents (such as ammonia gas, 
CaCO.) and low liquid water content in the clouds. As the 
sources of these basic constituents are mainly in continental 
areas whereas substantial emissions of sulphur compounds take 
place over the oceans, rain is likely to be more acidic in marine 
environments than over the continents. It is therefore not 
appropriate to use pH = 5.6 as a reference value against which 
human influences should be judged. We believe that, generally, 
pH alone is a poor indicator of departure from the natural 
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* 
composition of rain and cloud water, mainly because of its large 
natural variability and the difficulty of measuring it agcurately. 

To assess man-made acidification it is necessary to study in 
detail the cycles—particularly of sulphur and nitrogen—that 
influence the acidity of atmospheric water, in different regions of 
the world, and the degree to which the cycles have been affected. 
Long-term (decades) programmes for monitoring the chemical 
composition of air and precipitation should be supplemented by 
direct estimates of emission fluxes from different types of 
sources potentially affecting the monitoring sites. A large 
number of variables must be studied simultaneously to define 
clearly natural and perturbed conditions. 

Note that the present pH values in precipitation in the heavily 
industrialized regions are significantly affected by anthropo- 
genic emissions. In Northern Europe and eastern parts of North 
America‘), annual average pH values of 4.3 are commen. At 
a typical station in rural parts of southern Sweden (Forshult; lat. 
60.15N long. 13.78 E) 50% of the monthly precipitation 
samples during the period 1975 to 1980 had a pH value in the 
range 4.1~4.6, due primarily to H,SO, and secondarily to HNO; 
(ref. 32). Annual sulphur deposition as SO7 is typically 2- 
3 g m°, resulting in substantial ecological effects*'. Clearly the 
sulphur and nitrogen cycles in these regions are much 
perturbed’*?? and if all industrial emissions of SO, and NO, 
were stopped—emissions of NH; remaining the same—the pH 
would increase to >5. Note that low pH values reported for 
rainwater in remote locations**** need not be interpreted as due 
exclusively by natural processes. The possibility of long-range as 
well as local anthropogenic influences should be investigated. 
However, natural factors exist which can cause variable and 
significent decreases of pH from that expected from pure 
carbonic acid equilibrium. 

Contribution No. 448 from International Meteorological 
Institute, Stockholm, Sweden. 
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The recognition of Mesozoic magnetic anomalies M0--M12 
within the submarine Natal Valley (south-west Indian Ocean) 
provides a further constraint on the relative motion between 
South America (Falkland Plateau) and Africa during the early 
opening phase of West Gondwanaland (Fig. 1). Colinear with 
M12, magnetic anomaly G (ref. 1) is delineated north of the 
South Tugela Ridge’, an acoustic basement high which is 
suspected to have been emplaced within continental crust 
immediately north of the continental-oceanic crust boundary 
(COB) during the initial rifting phase. Starting from a revised 
West Gondwana reconstruction? and using palaeo-poles of 
rotation’, the Falkland Plateau can be rotated into the Natal 
Valley superposing the corresponding Georgia Basin and Natal 
Valley magnetic anomalies. This achieves an optimum 
continuity of inter-continental structural lineaments? by over- 
lapping of an anomaly intermediate to M10 and M11 
(~M10N‘). This suggests that the Natal Valley COB is located 
between anomalies M10 and M11, implying that in this zone of 
south-west Gondwana, seafloor spreading commenced at 
~125 Myr. 

Previous confirmation of the continental nature of the 
Falkland Plateau“, necessitates its inclusion in recent recon- 
structions of south-west Gondwana*’*, In these reconstructions 
it fits into the gap between south-east Africa and the Mozam- 
bique Ridge (Fig. 1). During the West Gondwana drift phase, 
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Fig.2 Natal Valley magnetic profiles geographically aligned and 
correlated with respect to the magnetic block model of Rabinowitz 
and LaBrecque'. The model was generated by using a half spread- 
ing rate of 1.5 cm yr`* for the Mesozoic reversal time scale of 
Larson and Hilde’. Profiles 402 (PR 2a), 371/8, 371/3, Agulhas 2, 
519 (PR 3), 515/518 (PR 4) and 527 (PR 5) trend south-west- 
north-east within the Natal Valley sub-paralle! to the Agulhas 
Fracture Zone. Notation in brackets refers to profile numbers used 
by du Plessis”. Profiles 25 and 26 (after ref. 1) from the Cape Basin 
and profile Shackleton (after ref. 11) from the Georgia Basin 
(immediately east of the Falkland Plateau) are included to show 
their general similarity to the Natal Valley traverses. Profile 
Shackleton is depicted as a mirror-image. Locations of profiles 25, 
26 and Shackleton are shown in Fig. 1 insets. 


the Falkland Plateau moved past Africa constrained by the 
orientation of the Agulhas/Falkland Fracture Zone®”. 
Recognition of magnetic anomalies on conjugate margins of the 
southern South Atlantic has helped to define the seafloor 
spreading history of South America and Africa’ north of the 
Agulhas/Falkland Fracture Zone. In contrast, to the south of 
this fracture zone, the Nata! Valley has been largely ignored as a 
prospective source of geophysical data for testing reconstruction 
of West Gondwana. The distant location (~40°) from the early 
pole of rotation’ suggests that seafloor spreading in the Natal 
Valley may have advanced at a fast rate and thus resultant 
magnetic anomalies should be widely spaced and easy to recog- 
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Fig. 1 Reconstruction of south-west Gondwana after Martin et 
al.* depicting the close contiguity of the Falkland Plateau and Natal 
Valley physiographic features, Dashed line, South African 
bathymetry’'” (1,000, 2,000 and 3,000 m). Solid line. South 
American/Falkland Plateau bathymetry * (1,830 and 2,740 mì; 
conversion factor 1 fathom =1.83m. Alternative position for 
north-east apex of the Falkland Plateay (2,740 m isobath) in 
reconstruction using Rabinowitz and LaBrecque' rotation 
parameters dotted. Physiographic zones: 1, Tugela Cone; 2, Natal 
Valley; 3, Mozambique Ridge: 4, Maurice Ewing Bank; 5, 
Falkland Plateau Basin; 6, Agulhas Bank (Outeniqua Basin); 7, 
Burdwood Bank; 8, Falkland Islands. A, The location of magnetic 
profile Shackleton'' (SH) in the Georgia Basin east of the Falkland 
Plateau apex, B, Locations of magnetic profiles 25 and 26 (ref. 1) 
from the Cape Basin, south-west of South Africa. 
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nize. Magnetic anomaly lineations present in the Natal V;1 
should be aligned approximately perpendicular to the Agusras 
Fracture Zone. | 
Four previously published magnetic traverses!” reassessed in 
conjunction with newly acquired data reveal a Mesozoic 
magnetic anomaly lineation pattern (Cape Sequence) within the 
southern Natal Valley (Fig. 2). Du Plessis"? recognized magnetic 
lineations normal to the coast but did not correlate these with 
any published Mesozoic anomaly models'*, The reinterpreted 
profiles (527, 515/518, 519, 371/3, 371/8, Agulhas 2 and 402) 
are geographically aligned and compared with the Mesozoic 
anomaly sequence of Rabinowitz and LaBrecque' in Fig. 2. 
Inter-profile correlation and correspondence to the synthetic 
model is good. The slight disparity of profile 527 with respect to 


Eee eee 


© 1982 Macmillan Journals Lid 


Nature Vol. 295 25 February 1982 


the synthetic is suspected to be due to navigational inaccuracy. 
The Natal Valley and Cape Basin magnetic signatures parallel to 
the spreading direction show similarities (Fig. 2), confirming 
correct anomaly sequence identification. 

We recognize anomalies M12 to MO with correlation being 
particularly good for M4 to MO (Fig. 2). Anomaly M4 is prom- 
inent in all profiles as a broad positive anomaly 250nT in 
amplitude while the M2—M0 composite anomaly is conspicuous 
as a positive triple peak some 200-500 nT in amplitude. Linea- 
tions defining M11, M9 and M7 are less distinct but still consi- 
dered valid (Fig. 2). However, identification of the Mesozoic 
Cape Sequence rests primarily on recognition of anomalies 
M4-Mo0. 

The observed profiles provide a reasonable fit to the model’ 
presented in Fig. 2 and thus 1.5 cm yr™* is proposed as an 
average Mesozoic half-spreading rate for the Natal Valley. In 
detail, however, the M4—M0 rate appears slightly slower than 
the 1.5cmyr~’ model (the anomalies are more compressed) 
while a slightly faster spreading rate (~1.7 cm yr *) may be 
appropriate to the M11-M4 sequence. These velocities are 
comparable with those calculated for crust immediately east of 
the Falkland Plateau in the Georgia Basin’’. 

An areal plot of the magnetic traverses (Fig. 3) show the 
anomalies to be in sub-parallel alignment with a strike trend 
normal to the Agulhas Fracture Zone (defined here by the Cape 
Slope Anomaly’’). Oceanic crust that was created directly east 
of the Falkland Plateau in the Georgia Basin should theoretic- 
ally generate mirror images of Natal Valley magnetic profiles 
although these may now be distorted by differing ambient field 
declination, inclination and skewness. A profile from the Geor- 
gia Basin’', plotted in reverse in Fig. 2, exhibits a degree of 
similarity to Natal Valley anomalies. 

Recently, Martin ef al proposed a revised fit of South 
America and South Central Africa (Fig. 1) primarily based on 





Fig. 3 Magnetic anomaly profiles plotted perpendicular to ship’s 
tracks. Lines 402, 515/518, 519, 527, 371/3 and 371/8 were run 
between 1971 and 1977 on the RV Thomas B. Davie. Track 
Agulhas 2 was run on the MV S$ A Agulhas in August 1978. 
Inter-profile correlation identifying the Mesozoic anomaly 
sequence M12 (G) to MO picked out by short dashed lines. 
Disparity of traverse 527 is suspected to be due to navigational 
inaccuracy. Note that the anomaly sequence trends normal to the 
Agulhas Fracture Zone (heavy dashed line adjacent to the coast). 
Enhanced portion of traverse 371/8 indicates location of the 
continuous seismic reflection profile depicted in Fig. 4. Dotted 
zone demarcates the seismically-defined extent of the South 
Tugela Ridge. Inset shows the study area in relation to southern 
Africa and Madagascar. 
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Fig. 4 Line tracing of continuous seismic reflection profile 

(371/8) showing the acoustic signature of the South Tugela Ridge. 

Profile location is shown in Fig. 3. Vertical scale is in seconds of 
two-way travel time. 


cross-continent alignment of three major pre-drift tectonic fea- 
tures: (1) the eastern and western boundaries of the submarine 
Jurassic Outeniqua Basin (Agulhas Bank) and the Falkland 
Plateau Basin; (2) the northern tectonic limit of the Triassic 
Cape Fold Belt (South Africa) and a closely contiguous major 
morphological feature on the Falkland Plateau; and (3) the late 
Precambrian transcurrent fault and mylonite belts of Pernam- 
buco (Brazil) and Foumban (West Africa). 

This revised reconstruction? (total pole of rotation 46.75° N, 
32.65° W; rotation angle 56.4°) is close to the refit of Rabinowitz 
and LaBrecque’ but does not so tightly juxtapose conjugate 
margins of the Natal Valley and Falkland Plateau (see Fig. 1). 
This looser reconstruction? therefore removes suspected 
continental basement overlap in the Natal Valley and Pre- 
cambrian basement overlap in the Gulf of Benin (West Africa)’. 

Seismic profiling surveys have delineated an approximately 
east-west oriented, deeply buried, basement ridge—the South 
Tugela Ridge (Fig. 4) underlying or immediately south of the 
steep Tugela Cone southern flank. The ridge location is depicted 
in Fig. 3. Significantly, in the revised reconstruction of Martin ef 
al, the South Tugela Ridge becomes juxtaposed to the 
continental—oceanic crust boundary (COB) of the Falkland 
Plateau as approximated by the 2,740 m isobath on seismic 
refraction results®°. Independent geological-geophysical evi- 
dence therefore suggests that the South Tugela Ridge may be 
situated just north of the Natal Valley COB and is probably a 
result of initial rift volcanics intercalating with splintered 
continental blocks. 

Within the Natal Valley, the oldest correlative magnetic 
anomaly is identified as M12 (Figs 2 and 3) and corresponds in 
character to anomaly G of Rabinowitz and LaBrecque’”’. 
Magnetic anomaly G, first mapped along the west coast of 
Africa, has been interpreted as a magnetic edge effect 
separating continental from oceanic basement. Reinforced by 
isostatic gravity modelling, Rabinowitz and LaBrecque use 
anomaly G to demarcate the COB. However, the west coast 
Africa magnetic lineation G, to which Rabinowitz and 
LaBrecque’ assign an M12 age, has previously been dated as 
M13 by Larson and Ladd” using the same raw data; thus dating 
of this anomaly is not unambiguous. 

The revised fit of Martin et al.* suggests that the south-west 
Africa COB may be sited ~40 km seaward of magnetic anomaly 
G, but still positioned within the landward gradient of the 
isostatic gravity anomaly. On the basis of reconstruction evi- 
dence?, the Natal Valley COB is suspected to be located south of 
the South Tugela Ridge implying that anomaly G is placed on 
continental crust. 

Utilizing the new palaeo-spreading pole of Martin et al.*, the 
rotation of South America towards Africa achieves precise 
juxtaposition of Mesozoic anomalies (M0, M2, M4 and M10) in 
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areas both south and north of the Agulhas/Falkland Fracture 
Zone. Thais, using only one set of rotation parameters, abutment 
of Cape and Argentine Basin anomalies’ is simultaneous to 
abutment of the equivalent Natal Valley and Georgia Basin 
anomalies''. Complete kinematic description of the early 
spreading history will be more fully considered elsewhere. 
However, back-rotation to MION (an anomaly intermediate to 
M10 and M11)* accomplishes optimum contiguity of the inter- 
continental structural lineaments previously described. We 
therefore postulate that opening of the South Atlantic com- 
menced at ~125 Myr (MION using the time scale of Larson and 
Hilde’). 

Accepting this looser reconstruction as compared to that of 
Rabinowitz and LaBrecque' (see Fig. 1), it is necessary to 
explain the existence of recognizable magnetic lineaments (M11 
and M12) landward of M10N (approximate COB) as demar- 
cated in Figs 2 and 3. A possible explanation may be that before 
final separation, crustal rifting allowed extensive intrusion of 
volcanic lavas which were magnetized in the Earth's ambient 
field. This mechanism, with possible interference from basement 
topography and non-magnetized slivers of continental crust, 
may explain the poorer M11 and M12 correlation with the 
modelled profile (Fig. 2) and severe anomaly distension on 
several profiles. Larson and Ladd” likewise attribute poor 
correlation between anomalies older than M7 along the south- 
west Africa continental margin to disruption of the lineation 
pattern by the initial rifting phenomenon. Basement topography 
certainly induces modulation of the ambient field in this zone 
with high amplitude positive anomalies plotting over the South 
Tugela Ridge (Fig. 3, profiles 371/8, 371/3 and 519). 

The collection of multichannel seismic data off the continental 
margin of south-west Africa'”''® has cast additional doubt on the 
‘anomaly G’ refit’ of South America and Africa. In particular, 
Uchupi and Austin’* locate their southwestern Africa COB at or 
closely seaward of the 3,000 m isobath. This placement is in 
general agreement with the reconstruction of Martin er al 
which likewise corroborates the new magnetic evidence presen- 
ted here. Although the south-west Africa COB of Gerrard and 
Smith'® is located even further seaward, constraints on data 
quality allow for some ambiguity in exact positioning (I. Ger- 
rard, personal communication, 1981). These new multichannel 
data also imply that extensive intracontinental stretching took 
place along the passive margin of south-west Africa’? during the 
early opening phase of the South Atlantic. However, the recon- 
struction of Martin ef al.” in combination with the magnetic data 
Outlined in this study suggests that post-breakup continental 
crust stretching may not have been active over the Falkland 
Plateau/Natal Valley zone. 
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‘Magnetic granulometry’ techniques have been developed’ to 
infer the domain state of magnetic minerals contained in rocks. 
Such techniques include study of the development of hysteresis 
of samples in fields of the order of 10 Oe (Rayleigh loops), study 
of hysteresis in high fields both at room temperature and at 
liquid nitrogen temperatures, and study of variation of magnetic 
susceptibility with temperature from —196 °C to 700 °C. These 
methods enable the magnetic properties to be quickly deter- 
mined and so give an idea of the bulk magnetic behaviour of the 
rock sample. Although the usefulness of such methods for 
palaeomagnetic studies is limited because the remanent 
magnetic behaviour can be quite distinct from the bulk magnetic 
behaviour’, in general, the granulometry method is a good 
supplement to regular experimental methods in palaeomag- 
netism. The study of several thousands of basalt samples by this 
method*’ has revealed insights into the magnetic behaviour of 
rocks. However, as part of the interpretive procedure of the 
method, the presence of low-field hysteresis loops has been 
considered a diagnostic feature of predominant superparamag- 
netic bulk behaviour of the rock sample. As we report here, we 
have observed, for the first time, low-field hysteresis loops 
associated with confirmed multi-domain magnetic grains, a 
possibility originally suggested on theoretical grounds by Néel". 

Although the interpretation of results from granulometric 
experiments is controversial’, there is agreement on the follow- 
ing basic points: 

(1) A sample with multi-domain pure magnetite as the 
magnetic mineral will generally show J,/Jnax ~ 0.2 with approx- 
imate doubling of coercivity as the temperature of the sample is 
changed from room temperature (25°C) to liquid nitrogen 
temperature (—196 °C), a phenomenon consistent with earlier 
work”'’. As the magnetocrystalline anisotropy is more 
dominant than the shape anisotropy for multi-domain magnetic 
grains, magnetic susceptibility for this class of samples will be a 
function of the magnetocrystalline anisotropy constants K, and 
K. Because K, and K, change sign at approximately —150°C 
(refs 11, 12), an isotropic point with resultant susceptibility peak 
occurs close to that temperature. Low-field hysteresis loops for 
this class of samples have not previously been observed, and Fig. 
la, d, g shows their characteristics. 

(2) A sample with single-domain magnetite as the magnetic 
mineral will have J,/Jmax = 0.5 at room temperature, increasing 
to 0.8 at -196 °C, with a corresponding increase in coercivity. 
For this class of samples, due to the dominance of shape 
anisotropy Over magnetocrystalline and/or stress anisotropy, 
the susceptibility peak at the isotropic point would be sup- 
pressed and a monotonic susceptibility decrease is usually 
observed as the temperature is lowered from 25°C to —196 °C. 
This class of samples does not exhibit Rayleigh loops. Typical 
results are shown in Fig. 1b, e, h. 

(3) In the class HI samples, which were interpreted as being 
due to the predominantly superparamagnetic bulk behaviour of 
the sample, Rayleigh loops would be observed'*"*, due to the 
interaction of clusters of superparamagnetic grains. The high- 
field hysteresis would show J,/J,,a, ~~ 0.2 at 25 °C, increasing to 
>0.80 at —196 °C, with a substantial increase in coercivity due 
to grains which are superparamagnetic at room temperature 
becoming effectively single-domain at —196°C because of the 
lowering of the thermal energy. The susceptib:lity-temperature 
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Fig. 1 Basis for interpretation of magnetic granulometry. a-c, Normalized susceptibility versus temperature; d-f, magnetic hysteresis in a held 

of 1,200 Oe at room temperature (upper trace) and at ~196 °C (bottom trace); g~i, Rayleigh loops in a field of 10 Oc. a, d, g are typical responses 

for class | behaviour (multi-domain) as obtained on G215C, a dolerite dyke sample from Newfoundland; b, e, A are typical responses for class H 

behaviour (single domain) as obtained on a basalt sample from a DSDP drill hole: c, f i are typical responses for class HI behaviour 
(superparamagnetic) as obtained on a basalt sample from a DSDP drill hole. 


curve would show a decrease in normalized susceptibility to 
~(}.2 at ~196°C and a location of the peak which differs in 
different samples, but which is nearly always at temperatures 
<300 °C, followed by a long tail. Figure 1c, f, í shows typical 
results exhibited by a member of this class of samples. Class IHI 
and class I] behaviours were previously designated type 1 and 
type Fa 

The most controversial aspect of this interpretation is the 
inference of superparamagnetic grains from the presence of 
Rayleigh loops and the typical susceptibility-temperature 
curves of the class HI type. The observed grain sizes in most 
rocks exhibiting this behaviour are of the order of hundreds of 
micrometres, and for the grains to behave like superparamag- 
netics, they must be effectively subdivided into SP sizes. The 
question arises of why the observed Rayleigh loops are not due 
to multi-domain grains. Néel® alluded to the possibility of 
multi-domain grains exhibiting hysteresis in low fields. The 
BH./A parameter (where B and A are the quadratic and linear 
coefficients of Rayleigh relation and H. is the bulk coercive 
force) for such loops will be of the order of 0.05, while the value 
for this quantity for the observed loops'*"” is of the order of 10. 
The reason cited by Néel for the smaller BH,/A for multi- 
dömains is that the demagnetizing factor is to be taken into 
account for multi-domains. In all the thousands of measure- 
ments conducted to date, all confined to basalt samples, a 
Rayleigh loop was never found associated with K-T curves and 
hysteresis loops of the class I type. Due to the observed asso- 
ciation of the susceptibility-temperature variation for the multi- 
domain samples, well established in theory and experiment, with 
the corresponding ‘absence’ of Rayleigh loops for such samples, 
the established granulometric interpretation was that Rayleigh 
loops exhibited by multi-domain samples cannot be seen. In 
particular, it was noted’* that on the present Rayleigh loop 
tracer, a multi-domain Rayleigh loop, with its low BH,/A value, 
would not be wider than the thickness of the oscilloscope trace 
itself. 
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Fig. 2 Magnetic granulometry results: a, ¢, e, for GR3S3C, a 
dolerite dyke sample from the Grenville Province of the Canadian 
Shield: bd, f, for N-69.1, an anorthosite sample from Nain, - 
Labrador: a, b, normalized susceptibility versus temperature, 6, d, 
magnetic hysteresis in a field of 1,200 Oc at 25 *C (upper trace) and 
at -196 °C (bottom trace); e, f, Rayleigh loops in a field of 10 Oc. 


We extended the granulometric studies to older intrusive 
rocks (dolerite dykes, anorthosites and gabbros). Samples stu- 
died include the Grenville dykes, Indian Head and Nain anor- 
thosites, and gabbros from Newfoundland. Earlier palaeomag- 
netic studies of these rock units revealed that their remanent 
magnetism is extremely stable (Koengsberger ratios ~10) and 
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that their remanence, particularly for the anorthosites, resided 
in elongated magnetite grains exsolved within the silicates. The 
present systematic studies include: (1) magnetic susceptibility 
variation from —196°C to 700°C; (2) hysteresis loops at 
—196°C and at room temperature in a field of 1,200 Oe (note 
that a 1,200-Oe field may not always result in saturation of the 
sample); (3) Rayleigh loops in a field of 10 Oe. 

Most samples are class I type; class I] and III types are 
virtually absent. This confirms the earlier conclusions’ that most 
‘old’ rocks are predominantly multi-domain in nature and that 
superparamagnetic behaviour is virtually absent in the ‘old’ 
rocks. However, many samples exhibited a new type of 
behaviour—a Rayleigh loop at low fields, associated with class I 
type hysteresis and K-T curves. Typical examples of results for 
this behaviour are shown in Fig. 2 for two samples, a dolerite 
dyke and an anorthosite. These samples do not fall into the three 
classes discussed earlier. Whereas the presence of Rayleigh 
loops suggests SP behaviour, the K-T curves and the high-field 
hysteresis strongly favour the multi-domain state. An explana- 
tion in terms of mixtures? does not hold here, as experiments 
lead to different inferences according to the previous inter- 
pretation (Fig. 1). Further, an SP component in a mixture should 
have modified the K-T curve from what is now a ‘pure’ multi- 
domain curve. Therefore, there is no doubt that the bulk 
magnetic properties of these samples, including their Rayleigh 
loops (Fig. 2c, f) are caused by magnetite in the multi-domain 
state. The value of the BH,/A parameter for these loops is 
similar to some of the lower values in previously observed loops 
inferred as being due to effectively superparamagnetic grains. 

It is possible that the observed Rayleigh loops reported here 
are due to a highly conducting nature of the samples (C. 
Radhakrishnamurty, personal communication) and the result- 
ing eddy currents. Although the conductivity of these samples is 
of the same order as that of other intrusive rocks of the type 
studied by us, we tested for this possibility by crushing some of 
the samples to fine (<50 um) sizes and remeasuring the Ray- 
leigh loops. The Rayleigh loops were still present, although in 
slightly diminished thicknesses. We conclude that the observed 
Rayleigh loops for our samples are real and are not due to eddy 
current effects. This leads to the following possibilities. (1) With 
the K-T curve being the main diagnostic feature of multi- 
domain nature of a magnetic grain (class I type), two types of 
multi-domain behaviour exist: those samples that do not exhibit 
a Rayleigh loop and those that do show a Rayleigh loop. (2) 
Rayleigh loops associated with class II] type K-T curves may be 
interpreted as due to magnetic grains being in a superparamag- 
netic state. (3) Exhibition of Rayleigh loops is a necessary 
condition for SP behaviour but is not a sufficient diagnostic 
feature. Further work is required to clarify these possibilities. 

We thank Dr C. Radhakrishnamurty for discussions and 
advice on various aspects of this observation, and Professor E. 
R. Deutsch for a critical review of the manuscript. This work was 
supported by a Natura! Sciences and Engineering Research 
Council of Canada operating grant to G.S.M. 
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Much debate has surrounded the interpretation of the well 
known ‘split brain’ syndrome, produced by section of the corpus 
callosum in man [for useful surveys of early studies of the effects 
of callosal damage (for example by Liepmann (1900), Goldstein 
(1908) and Bonhoeffer (1914)) see refs 1-3]. On the basis of 
the observation that left and right half-systems can find them- 
selves in conflict when disparate instructions are flashed to left 
and right visual hemifields, Sperry’ has described such patients 
as having “two free wills inside the same cranial vault”. 
MacKay’ ”, among others, has argued for a more parsimonious 
interpretation of the available evidence, suggesting that it 
demonstrates duality only at the ‘executive’ level where con- 
tinuous goal-pursuit is administered, rather than at the ‘norma- 
tive’ supervisory level where the agent’s priorities and criteria 
of evaluation are themselves subject to evaluation and revision. 
We report here some experiments in which a split-brain patient 
showed considerable capacity for explicit interhemispheric 
exchange of information and instructions, yet gave no sign of 
the duality of supervisory initiative that might have been expec- 
ted on the hypothesis of ‘two free wills’. 

Gazzaniga and co-workers“? have shown both in monkey 
and man that each hemisphere can apply disparate criteria of 
evaluation to the same stimulus, as well as expressing disparate 
preferences in the same situation. This indicates convincingly 
that both evaluative and organizing systems are split at the 
executive level, but it falls short of proof that the brain in such 
patients embodies two independent systems for evaluating 
priorities themselves—the characteristic human activity with 
which the term ‘will’ is associated. 

One relevant question is whether, and if so to what extent, one 
‘half-system’ in these cases can be induced to demonstrate any 
recognition of the other half-system as ‘another person’, 
Through the generous cooperation of R. W. Sperry and M. S. 
Gazzaniga, we have recently contrived a number of laboratory 
situations designed to give systematic opportunities for such 
‘interpersonal’ types of interaction. Some of these have been 
described elsewhere’. In the case described here our strategy 
was to train each ‘half’ in turn to engage in interpersonal 
exchanges with an experimenter in a simple competitive guess- 
ing game, and then to encourage each to use its acquired 
symbolic skills to engage the other ‘half’ in the same manner. 
The question was whether we would see any signs of simul- 
taneous conscious evaluation of priorities from disparate 
standpoints, such as would be shown by two conscious human 
agents in a bargaining situation. 

The patient (J.W.) was a right-handed 27 yr-old man who had 
had his corpus callosum, but not his anterior commissure, 
sectioned in 1977 to help prevent the spread of epileptic seizures 
from one hemisphere to the other'’. Apart from side effects 
of anticonvulsant medication he was in good health, and 
cooperated with enthusiasm in the experiment. Preliminary tests 
confirmed observations by Sidtis et al?” that he was unable to 
report vocally any visual stimuli flashed to the left of his fixation 
point, although his left hand could correctly point to or retrieve 
objects represented by these stimuli. A single numeral randomly 
selected from the range 0 to 9 was flashed for 150 ms at an 
eccentricity of 4° to the left of the fixation point, simultaneously 
with a distractor (one or more letters of the alphabet) flashed at a 
similar eccentricity to the right. J.W. reported vocally that he 
saw only the distractor. Both vocal and right-manual responses 
were normal for stimuli flashed to the right half-fleld. 
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Each half-system in turn was then trained to participate (on 
opposite sides) in a guessing game of the ‘20 questions’ type in 
dialogue with one experimenter (E). 

(1) E first assumed the role of ‘guesser’, attempting to name a 
‘mystery number’ written by the second experimenter on a piece 
of paper in free view of J.W. E invited J.W. to use his left hand to 
point to appropriate answers on a card also in free view, bearing 
the words ‘go up’, ‘go down’, ‘OK’. The left hand proved im- 
mediately capable of providing reliable feedback in this mode. 

(2) E then invited J.W. to “guess a number between 0 and 9 
which I have been shown”. In response to each guess by J.W., E 
pointed mutely to one of the three messages on the card. J.W. 
quickly learned to adapt his vocal guesses so as to home in on the 
correct answer under this mute feedback from E. 

(3) Finally, single digits between O and 9 were flashed as 
before to J.W.’s left half-field, with distractors to the right; and E 
proposed that J.W. should fulfil both roles, using his mouth to 
make guesses and his left hand to offer feedback by way of the 
card. J.W. found no apparent difficulty in fulfilling this dual role, 
although it was notable that all his guesses were addressed to E, 
who invariably had to ask the left hand to answer. He proved 
well able to ‘talk himself down’ on to the correct target each 
time, frequently showing satisfaction by a smile when the target 
was finally named. A useful check that he was not just play- 
acting (which seemed in any case improbable) was provided by 
an episode when his mouth guessed ‘1’ and his left hand pointed 
to ‘go down’. J.W. complained vocally that there were “no more 
numbers down there”, and had to be reminded of the possibility 
of ‘0’ (which was the correct answer). 

These results make clear that symbolic information-exchange 
by question and answer can be sustained between left and right 
half-systems of a split-brain patient. Various forms of cross- 
cueing have, of course, been known and studied in such patients 
for many years'*. Sidtis et al.” have also shown that a ‘20 
_ questions’ guessing procedure on the part of an experimenter 
could help a patient with a partially sectioned corpus callosum to 
‘home in on’ the name of a stimulus flashed to the left half-field; 
but it was by no means obvious that J.W.’s two half-systems 
could use a public symbolic system of this kind to engage in 
systematic dialogue with one another. 

However, we are still left with the vexed question of whether 
the two half-systems here embodied ‘two free wills’ in the sense 
in which, say, two normal human players on opposite sides of a 
guessing game have independence of will. An ideal demon- 
stration of such ‘duality of will’ would be the capacity to bargain: 
that is, to struggle to induce changes in one another’s evaluative 
criteria or priorities as distinct from merely struggling physically 
in pursuit of conflicting goals*”. 

Accordingly, E next proposed to J.W. that “the left hand (LH) 
should be paid by the right hand (RH) for each item of informa- 
tion”. RH was provided with an open box containing a limited 
supply of tokens, and instructed to pay one token into a similar 
box on the left for each correct answer by LH. RH was rewarded 
(with additional tokens) in inverse proportion to the number of 
guesses required to identify each flashed numeral. Any 
occasional mistakes made by LH were penalized by repaying 
three tokens per mistake to RH. 

As elaboration of the game in this way proved congenial to 
J.W., we next introduced the possibility of evaluative conflict by 
proposing to “ask the left hand whether it would like to be paid 
more for each answer’’. LH was asked to reply by pointing to a 
card representing one, two and three tokens; and it immediately 
indicated ‘three tokens’. As this soon had the (foreseeable) 
effect of rendering RH bankrupt and halting the game, E then 
said “Let's ask the left hand whether it would settle for less”. LH 
immediately pointed to ‘two tokens’; but at the same time, and 
apparently as an integral part of the action, J.W.’s mouth said 
“Sure, make it two tokens”. This was typical of the impression 
conveyed throughout this second phase of the experiment—that 
although J.W.'’s LH and RH were substantially separate at the 
cognitive level, their priorities gave no evidence of being under 
the supervision of two independent normative systems’. 
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It is, of course, impossible to draw firm conclusions from such 
negative evidence. One can always explain absence of fonflict by 
postulating suppressive (internal) influences from one half- 
system on normative processes in the other that would otherwise 
be independent; alternatively, it could be argued that the two 
half-systems perceived the rewards as jointly shared, and thus 
had no incentive to quarrel (M. S. Gazzaniga, personal com- 
munication). Our evidence is consistent, however, with the null 
hypothesis that at the higher levels of supervisory evaluation 
J.W. has not two half-systems but one undivided system, 
presumably associated with deep neural structures not surgically 
separated. This null hypothesis is strengthened by the well 
known fact’ that emotive stimuli to the mute hemisphere can 
elicit signs of corresponding emotion in the speaking subject. At 
least, the onus of proof seems now to rest on anyone who would 
claim that patients like J.W. have, nevertheless, ‘two free wills’. 
Perhaps his own spontaneous comment, offered more than once, 
is illuminating: “Are you guys trying to make two people out of 
me?” 

These experiments were possible only through the generous 
cooperation of Dr M. S. Gazzaniga and his colleagues, parti- 
cularly Drs Jeffrey Holtzman, John Sidtis and Bruce Volpe, in 
the Division of Cognitive Neuroscience at Cornell University 
Medical College in New York City. We also thank J.W. for his 
willing participation. Financial support was received from a 
Sloan Foundation Grant to Dr Gazzaniga, from the University 
of Keele to D.M.M. and from the Wellcome Trust to V.M. 
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The somatosensory system is characterized at each stage of the 
projection pathways by the presence of maps formed by an 
orderly arrangement of cells and of the incoming fibres. Each 
cell responds to a definite area of skin, its receptive field (RF). If 
cell locations and their RFs are plotted side by side, they make 
up a continuous map of the body surface. Given the stability and 
repeatability of these maps, it was of interest to find that lesions 
which destroyed the input to one part of the map of the spinal 
cord in adults were followed by a readjustment of the RFs of 
cells which had lost their normal input’. It was more surprising to 
discover in adult cats and rats that peripheral nerve lesions 
which do not produce an anatomical destruction of spinal cord 
afferents were followed by the appearance of novel RFs in cells 
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deprived of their normal physiological input”. Capsaicin given 
to neonatal mice or rats destroys unmyelinated afferents. We 
report here that this is followed by an expansion of the normal 
receptive fields supplied by myelinated afferents™*, Our results 
suggest that unmyelinated fibres may be involved in controlling 
the connectivity of myelinated afferents with first central cells. 

Experiments in rats show that the foot and toe representation 
is present in the medial two-thirds of the dorsal horn of segments 
L4 and L5 of the spinal cord. If this region is searched to a depth 
of 1mm with fluid-filled microelectrodes in intact adult rats 
anaesthetized with Nembutal, an average of five cells respond- 
ing to the foot or toes are isolated in each track. As the RFs 
remain stable over many hours of recording and since the maps 
are accurately repeated from animal to animal, it is reasonable 
to expect that abolition of a particular input would silence the 
cells which are normally dominated by that input. We therefore 
searched the same region with a total of 51 tracks in 13 animals 
in which the sciatic and saphenous nerves that supply the foot 
had been cut on the day of the experiment, and found only 0.1 
responding cells per track; these few RFs were on the leg. The 
same virtual absence of responding cells was observed in six 
animals 2 and 3 days” after the nerves had been cut. However, in 
13 animals with a total of 69 tracks surviving 4-8 days after 
nerve section, the value rose to 3.2 cells per track. All these RFs 
were on the upper leg and pelvis and were supplied by intact 
nerves”. Similar results have been seen in the cat following 
peripheral nerve section’. These new RFs in the foot region 
could not have been supplied by sprouts growing from the nerve 
sectioned 4-8 days earlier because resectioning of the nerve on 
the day of the experiment produced no change in the recordings. 

Lesions of nerves in the hind legs, unlike root lesions, produce 
no frank degeneration of central afferent terminals in the spinal 
cord for at least 2 weeks after the lesion*”, but they do interrupt 
impulse and chemical transport from the periphery to the spinal 
cord. We suspected that the component of the peripheral nerve 
responsible for signalling to the spinal cord that the peripheral 
nerve was cut might be the unmyelinated C fibres, as anatomical 
and chemical changes have been reported in their spinal cord 
terminals and not in the terminals of myelinated afferents 
following peripheral nerve section*~. 

Capsaicin, the hot compound in paprika, produces rapid, 
substantial and permanent destruction of C fibre sensory 
afferents in dorsal roots and in the trigeminal nerve if injected 
into neonates’'°. This effect seems to be remarkably specific. 
Ultrastructural studies of cord and trigeminal nuclei show only 
degeneration of the terminals of fine afferents on laminae I and 
If"'*, Immunochemistry reveals depletion of substance P only 
in dorsal horn, trigeminal nuclei, nerves and roots, with no 
depletion in ventral horn or elsewhere in the brain'?""*, The drug 
has no effect on enzymes and peptides intrinsic to the dorsal 
horn: neurotensin, glutamic acid decarboxylase and cate- 
cholamine amine transferase'*'*. Unlike capsaicin given 
systemically to adults, there is no evidence that neonatal 
capsaicin produces hypothalamic damage'*. In our hands the 
peripheral lesion seems to be limited to the unmyelinated 
afferents”, but others have reported a small and variable loss of 
some myelinated fibres with high doses®"’, 

Litters of Sabra and Wistar rats under ether anaesthesia were 
injected with capsaicin (50 mg per kg intraperitoneally) dis- 
solved in 10% Tween 80, 10% ethanol in saline on the second 
and fourth day of life. Littermates were injected with the 
vehicle. The animals were returned to their mothers and allowed 
to grow to adults weighing over 200 g. They were apparently 
healthy, with normal sleeping, eating and grooming behaviour 
and no deficit in motor activity. 

The effectiveness of the drug was tested in three ways. First, 
the peripheral C compound action potential was measured by 
stimulating the dorsal root (5 mA, 500 us) and recording from 
the sural nerve at the beginning of each experiment, A C wave 
was never recorded in capsaicin-treated animals from dorsal 
root stimulation (n = 4) whereas in vehicle-treated animals and 
untreated controls a clear C compound action potential was 
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Fig. 1 Above: In the normal rat, the nerves from the foot and 
toes project to the media! part of the lumbar dorsal horn. The 
proximal parts of the leg project to the lateral cells in the dorsal 
horn. If the nerves to the foot are cut in normal animals, most of the 
medial cells fail to respond to peripheral stimulation for a period of 
0-3 days after the cut. During the period 4-8 days after nerve 
section, many medial cells begin to respond to stimulation of 
proximal leg. In animals treated neonatally with capsaicin, medial 
cells respond to the upper leg immediately after peripheral nerves 
to the foot have been cut. Below: In the normal mouse, each 
individual large whisker projects by way of the trigeminal nerve, 
the trigeminal sensory nuclei and the thalamus to the cortex. In the 
parietal cortex there are barrels of cells in which each cell responds 
to the movement of one whisker only. Almost all responding cells 
in an individual barrel respond to the same single whisker. In mice 
treated with capsaicin soon after birth, the barrels and whiskers are 
present in their normal arrangement but no cell was encountered 
which responded to only one whisker. All recorded cells responded 
to 2-7 whiskers (average 3.8). 


evoked. Second, the spinal cords were removed from four 
animals and stained for immunoreactive substance P. Substance 
P is normally highly concentrated in the region of small fibre 
terminals in the dorsal korn?” and in all the tested cords it was 
substantially depleted. Finally, cords from three rats were 
stained for fluoride-resistant acid phosphatase’, Again, there 
was substantial depletion of the enzyme from the dorsal horn 
terminals. Four vehicle control littermates were also tested by 
these three methods and the measurements were normal. It 
therefore appeared that the rats treated neonatally with capsai- 
cin had lost a substantial number of their peripheral C fibres. 

The spinal cord maps of 10 neonatally capsaicin-treated rats, 
6 vehicle-treated and 4 untreated control animals were then 
examined. Low-thoracic spinalized preparations were used to 
increase the excitability of the cord and therefore reveal any 
aberrant cells in control animals. The rats were either anaes- 
thetized with Nembutal or decerebrated under short-acting 
Althesin anaesthesia. The saphenous and sciatic nerves were cut. 
acutely at knee level on the day of the experiment and the medial 
dorsal horn of segments L4 and L5 searched with electrode 
tracks for cells that responded to skin stimulation on the upper 
leg above the knee. 

In normal and vehicle controls under Nembutal anaesthesia, 
0.9 cells were found per track (n = 43). Decerebrate controls 
showed 1.8 responding cells per track (n = 31). This region was 
therefore clearly largely silenced by acute denervation of the 
lower limb, the actual number of responding cells being some- 
what dependent on the excitability of the cord in different 
preparations. In  capsaicin-treated animals with acute 
deafferentation of the foot, 2.6 cells per track (n = 64) were 
found in six Nembutal-low spinal animals. In the decerebrate 
preparations, the four treated animals had 6.7 cells per track 
(n = 15). The number of aberrant RFs in the foot area was 
Significantly greater in the capsaicin-treated animals than in 
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controls (P<0.001, t-test). The receptive fields were on the 
upper leg and in some cases (1.2 cells per track) extended to the 
tail and over to the contralateral limb. The responses were 
induced by firm pressure or pinch and often also by light touch. 
Thus, the capsaicin-treated animals have the same type of 
distorted somatotopic cord map after acute peripheral nerve 
section as occurs in normal rats after chronic nerve section. 

The somatotopic map of spinal cord is not as detailed as that in 
the somatosensory cortex. A particularly precise and extensively 
investigated projection is that of the whisker follicles mapped on 
the parietal cortex of the mouse, in which an anatomical cor- 
relation is established between individual whiskers and discrete 
cytoarchitectonic units in the parietal neocortex, the barrels’. 
Furthermore, Van der Loos and Woolsey’? showed that limited 
neonatal lesions of particular whiskers resulted in failure of 
development of the corresponding barrels. It was later shown 
that the occasional appearance of an extra whisker is associated 
with an extra barrel in the topologically equivalent cortical 
locus’. Following previous studies on cortical physiology of 
whisker responses’””*, Nussbaumer (manuscript in preparation) 
has examined the details of the physiological aspect of this tight 
anatomical mapping in mice and has found an extraordinary 
specificity of both anatomical and physiological correlation 
between the periphery and its cortical representation. In penth- 
rane/nitrous oxide-anaesthetized mice, 117/121 tracks through 
layer IV of these cortical barrels revealed cells responding to 
only one whisker. In the remaining four tracks, the cells 
responded to two neighbouring whiskers. In view of this finding, 
it was obvious that we should test the effect of neonatal capsai- 
cin. Two litters of mice (CBA/CA and ICR) were treated on the 
second and fifth day of life with 50 mg capsaicin per kg in the 
same manner as the rats. Littermates were treated with the 
vehicle alone. The animals were returned to their mothers, 
allowed to grow to adulthood and examined after more than 4 
months. 

In two vehicle-treated controls the cortex showed the same 
results as in normal mice in that five marked penetrations into 
layer IV of the barrelfield revealed cells responding to only one 
whisker. In the capsaicin-treated mice of both strains, the 
cortical anatomy as observed in Nissl preparations showed 
normal barrelfields. The size and distribution of whiskers were 
also normal. However, on penetrating the cortex, the recordings 
were strikingly abnormal. In two CBA and three ICR mice 
examined with a total of 18 penetrations, each penetration 
yielded one or more responding cells. No recording sites showed 
cells responding to only one whisker. The number of whiskers 
that could excite a cell varied from 2 to 7 (average 3.8). 
Invariably the whisker producing the most intense excitation 
was that which would normally have monopolized the barrel 
within which the recording was being made. 

These experiments show that the RFs of some cells in rat 
spinal cord and in mouse cortex are greatly expanded in adults 
treated neonatally with capsaicin (Fig. 1). In spinal cord, it has 
been shown by electrical stimulation of the skin that many of the 
cells with expanded RFs are excited monosynaptically by mye- 
linated afferents”. The abnormal RFs of these cord celis may 
therefore be produced by abnormal coupling of myelinated 
afferents to central cells. For the mouse cortex cells with expan- 
ded RFs, a similar explanation would apply if trigeminal mye- 
linated afferents establish abnormal contacts with cells in the 
trigeminal sensory nuclei. 

These results suggest a testable hypothesis that the normal 
receptive fields of cord and medulla cells excited by myelinated 
sensory afferents require the presence of unmyelinated 
afferents. We propose that the effect of neonatal capsaicin is 
limited to its destruction of afferent fibres in the periphery. This 
is supported by the absence of signs of direct central destruc- 
tion’!216 and by results to be reported elsewhere” that local 
application of capsaicin to a single nerve in the adult also results 
in abnormal expanded receptive fields limited to cells supplied 
by the treated nerve. Although it is possible that the toxin has 
produced some subtle undetected change in the myelinated 


afferents, in the case of single nerve lesions it is evident that the 
novel receptive fields are supplied by myelinated afferefits which 
were not touched by the lesion. We therefore propose that 
unmyelinated afferents have a role in the establishment of 
ordered connections between myelinated afferents and the first 
central cells. 
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Neural cell adhesion molecule is on 
embryonic muscle cells and mediates 
adhesion to nerve cells in vitro 
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The interaction of nerves with muscles, particularly at 
neuromuscular junctions, is one of the most extensively studied 
areas of neurophysiology. From the point of view of develop- 
mental biology, however, little is known about the cellular and 
molecular events that lead to formation of these junctions’. In 
previous investigations of cell-cell adhesion in the chick 
embryo, we identified a molecule on the surface of essentially all 
nerve cells, called neural cell adhesion molecule (N-CAM)*", 
that appears to be a ligand in the formation of cell-cell bonds”. 
N-CAM is involved in a variety of developmental processes 
including neurite fasciculation and the formation of plexiform 
and cell layers in retinal tissue’ *. We report here that N-CAM 
antigenic determinants are also present on chick embryo 
skeletal muscle cells. This observation raised the possibility that 
N-CAM is involved in adhesion between nerve and muscle cells. 
In model systems set up to explore this possibility, we observed 
that myoblasts will adhere in vitro to nerve cells from retina, and 
that this adhesion can be inhibited by F(ab’) fragments of 
antibodies against N-CAM. In addition, membrane vesicles 
obtained from chick embryo brain or artificial vesicles” recon- 
stituted from lipid and affinity-purified N-CAM? bound to the 
surface of myoblasts and myotubes; this binding was also 
blocked by anti-N-CAM F(ab’). These results suggest that the 
N-CAM adhesion system can facilitate nerve—muscle as well as 
nerve-nerve interactions in vitro. 

Immunocytological studies carried out to determine the dis- 
tribution of N-CAM in chick embryos revealed that the mole- 
cule is associated with nerve tissues; however, light staining was 
also observed in muscle®. As shown in Fig. 1, rabbit anti-N- 
CAM antibodies that had been affinity-purified on N-CAM- 
Sepharose*, bound to the surface membrane of cultured skeletal 
myoblasts and myotubes but not to fibroblasts in the same 
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Fig. 1 Immunofluorescence staining of skeletal muscle cells with 
antibodies to N-CAM, a, Phase-contrast micrography of myoblasts 
and early myotubes ( x 264), and b, fluorescence micrograph of the 
same field. c, Fluorescence micrograph of a myotube. x880. A 
fibroblastic cell which is not stained is indicated with an arrow 
Muscle cells were obtained from 11-12-day White Leghorn chick 
embryo legs by trypsinization (0.1%, 30 min, 37°C) and tri- 
turation, and partially separated from fibroblasts by differential 
adhesion to culture dishes; the nonadherent cells were cultured on 
collagen-coated substrates for 2 days in Eagle’s modified essential 
medium containing 10% horse serum and 5% chick embryo 
extract. For staining, the cultures were treated sequentially with 
3.7% formaldehyde, 0.1M glycine, 4% goat serum, affinity- 
purified rabbit anti-N-CAM IgG and fluorescein-labelled goat 
anti-rabbit IgG (Miles-Yeda). All reagents were prepared in 
phosphate-buffered saline; each antibody treatment was followed 
by four washes with buffer, 


cultures. The staining of the muscle cells, which had been pre- 
fixed with formaldehyde, was mostly diffuse and lower in inten- 
sity than that seen previously on neurones’. Immunoglobulin 
from unimmunized rabbits did not give detectable staining. 
The presence of N-CAM antigenic determinants on muscle 
cells suggested that at some stage of their development they 


Fig. 2 Co-aggregation 
of retinal nerve cells 
with fluorescein-labelled 
myoblasts. a, Phase- 
contrast micrograph, and 
b, fluorescence micro- 
graph of the same field, 
x840. Cells (2.5x 10° of 
each type) were incubated 
in l ml Eagle's minimal 
essential medium with 
spinner salts (SME 
medium) for 20 min at 
37°C with rotary shaking 
at 70 r.p.m. Myoblasts 
were prepared as 
described in Fig. 1 legend, 
cultured in suspension for 
4h and further frac- 
tionated by density 
gradient centrifugation in 
Ficoll to yield a cell popu- 
lation consisting of about 
two-thirds myoblasts, the 
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might adhere to nerve cells through this molecule. This possi- 
bility was examined by studies of the adhesion of skeletal muscle 
myoblasts in suspension to monolayers” of retinal nerve cells, of 
the co-aggregation of these cells in rotation-suspension cultures 
and of the binding of membrane vesicles containing N-CAM to 
myoblasts in suspension and to myotube monolayers. Although 
these assays represent highly simplified model systems for the 
analysis of cell-cell interactions in developing tissues, they have 
been useful in revealing and quantifying specific adhesion 
events, in particular for studying their molecular basis *'”’''. The 
use of retina and brain for these studies reflects the requirement 
for substantial numbers of cells in the binding assays. Although 
retinal cells can establish a weak and transient synaptic connec- 
tivity with muscle jn vitro'*, this system is of limited use in 
evaluating nerve—muscle interactions in vivo. Nevertheless, 
spinal cord cells are known to express N-CAM”, and the results 
obtained here will provide the necessary background to inter- 
pret more complex studies, such as the effects of anti-N-CAM 
antibody on cultures of muscle cells with spinal cord explants. 

Adhesion between nerve cells has been measured previously 
using a cell suspension-cell monolayer binding assay”. In the 
present studies, myoblasts in suspension also bound to a retinal 
nerve cell monolayer, the level of binding during a 20-min 
incubation being about one-half that observed between nerve 
cells (Table 1). This binding was inhibited by anti-N-CAM 
F(ab’) and did not require the presence of Ca**; by these criteria 
it is distinguishable from the calcium-dependent mechanism of 
nerve cell adhesion’. Fibroblasts, which lack N-CAM°, did not 
bind in significant numbers to the retinal nerve cell monolayer. 

Further evidence for nerve—muscle adhesion was obtained by 
incubating retinal and muscle cells together in suspension at 70 
r.p.m. and 37 °C for 20 min; in these conditions large aggregates 
were formed that contained both cell types (Fig. 2). Similarly, 
fluorescein-labelled membrane vesicles obtained from brain 
tissue bound to myoblasts and myotubes (Table 2, Fig. 3), 
although less strongly than to retinal neurones (Table 2). In each 
case, the interaction was inhibited by anti-N-CAM F(ab’): 
fibroblasts were included as a control and did not bind the 
vesicles. Table 2 and Fig. 3 show the binding to muscle cells of 
vesicles reconstituted from brain lipids and purified N-CAM. 
This adhesion was almost completely inhibited by anti-N-CAM 
antibody; vesicles containing lipids alone bound only in small 
numbers to a few cells. Binding was also observed between the 
N-CAM vesicles and cells obtained from heart muscle of 9-day 
embryos by trypsinization as described for the retinal cells. This 
Suggests that N-CAM-mediated interactions may take place ina 
variety of muscle tissues of different origins. 
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remaining cells probably being fibroblasts ©. Myoblasts were internally labelled with diacetyl fluorescein’. Nerve cells were obtained from retina 
f 0 Ig of” 13 
of 10-day chick embryos by mild trypsinization (0.002%, 15 min, 37 °C)". 
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We have shown previously that the adhesive specificity and 
the properties of the reconstituted N-CAM vesicles closely 
resemble those of intact nerve cells and have obtained evidence 
suggesting that cell-cell binding may involve interactions 
between N-CAM molecules on different cells. The fact that both 
muscle and nerve cells have N-CAM on their surfaces is consis- 
tent with this hypothesis. It also raises the possibility that muscle 
cells could bind to each other in part by the N-CAM mechanism. 
In preliminary studies, however, anti-N-CAM F(ab’) reduced 
the binding of myoblasts to myoblasts or myotubes by only 
~ 20%, which may indicate that other adhesion mechanisms 
and molecules are also involved, including those leading to the 
muscle-specific fusion of plasma membranes to form myotubes. 

We conclude that N-CAM (or a similar molecule) is present 
on the plasma membrane of developing skeletal muscle cells, 
and that nerve cells can bind to muscle cells via the calcium- 
independent’? adhesion mechanism involving N-CAM. The 
presence of N-CAM on a cell type of mesenchymal origin as well 





Table 1 Binding of neural and muscle cells to retinal nerve cell 


monolayers 





No. of cells 


bound to % Inhibition 

Cell binding F(ab’) present monolayer by anti- 

to monolayer during binding* (1mm*) N-CAM F(ab’) 
Myoblasts Nonimmune 174 — 
Myoblasts Anti-N-CAM 64 63 
Retinal neurones Nonimmune 389 — 
Retinal neurones Anti-N-CAM 105 73 
Fibroblasts — 30 — 





Myoblasts and retinal nerve cells were prepared as described in Fig. 2 
legend. Fibroblasts were dissociated from skin of 11-day chick embryos 
with 0.1% trypsin and grown in Dulbecco's modified Eagle's medium 
containing 10% fetal calf serum. At confluence, fibroblasts were 
removed from culture dishes with trypsin, cultured in suspension for 4 h 
and internally labelled with diacetyl fluorescein. As described pre- 
viously’, monolayers of retinal cells were prepared on waxbean agglu- 
tinin-coated 35-mm culture dishes, incubated for 20 min at 25 °C witha 
suspension of cells internally labelled with fluorescein and scored for 
binding by fluorescence microscopy. Retinal nerve cells in suspension 
also bound to monolayers of myoblasts or myotubes, but only ~ 20% of 
this binding was inhibited by anti-N-CAM F(ab’). We have previously 
observed that inhibition of heterotypic binding by F(ab’) is sometimes 
affected when the cell types in the suspension and monolayer are 
reversed’. Although the cause of this effect is not understood, binding 
of vesicles to myotubes in monolayers or to myoblasts in suspension was 
strongly inhibited by F(ab’) (Table 2). 

*20 ug ml ' of affinity-purified F(ab’) or nonimmune F(ab’) were 
added to the incubation medium. 





Table 2 Binding of vesicles containing N-CAM to cells 





% Of cells binding vesicles 


With 
Source of nonimmune With anti- 
Cells vesicles Fi ab’) N-CAM F(ab’) 
Myoblasts* Brain tissue 69 18 
Retinal neurones Brain tissue 75 26 
Fibroblasts Brain tissue 0 — 
Myoblasts N-CAM + lipid 60 5 
Myoblasts Lipid 6 — 





Myoblasts and retinal nerve cells were prepared as for Fig. 2, and 
fibroblasts as for Table 1, except without the internal fluorescent label. 
Vesicles containing N-CAM and carboxyfluorescein were isolated as 
described in Fig. 3 legend, and lipid vesicles were prepared as described 
but in the absence of N-CAM. Binding was scored by fluorescence 
microscopy (see Fig. 3 legend) after incubating 20 ul of vesicles with 
5 x 10° cells in 1 ml SME medium for 20 min at 37 °C in the presence of 
10 wg ml * of F(ab’). 

*60-70% of cells scored were myoblasts”. 
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Fig. 3 Binding of brain tissue vesicles to myoblasts (a, b), and 
binding of reconstituted vesicles containing lipid and affinity- 
purified N-CAM to myotubes (c, d). a And c are phase contrast 
micrographs at x570 and x375 respectively; b and d are fluores- 
cence micrographs of the same fields. Myoblasts were prepared as 
described in Fig. 2 legend, and myotubes as described in Fig. 1 
legend. Fluorescent N-CAM vesicles were prepared by removal of 
detergent from a solution containing 6 mg ml ' of lipids extracted 
from chick brain, 0.2mgml‘ of affinity-purified N-CAM and 
5 mg ml ; 6-carboxyfluorescein’. Membrane vesicles were pre- 
pared from 14-day embryo brains by homogenization of the tissue 
in the presence of 5 mg ml ' 6-carboxyfluorescein, isolated by 
sucrose density centrifugation and washed with phosphate- 
buffered saline. Binding of vesicles to cells was carried out by 
incubation of 20 ul of vesicles with 5 x 10° cells in SME medium in 
a l1-ml suspension, or with myotubes on coverslips for 20 min at 
37°C with gentle shaking. Unbound vesicles were removed by 
differential centrifugation of the myoblasts or washing of myotube 
monolayers. 


as in ectodermally derived nerve tissue raises the possibility that 
N-CAM expression on cells is more a reflection of functions 
required for morphogenesis than of cell lineage. In view of this 
possibility, it will be of particular interest to test for the presence 
and localization of N-CAM in embryos at earlier stages of 
development. 
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The dopaminergic (DA) innervation of the prefrontal cortex in 
rat originates from neurones distributed in the anterior medial 
part of the ventral tegmental area (VTA)'. Biochemical?” and 
electrophysiological* studies have demonstrated that these 
mesocortico-prefrontal neurones are distinct from others 
located in the VTA which project to subcortical structures such 
as the nucleus accumbens. DA receptors coupled to an adenyl- 
ate cyclase (D-1 receptors) are present in the prefrontal cortex 
and their topographical distribution closely resembies that of 
DA nerve terminals*’. We have now further analysed the 
properties of the cortical D-1 receptors and compared them with 
those of a subcortical limbic structure examining, in the rat, the 
effects on DA-sensitive adenylate cyclase activity in the pre- 
frontal cortex and the nucleus accumbens of (1) bilateral 6- 
hydroxydopamine (6-OHDA) microinjections in the VTA and 
(2) bilateral electrolytic lesions of the VTA. The results suggest 
that regulation of D-1 receptors is not solely dependent on the 
presynaptic DA innervation and that other non-DA fibres may 
contribute to it. 

Male Sprague-Dawley rats (180-250 g) were lesioned bila- 
terally in the VTA either by 6-OHDA (4 xg in 1 pl microin- 
jections or by electrocoagulation as described previously”’, In 
some cases, animals were pretreated with desipramine (DMI, 
25 mg per kg intraperitoneally, i.p.) 30 min before the 5-OHDA 
microinjections. Sham-operated rats were used as controls. Al] 
animals were killed between 11 a.m. and 1 p.m., 40-60 days 
after the lesions. Brains were rapidly removed, their rostral 
halves fixed with sodium chloride (0.9%) on a Leitz Kryomat’® 
and caudal parts kept for histological control. Using cylindrical 
tubes (1.4 and 0.9 mm diameter for the prefrontal cortex and the 
nucleus accumbens respectively), microdisks of tissues were 
punched out bilaterally on successive 500-um-thick coronal 
slices from the ventral part of the prefrontal cortex’ (planes 
11,300 and 10,800 um according to the atlas of Konig and 
Klippel’’; four microdisks; 310 wg protein) or the nucleus 
accumbens (planes 9,600 and 9,100 um; six microdisks; 190 pg 
protein). Tissues from individual animals were then treated to 
estimate DA-sensitive adenylate cyclase activity as previously 
described (refs 6, 7; Fig. 2 legend), and DA and noradrenaline 
levels in each sample were determined radioenzymatically'’, 

As expected, a marked decrease in DA levels was observed in 
both the prefrontal cortex and the nucleus accumbens in rats 
with bilateral 6-OHDA lesions (Fig. 1). However, surprisingly, 
there was no change in the DA-sensitive adenylate cyclase 
activity in these structures despite the nearly complete destruc- 
tion of their DA innervation (Fig. 1). 

Similarly, in most of the animals with bilateral electrolytic 
lesions (10 out of the 14 lesioned rats) there was a significant 
reduction of DA levels in both the prefrontal cortex and the 
nucleus accumbens. In these rats, the DA-sensitive adenylate 
cyclase activity was significantly increased in the prefrontal 
cortex (+62 + 6% ; Fig. 1) when compared with results obtained 
in corresponding sham-operated animals. This effect resulted 
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from an increase in the maximal DA stimulation and not from a 
change in the apparent affinity of DA for its receptor, suggesting 
that the number of D-1 receptors coupled to the adenylate 
cyclase was enhanced (Fig. 2). In contrast, at a DA concen- 
tration (10° M) which induced the effect in the prefrontal 
cortex, no significant change in the DA-sensitive adenylate 
cyclase activity was observed in the nucleus accumbens (Fig. 1). 
This lack of effect was even seen in three animals in which the 
electrolytic lesions reduced DA levels by >95% (data not 
shown). These results seem to contradict those of Rosenfeld ef 
al."* who reported that unilateral electrolytic lesion of the VTA 
increases the DA-sensitive adenylate cyclase activity in the 
ipsilateral nucleus accumbens. However, they did not take into 
account the presence of high levels of DA in nucleus accumbens 
homogenates from the non-lesioned side. Indeed, a Line- 
weaver~Burk plot of their data reveals a difference in the affi nity 
but no change in the maximal stimulation of the DA-sensitive 
adenylate cyclase activity in the denervated nucleus accumbens. 

The difference in the effects of the 6-OHDA and electrolytic 
lesions on cortical noradrenergic (NA) levels might help to 
explain the lack of development of supersensitivity of the corti- 
cal D-1 receptors in the 6-OHDA lesioned rats. Indeed, in most 
cases, electrolytic VTA lesions did not destroy the ascending 
NA fibres projecting to the prefrontal cortex (Table 1). On the 
contrary, probably due to the neurotoxin diffusion, 6-OHDA 
microinjections also severely affected all ascending fibres of the 
NA dorsal bundle which pass near the VTA (Table 1). In 
another experiment designed to test further the eventual 
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Fig. 1 Effects of different VTA lesions on DA levels and DA- 
sensitive adenylate cyclase activity in the prefrontal cortex and the 
nucleus accumbens. Rats were killed 40-60 days after each type of 
lesi@n and microdisks of tissue were punched out from the pre- 
frontal cortex and the nucieus accumbens. After homogenization 
aliquots were taken for the estimation of DA levels and DA- 
sensitive adenylate cyclase activity. Results are the mean +s.e.m. of 
data obtained with groups of 5-10 rats. Mean values +s.e.m. of 
sham-operated animals were, respectively, in the prefrontal cortex 
and the nucleus accumbens: DA levels, 1.2+0.1 and 75 +6 ng per 
mg protein; basal adenylate cyclase activities, 32+1 and 38+ 
2 pmoles cyclic AMP per min per mg protein; DA (10°* M)- 
stimulated adenylate cyclase activity, 63+ 3 and 151+ 12 pmoles 
cyclic AMP per min per mg protein. The basal adenylate cyclase 
activity in the lesioned amimals was not affected in either the 
prefrontal cortex or the nucleus accumbens. * P < 0.05 and ** P< 
0.01 (Student’s t-test) when compared with respective values 
obtained in sham-operated animals. Cl, DA levels; Ø, DA-sensi- 
tive adenylate cyclase activity. 
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Table 1 Effects of different VTA lesions on NA levels in the prefrontal 








cortex 
% Change 
Noradrenaline compared 
VTA lesion (ng per mg protein) with control 

Sham 2.80 + 0.20 (10) 
6-OHDA 0.10 +0.05 (10) —96* 
Electrolytic 2.29+0.25 (10) ~18 
DMI (i.p.}+6-OHDA 1.85+0.19 (8) ~344 





Forty to sixty days after each type of VTA lesion, rats were killed and, 
after sampling and homogenization of the prefrontal cortex tissues, NA 
levels were estimated radioenzymatically'”. Numbers in parentheses 
correspond to the size of each group. Values are mean +S.e.m. 

*P<0.001 and +P<0.01 when compared with sham-operated 
animals. 


influence of the NA fibres on the regulation of cortical D-1 
receptors, animals were treated with DMI before the microin- 
jections of 6-OHDA in the VTA. As expected, this treatment 
‘markedly reduced the 6-OHDA neurotoxic effect on NA fibres 
‘but allowed the complete destruction of DA neurones pro- 
jecting to the nucleus accumbens. Curiously, for an unknown 
reason, the cortical DA innervation was partially preserved 
because DA levels were only reduced by 43% in the prefrontal 
cortex. In these conditions, DA-sensitive adenylate cyclase 
activity was significantly increased in both the prefrontal cortex 
and the nucleus accumbens, the effect being more pronounced in 
the latter structure (Fig. 1). 

A supersensitivity of D-1 receptors has already been shown in 
the striatum after electrolytically or 6-OHDA-induced 
degeneration of the nigro-striatal DA system'*"*. The results 
reported here—the marked increase in the DA-sensitive 
adenylate cyclase activity in the prefrontal cortex after elec- 
trolytic destruction of the mesocortico-prefrontal DA 
neurones—extend these observations. As already discussed, this 
effect probably results from an enhanced number of D-1 recep- 
tors. Its amplitude depends on the extent of DA denervation— 
in animals with electrolytic lesions a correlation was found 
between the increase in cortical DA-sensitive adenylate cyclase 
activity and the degree of the reduction in cortical DA levels 
(data not shown). It is thus not surprising that the increase in the 
cortical DA-sensitive adenylate cyclase activity was less 
pronounced after the partial destruction of the mesocortico- 
prefrontal DA neurones induced by the 6-OHDA lesion in 
DMl-pretreated rats. An interesting finding was that the 
presence of NA fibres seems necessary for the appearance of the 
increased cortical DA-sensitive adenylate cyclase activity; 
changes in the regulation of the cortical D-1 receptors were only 
seen when cortical NA fibres were only slightly or not affected by 
the lesion (electrolytic, 6-OHDA in DMI-pretreated rats). In 
contrast, in rats injected with 6-OHDA alone the concomitant 
destruction of the NA fibres prevented the increase in DA- 
sensitive adenylate cyclase activity despite the pronounced 
degeneration of the DA neurones innervating the prefrontal 
cortex. It is therefore possible that the cortical NA fibres exert a 
permissive role on the development of the cortical D-1 receptors 
supersensitivity. Of relevance in this context is the observation 
that there is a population of cells in the rat prefrontal cortex 
which responds to both DA and NA". 

Because NA accounts for ~2% of DA levels in the nucleus 
accumbens, it was not possible to estimate precisely the effect of 
6-OHDA lesions on NA levels in this structure. However, 
changes in cortical NA levels can be used as an index of the 
destruction of ascending NA fibres which pass near or through 
the nucleus accumbens. In any case the development of the D-1 
receptors’ supersensitivity in the nucleus accumbens does not 
seem to depend on the presence of ascending NA fibres as there 
was no change in DA-sensitive adenylate cyclase activity in this 
structure either when NA fibres were not ee tee (electrolytic 
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Although all types ‘of lesion made duced a pronounced 


degeneration of the nucleus accumbens DA innervation, the 
only one which resulted in a significant increase in the DA- 
sensitive adenylate cyclase activity in this structure was the 
6-OHDA lesion made in DMI-pretreated rats. As this lesion 
was also the only one which partially prevented the destruction 
of the mesocortico-prefrontal DA neurones, we suggest that the 
presence of the mesocortico-prefrontal DA neurones is 
required for the development of D-1 receptors supersensitivity 
in thé DA-denervated nucleus accumbens. Neurones originat- 
ing in the prefrontal cortex are known to project into the nucleus 
accumbens’ ’, and Pycock et a/.'* have recently shown that the 
specific destruction of DA terminals in the prefrontal cortex 
induced several biochemical changes in various subcortical 
structures, including an enhanced rate of DA utilization in the 
nucleus accumbens and the striatum. By their effect on cortical 
efferent pathways, the mesocortico-prefrontal DA neurons may 
contribute not only to the regulation of DA transmission in 
subcortical structures such as the nucleus accumbens, but also to 
the control of the activity of the target cells on which D-1 
receptors are located. In other words, changes in the activity of 
cortical neurones projecting to the nucleus accumbens could be 
involved in the regulation of the DA-sensitive adenylate cyclase 
activity in this structure. 

Several electrophysiological studies have demonstrated that 
the sensitivity of a receptor for a given transmitter can be 
modified by the action of another transmitter on the same 
cell'™®, Moreover, sustained changes in cell responsiveness to 
non-monoaminergic transmitters have been shown after 
denervation of monoaminergic systems in the central nervous 
system*', Our biochemical results provide a novel example of a 
regulatory process which could intervene in the control of 
receptor sensitivity: we have shown that the expected increase in 
the DA-sensitive adenylate cyclase activity after DA dener- 
vation can be modulated or even prevented in situations in 
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Fig. 2 Effect of bilateral electrolytic lesions of the VTA on the 
activity of the DA-sensitive adenylate cyclase in the prefrontal 
cortex. Eight microdisks of tissue (1.4 mm diameter) were punched 
out bilaterally in the ventral part of the frontal cortex’ (11,300 pm 

and 10,800 um slices following the atlas of König and Klippel‘ `} 

Samples were homogenized in 200 pl of a 2 mM Tris-maleate, 
pH 7.2, 2 mM EGTA, 300 mM sucrose solution. Aliquots were 
taken to measure DA-sensitive adenylate cyclase activity” and to 
estimate dopamine and noradrenaline levels'*. Each point cor- 
responds to the mean of three determinations; extreme values did 
not differ by >5%. Variation of values obtained in 10 different 
sham-operated animals were within 8%. A, Electrolytic VTA 

lesion; @, control. 
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which the target cells are simultaneously deprived or exposed to 
other significant signals, Such mechanisms may explain the 
variations observed'*'*** in receptor supersensitivity, which 
may depend on the selectivity of the procedure used to destroy 
the afferent fibres. Although further evidence is required for 
such regulation of receptor sensitivity, the phenomenon may be 
functionally significant and should be taken into consideration 
when evaluating the efficacy of a given transmission. 

This research was supported by grants from DRET (81050), 
INSERM (CRL 7953626) and Rhône Poulenc S.A. 
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Studies of various species have demonstrated that the post- 
prandial rise in serum gastrin levels is primarily attributable to 
the proteinaceous substances ingested'*. Although it is 
generally assumed that dietary amino acids are the primary 
stimulants of gastrin release, evidence supporting this notion 
based on experiments in vivo has been conflicting and uncon- 
vincing®'®. We have investigated the role of amino acids as 
stimulants of gastrin release using a preparation of isolated 
rodent gastrin-containing G cells'*’*. We report here that the 
ability of an amino acid to stimulate gastrin release in vitro is 
directly correlated with its lipid solubility, the aromatic and long 
chain aliphatic amino acids being the most potent. In addition, 
we provide evidence that amino acid decarboxylation may be a 
necessary step in gastrin release as inhibitors of decarboxylase 
activity abolished amino acid-induced gastrin release, and 
amines, the decarboxylated derivatives of amino acids, were 
potent stimulants of hormone secretion in vitro. Thus, the 
uptake and decarboxylation of amine precursors may be a 
functionally important property of cells belonging to the APUD 
(amine precursor uptake and decarboxylation) class of endo- 
crine cells. 
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We investigated the effects of amino acids and their metabol- 
ites on gastrin release in vitro using a preparation of enriched G 
cells isolated according to a modification of a procedure 
described elsewhere'''* (see Fig. 1 legend). Initially we 
compared the ability of various amino acids to stimulate gastrin 


release in vitro. We included one or more of the amino acids. 


from each of the major classes, The results (see Table 1) indicate 
that both charged amino acid residues and simple neutral 
aliphatic amino acid residues having a 1-3 carbon backbone 
failed to induce gastrin release from isolated G cells. In contrast, 
the more nonpolar molecules, the aliphatic amino acids having 
four or more carbon atoms, and the aromatic amino acids, 
stimulated gastrin release into the medium. 

The effectiveness of an amino acid in stimulating gastrin 
release correlated significantly (r<0.001) with the relative 
hydrophobicity of its side chain (Fig. 1). This relationship 
between the lipid solubility of an amino acid and its efficacy in 
stimulating gastrin release in vitro suggests that hormone 
secretion may depend on the ability of the amino acid to diffuse 
from the lumen into the interior of the G cell. This notion is 
supported by reports that amino acids and related compounds 
are transported into the gastric epithelium by a passive transport 
process'*. The intracellular mechanism by which amino acid 
uptake is coupled to gastrin secretion, however, has yet to be 
characterized. 





Table 1 Effect of amino acids and amines on gastrin release in vitro 


Gastrin Gastrin 
release release 
Amino acids (Se basal} Amines (% of basal) 
R R 
NH,-~CH-COOH NH.~CH, 
Aliphatic 
Glycine 98 + 22(4} Methylamine 3504 77(5)*4 
Alanine 76 + 204) Ethylamine 455+ 98(5)*+ 
Valine 10121100) Isobutylamine 306 + 30(10)*7 
Leucine 134+ 54)" 
Isoleucine 176 + 49(45 
Hydroxy 
Serine 87 + 6(5) 
Aromatic 
Phenylalanine 186+ 26(3)* Methylbenzvlamine 252+ 46(5)* 
Tryptophan 212+ 23(5}* 
Charged 
Arginine 99427(4. 
Ornithine 65% 15(8° 
Glutamine 109 + Gid) 
Cysteine Ro + 19 Cysteamine 200+ 25(10)*+ 
Glutamic Acid 877.34) 6-Aminobutyric acid 12624 24(5) 
Imino 
Proline 143 4 2443 
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An isolated and enriched preparation of rodent antral G cells was prepared 
using a modification of a procedure described elsewhere’'’*. Strips of antral tissue 
were incubated for 90 min in enriched KRB (Krebs-Ringer bicarbonate) buffer 
containing pronase E(0,125% ; EM Laboratories,) with shaking in water bath at 
37 °C in an atmosphere of 95% O,/5% CO, at 105 cycles min”!. At the end of this 
period the remaining tissue was vigorously shaken by hand (~2,000 cycles min’) 
in pronase-containing medium, and then lightly scraped with a glass slide. This 
combination of selective pronase digestion followed by high shearing forces results 
in the removal of cells from the basal elements of the antral gland. The exfoliated 
cells and tissue were then incubated in enriched KRB buffer containing 20 pe ml”! 
of DNase I for 30 min, followed by gentle filtration (70 pm pore size) to disrupt the 
cell aggregates, The resulting cel! suspension was washed several times in fresh 
enzyme-free KRB, and counted using a haemocytometer. Gastrin secretory 
testing was initiated by injecting the cells (50-150 x 10° per tube) into a siliconized 
tube containing amino acid-free KRB with and without (control) the test agent. All 
test agents were used at a final concentration of 10 mM. The cells were incubated 
with shaking in a water bath at 37°C in an atmosphere of 95% O,/5% CO, for 
10 min. The cells and medium were separated by filtration, and the filtrate was heat 
extracted at 96°C for 10 min (ref. 2). The medium samples were then stored at 
~20°C before radioimmunoassay of the medium gastrin concentration. Gastrin 
concentration was determined by a modification of the technique of Yalow and 
Berson’. Purified human gastrin G-17 I was iodinated by the chloramine T 
method and purified by the method of Stadil and Rehfeld?’. Antibody 1296, 
which recognizes all known molecular forms of gastrin?', was used in all assays. 
Numbers in parentheses are number of tubes per group. 

* Represents a statistically significant difference (P< 0,05) compared with 
medium gastrin concentration of cells incubated in control medium. 

t Represents a statistically significant difference (P<0.05) compared with 
medium gastrin concentration for cells incubated in medium containing the 
respective amino acid (carboxylated derivative of the amine). 
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Pearse initially proposed the APUD hypothesis'*. He 
demonstrated that many endocrine cells, like neural tissue, are 
able to decarboxylate amine precursors to form the parent 
amine. Many endocrine cells of the gastrointestinal tract, 
including the G cell, have been demonstrated histochemically to 
be members of the APUD family of endocrine cells. Although 
the importance of the decarboxylase enzymes has been 
established neurophysiologically, their functional role in endo- 
crine cells remains to be elucidated fully. 

We have also demonstrated (see Table 1) that many amines, 
products of amino acid decarboxylation, are highly efficient in 
stimulating gastrin release in vitro. Note that without exception, 
amines induced a greater stimulation of hormone secretion than 
the respective amino acids from which they are derived. These 
findings are not totally unexpected as previous studies have 
demonstrated that certain aromatic and aliphatic amines (the 
catecholamines and cysteamine) are potent stimulants of gastrin 
release in vivo’*?*. Subsequent experiments have indicated that 
certain biogenic amines, (serotonin, histamine, spermine and 
taurine) are unable to stimulate gastrin release in vitro. These 
results suggest that amine-stimulated gastrin release is not a 
nonspecific G cell response to amines in general, but is a specific 
response to certain molecular species of this class of compounds. 

We then investigated whether the ability of an amino acid to 
stimulate gastrin release in vitro could be modulated in parallel 
with the decarboxylase activity of the endocrine cell. To test this 
possibility, glandular cells of the ‘antrum were incubated in 
medium containing the stimulatory aromatic amino acid, 
phenylalanine, with or without the addition of the decarboxylase 
inhibitors, a-methyl-L-dopa (specific L-aromatic amino acid 
decarboxylase inhibitor), 4-deoxypyridoxine and amino- 
oxyacetic acid (nonspecific decarboxylase inhibitors)'*"°. 
Subsequent studies revealed that all three agents significantly 
reduced the L-aromatic amino acid decarboxylase activity of 
isolated intact antral glandular cells when [1-alanine-'*C]DL- 
dopa was used as substrate (unpublished results). Figure 2 shows 
that all three inhibitors significantly blocked phenylalanine- 
induced gastrin release. In addition, this abolition of amino 
acid-induced hormone release could not be attributed to a 
general depression of cell function, as the decarboxylated 
derivative of phenylalanine, methylbenzylamine, was still 
capable of stimulating gastrin release in the presence of deoxy- 
pyridoxine. Note also that subsequent experiments demon- 
strated that these inhibitors of cellular decarboxylase activity 
had minimal affect on basal gastrin release, and effectively 
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Fig. 1 Relationship between the ability of an amino acid to 
stimulate gastrin release in vitro and the hydrophobic properties of 
its side chain. The data points were limited to those amino acids 
whose relative hydrophobicity were estimated by Bigelow and 
Channon”. There is a statistically significant linear relationship 
between the two properties (r = 0.92; P< 0.001). 
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Fig. 2 Effect of decarboxylase inhibitors on phenylalanine- 
induced gastrin release in vitro. The isolated and enriched G cells 
were prepared and studied as described in Table 1 legend. In 
addition to cells incubated in amino acid-free KRB alone (basal), 
cells were incubated in phenylalanine-containing medium (10 mM) 
in the absence and presence of the following inhibitors of decar- 
boxylase activity: a-methyl-L-pDoPA (0.01 mM); aminooxyacetic 
acid (1 mM); 4-deoxypyridoxine (1 mM) alone, and together with 
the stimulatory amine, methylbenzylamine (10 mM). * Represents 
a statistically significant difference (P< 0.05) compared with the 
medium gastrin levels of cells incubated with phenylalanine alone. 
+ Represents a statistically significant difference (P<0.001) 
compared with the medium gastrin levels of cells incubated with 
phenylalanine and deoxypyridoxine. 


abolished the stimulatory actions of other aromatic amino acids 
(such as tryptophan) on gastrin release in vitro. 

These results suggest that gastrin release, which is triggered by 
the ingestion of a meal containing protein, may depend in part 
on the passive transport of amino acids into the G cell, followed 
by their intracellular decarboxylation. This notion is further 
supported by autoradiographic evidence'”’* that the DOPA 
decarboxylase activity of the G cell resides anatomically in close 
proximity to the gastrin-containing secretory granules. 
However, the mechanism by which the amine product is coupled 
to hormone release remains to be determined. Further experi- 
ments will ascertain whether the decarboxylase enzymes have a 
similar role in mediating the amino acid-induced release of 
hormones from other endocrine cells possessing the APUD 
facility. 
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Inhibition of spindle elongation 
in permeabilized mitotic 

cells by erythro- 
9-[3-(2-hydroxynonyl)] adenine 


W. Zacheus Cande 


Department of Botany, University of California, Berkeley. 
California 94720, USA 


Studies using living cells'’ and experimental manipulation of 
permeabilized mitotic cells’* demonstrate that the movement of 
anaphase chromosomes consists of two physiologically distinct 
events: chromosome movement to the spindle poles (anaphase 
A) and separation of the poles via spindle elongation (anaphase 
B). Shortening of kinetochore-attached microtubules is asso- 
ciated with anaphase A and rearrangement and lengthening of 
the polar microtubules, especially those found in the spindle 
midzone, with anaphase B**. It has been suggested that inter- 
actions between microtubules, mediated by dynein-like 
cross-bridges similar to those found in flagella, may be the 
mechanochemical system responsible for anaphases A and B’*, 
Recently Bouchard ef al.’ have demonstrated that erythro- 
9-[3-(2-hydroxynonyl) ]adenine (EHNA), a protein carboxyl- 
methylation inhibitor, is a specific inhibitor of flagellar beat and 
dynein ATPase activity. I have now investigated the possibility 
that dynein-like ATPases have a role in anaphase by adding 
EHNA to permeabilized cell models in conditions compatible 
with maintenance of anaphases A and B after lysis’. I find that 
EHNA blocks anaphase B but not anaphase A. These results are 
consistent with the involvement of a dynein-like ATPase in 
spindle elongation. 

Mitotic PtK, cells (a kidney epithelial line derived from the rat 
kangaroo) continue to undergo anaphase after permeabilization 
of the cell with the nonionic detergent Brij 58 (Fig. 1, step 1, and 
ref. 3) provided polyethylene glycol is added to the medium 
1-2 min after lysis (Fig. 1, step 2). After lysis the dividing cells 
are permeable to ions, nucleotides, dyes and proteins**. The 
rate and extent of spindle elongation (Fig. La, @) in lysed mitotic 
cells depend on the ATP concentration in the medium*. In 
contrast, chromosome-to-pole movement in the permeabilized 
cell (Fig. la, A) does not require Mg’*-ATP and is not affected 
by the presence of sulphydryl reagents, vanadate {a flagellar 
dynein ATPase inhibitor) and non-hydrolysable ATP analogues 
in the lysis medium‘. 

EHNA, at concentrations that block movement of native rat 
and sea urchin spermatozoa’, does not block anaphase when 
added to intact PtK, cells during prometaphase. 

After lysis, EHNA preferentially blocks spindle elongation in 
dividing cells (Fig. 16, Table 1) but does not reduce the rate of 
chromosome-to-pole movement. Inhibition of anaphase B by 
EHNA can be prevented by increasing the level of ATP in the 
lysis medium (Table 1). This result is consistent with the obser- 
vation that EHNA is a weak mixed competitive inhibitor of 
dynein ATPase activity’. The relative concentration of EHNA 
required for 75% inhibition of anaphase B (0.2mM ATP, 
0.5 mM EHNA; Table 1) is similar to that required for 50% 
inhibition of dynein ATPase activity (0.1 mM ATP, 0.23 mM 
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Table 1 Effect of EHNA on chromosome movement 
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Rates of movement (ym min` ') 


Chromosome- 


No.of Chromosome Spindle to-pole 
Treatment experiments separation elongation movement 
0.2 mM ATP 14 O.5540.15 0.262010 0.15+0,07 
+0.1 mM EHNA 6 0.55£0.16 0.194014 0.18+0.05 
+0.5 mM EHNA 9 0.46¢0.15 0.064010 0.19+0.06 
+2.0 mM EHNA 13 0.32+40.11 0.04+0.06 0.14+0.05 
+2,0 mM EHNA 5 0.5940.14 0.33+0.06 0.14+0.04 


and 1.25 mM ATP 





Rates of movement were estimated by measuring the slopes of the graphs (Fig. 
1) of chromosome-—chromosome and pole—-pole distances from the moment of 
addition of the step 2 medium (see Fig. 1 legend) to the position of maximum 
displacement of chromosomes or poles. The rate of chromosome-to-pole move- 
ment was calculated as one-half the difference between the rates of chromosome 
separation and spindle elongation’. Values are given with standard deviations. 


EHNA)’ and reactivation of demembranated sea urchin sper- 
matozoa (0.2 mM ATP. ~0.75 mM EHNA)’. 

EHNA was originally described as a potent inhibitor of 
protein carboxylmethy ation because it increases the intra- 
cellular concentration of S-adenosyl-L-homocysteine through 
inhibition of adenosine deaminase’™''. To study whether EHNA 
blocked anaphase by this mechanism, PtK, cells were lysed 
in S-adenosyl-L-homocysteine, adenosine and cycloleucine, 
which are known to inhibit protein carboxylmethylation’”'', and 
in S-adenosyl-L-methionine, a donor of methyl groups'’. As 
S-adenosyl-L-homocysteine and adenosine are almost as 
effective as EHNA in retarding spindle elongation (Table 2), we 
cannot rule out the possibility that protein carboxylmethylation 
is somehow involved in this process. However, the concen- 
tration of these drugs required to inhibit anaphase B are 
10°-10°-fold higher than that required to inhibit protein 
carboxylmethylation in vivo or in vitro’''. Cycloleucine, 
another inhibitor, does not block anaphase B (Table 2), and 
$-adenosyl-L-methionine, which should promote protein 
carboxylmethylation in vitro, inhibits anaphase B (Table 2) in 
the permeabilized cell. In addition, inhibition of spindle elon- 
gation by EHNA and adenosine depends on the ATP concen- 
tration in the lysis medium (Tables 1, 2). These results suggest 
that EHNA, S-adenosyl-L-homocysteine and adenosine all 
inhibit spindle elongaticn due to a common property other than 
their ability to inhibit protein carboxylmethylation. In this 
regard, spindle elongation differs from flagellar movement, 
because dynein ATPase activity and flagellar beat are not 
inhibited by adenosine’. 

It has been suggested that actomyosin may help to generate 
the forces required for anaphase chromosome movement’’, As 
described previously'*, skeletal myosin ATPase activity is 
unaffected by millimolar concentrations of EHNA, and gly- 
cerinated myofibril contraction continues in concentrations of 
ATP and EHNA that block anaphase B (W.Z.C., unpublished 
data). To study the effect of EHNA on a process in lysed cells 
known to involve actomyosin, 1-2 mM EHNA was added to 
permeabilized PtK, cells undergoing cytokinesis. Cleavage fur- 
row constriction continues for several minutes after lysis using 


careening retention eee 
Table 2 Effect of carboxy! transmethylation inhibitors on chromosome 
movement 


Rates of movement (um min’) 


Chromosome- 
No, of Chromosome Spindle to-pole 
Treatment experiments separation elongation movement 
0.2 mM ATP 5 0.564008 0.24¢0.09 0.164002 
+0.5 mM S-adenosyl- 

i.-homocysteine 5 O37+0.18 01ll+016 0.13+003 
+0.53 mM S-adenosyl- 

-methionine 5 04340.10 0.094008 060.18+0.06 
+12 mM cycloleucine 5 0.614010 0.2140.11 0.19+0.06 
+0.5 mM adenosine 5 0.3946.09 Old4+0.16 0.1340.04 
+2.0 mM adenosine 

and 1.25 mM ATP 3 0.62£0.20 0.33+0.12 0.15+0.04 
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the procedure described in Fig. 1 legend (see ref. 3) and EHNA 
does not alter the rate or extent of cleavage (W.Z.C., unpub- 
lished data). 

As microtubule polymerization may have a role in spindle 
elongation (reviewed in refs 2, 5), the effect of EHNA on in vitro 
polymerization of neurotubulin was followed spectropho- 
tometrically by monitoring changes in turbidity’*. Extracts 
containing 3-5mgml™’ twice-cycled neurotubulin® were 
warmed to 37°C in medium containing 100mM PIPES, 
pH 6.94, 1 mM MgSO., 1 mM EGTA and either 0.5 mM GTP 
and 2 mM EHNA or 1 mM GTP and 5 mM EHNA. No change 





e 


—_— e7 
e-® 
0-0 


1 2 
t _e~ 
Ve 
N 





Distance (um) 






eo—-8—@ 
ele-e—* 


0.2mM ATP+ 
0.5mM EHNA 


Time (min) 


Fig. 1 Effect of EHNA on chromosome movements in 
permeabilized cells. Separation of spindle poles (@), sister 
chromatids (C) and chromosome-to-pole movement in one half 
spindle (A) when cells are lysed in a medium containing 0.2 mM 
ATP (a) or 0.2 mM ATP and 0.5 mM EHNA (b). PtK, cells were 
used in all experiments and were maintained and handled for light 
microscopy as described in ref. 3. Coverslips were mounted on 
slides with coverslip fragments as spacers. Anaphase cells were 
lysed by flushing solutions under the coverslip in a two-step lysis 
procedure: step 1 medium contained 85 mM PIPES, 0.08% Brij 
58, equimillimolar nucleotide or EHNA (Burroughs—Wellcome) 
and MgSO, 107” M free Ca?* and 1 mM free Mg”. Step 2, which 
followed 70-90 s after step 1, used a similar medium that included 
_ in addition 2.5% polyethylene glycol (molecular weight 20,000) 
and 0.1% Brij 58. The composition of the Ca**-EGTA buffer 
system was determined using a computer program provided by 
R. Steinhardt. Using a stability constant of 10.7 at pH 6.94 and 
10 mM EGTA as a buffer, 1.51 mM CaCl, and 1.28 mM MgSO, 
were added to the lysis medium. 


in rate or extent of microtubule polymerization in the presence 
of four- to fivefold more EHNA than nucleotide was detected. 

Thus EHNA inhibition of anaphase B is consistent with the 
argument that a dynein-like ATPase is responsible for generat- 
ing the forces required for spindle elongation”? and that 
anaphases A and B are physiologically distinct processes that 
can be uncoupled by the appropriate experimental manipula- 
tion”, 

I thank Susan Elliger for technical assistance, Carl Elliger and 
Kent McDonald for helpful discussions, and Steve Penningroth 
for preprints describing the specificity of EHNA inhibition of 
dynein ATPase activity and helpful discussions concerning the 
mechanism of EHNA inhibition. This research was supported 
by grants from NIH, American Cancer Society and the Uni- 
versity of California Cancer Research Coordinating Committee. 
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Inhibitors of dynein activity block 
intracellular transport in erythrophores 


Mary C. Beckerle & Keith R. Porter 


Department of Molecular, Cellular and Developmental Biology, 
University of Colorado, Campus Box 347, Boulder, 
Colorado 80309, USA 


Erythrophores, cells capable of translocating pigment granules 
along a radially arrayed cytoskeletal framework, provide an 
excellent model system for studying intracellular particle trans- 
port. Numerous examples of intracellular motility are based 
on microtubules’ and all available evidence indicates that 
organized pigment granule transport in erythrophores depends 
on these structures’. The best studied microtubule-based motil- 
ity system is the flagellum. As it relies on a dynein—-microtubule 
interaction to generate motive force’, we have investigated the 
effects of dynein ATPase inhibitors on pigment granule trans- 
port. Vanadate is a potent inhibitor of dynein ATPase activity in 
vitro*-® and has been shown to inhibit microtubule-based 
motility in cilia*, flagella* and the mitotic spindle’. Recently, 
another dynein inhibitor, erythro-9-3-(2-hydroxy- 
nonyl)adenine (EHNA), has been described”. We report here 
that both microinjected vanadate and exogenously applied 
EHNA block saltatory movement of pigment granules in iso- 
lated squirrelfish erythrophores. The vanadate and EHNA 
sensitivities of directed pigment motion suggest that a dynein- 
like molecule may be an essential component of the eryth- 
rophore intracellular motility system. 

Erythrophores isolated from the scales of the squirrelfish 
(Holocentrus ascensionis) and cultured on glass coverslips retain 
their capacity to translocate pigment granules’. Mass aggre- 
gative movement of the pigment towards the cell centre is rapid 
and of uniform velocity, while dispersive radial movements are 
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slow and,faltering. When the cell is in the dispersed state, the 
granules shuttle to and fro in short radial jumps or ‘salta- 
tions”, 

Pressure microinjection'’ of erythrophores with ~7 x 107'*] 
(~7% of the cell volume) of a 10% sucrose solution at pH 7, 
containing fluorescein isothiocyanate-labelled bovine serum 
albumin (5-10 mg ml’) results in an initial aggregation of the 
pigment followed, within 1 min, by a return of normal granule 
movements. In contrast, the saltatory intracellular motility of 
erythrophores is rapidly inhibited when the cells are injected 
with vanadate (>50 uM) in the V(v) oxidation state (Table 1). 
Microinjection of vanadate at a concentration of 250 uM causes 
the pigment granules to freeze transiently and then disperse 
slightly, perhaps because of vanadate enhancement of adenylate 
cyclase activity'*; chromatophores characteristically respond to 
increased intracellular cyclic AMP by dispersing their pig- 
ment'*''*, Once this initial dispersion has occurred, the shuttling 
of granules ceases, and the pigment will no longer aggregate, as 
it usually would, in response to touch by the microinjection 
needle. Adjacent cells which pulsed in synchrony with the 
experimental cell before injection will, however, respond by 
aggregating their pigment when the injected cell is touched (Fig. 
1). This result suggests that the injected cell is receiving the 
stimulus to aggregate and is communicating it to nearby cells, 
but is incapable of translocating its own pigment in response to 
the stimulus. Erythrophores injected with 50 or 100 uM Viv) 
exhibit all the above characteristics except they can occasionally 
aggregate their pigment in response to touch by the micro- 
pipette. However, this aggregation is much slower than that in 
coupled or control cells and is generally less complete. 

When the concentration of vanadate in the injection buffer is 
increased to 500 uM, a cell immediately adjacent to the in jected 
cell often loses its ability to translocate pigment granules, but 
touching either of these incapacitated cells results in aggregation 
of other cells previously observed to be coupled to the injected 
cell. It seems likely that the excess vanadate is passing through 
the same junctions that serve to couple the cells electrically; the 
H,VO, form of V(v) which exists in aqueous solution at neutral 
pH'*""* should pass readily through gap junctions because it is 
both small and negatively charged. The fact that an uninjected 
cell is inhibited in its motility illustrates that the injection 
procedure itself is not responsible for the effects on granule 
movement noted here. Moreover, as depolarization of the cell 
membrane is probably the primary signal to aggregate the 
pigment’®, the immobilized, injected cell must remain alive in 
order to communicate the aggregation stimulus to ad jacent cells. 

When the concentration of injected vanadate is decreased to 
10 uM, an intermediate inhibitory effect is observed. The pig- 
ment translocation ceases in 32% of the cells injected while the 
remainder are affected either transiently or not at all. If the 
concentration of injected material is decreased to l uM, all 
injected cells remain competent to move their pigment. 

Kinetic analyses of the effect of vanadate on dynein in vitro 
have demonstrated that its inhibition of the ATPase activity is 
noncompetitive”, Vanadate inhibition of myosin’? and the 
(Na*+K*)ATPase"™'’, on the other hand, is competitive with 


————— 


Table 1 The effect of vanadate on pigment granule migration 
ee < fe Te ne oe 
Concentration Approximate Inhibition of 


of vanadate in intracellular transport 
micropipette concentration* No. of cells (no, of cells; 
(uM) (uM) injected % inhibited) 
500 37 55 55; 100 
250 18.5 29 28; 97 
LOO Ta 21 21; 100 
50 3,7 31 31; 100 
10 0.73 22 4332 
l 0.073 42 0; 0 


eee 
* Microinjection needles were calibrated by measuring the volume of 
oil droplets injected into erythrophores. 
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Fig. 1 Phase-contrast micrographs of four erythrophores in 
culture. The cells are coupled, that is, they disperse (a), aggregate 
(b) and redisperse (c) their pigment granules in synchrony. In d, the 
cells are in the dispersed state and one cell is microinjected with 
vanadate (250 uM) in injection buffer containing fluorescein- 
labelled bovine serum albumin. The injected cell is rapidly 
inhibited in its intracellular transport function whereas the three 
other cells continue to aggregate and disperse their pigment (e, f). 
Touching the microinjected cell with the micropipette ( f) results in 
aggregation of the three coupled, uninjected cells, but the 
vanadate-injected cell does not respond to the stimulus with 
pigment movement (g). A fluorescence image (A) of the four cells 
illustrates that the cell on the lower right has been successfully 
injected. Slight autofluorescence of the pigment granules can be 
seen in the other erythrophores. 


substrate binding. Injection of a large excess of MgATP (up to 
2.5 mM) together with 250 uM vanadate fails to prevent or slow 
the vanadate effects on pigment granule migration in vivo, 
Suggesting that vanadate inhibition of granule motility is prob- 
ably not due to an effect on any of the numerous ATPases“ 
known to be competitively inhibited by vanadate. 

Incubation of erythrophores with another dynein inhibitor, 
EHNA, at a concentration of 4x 10° M, in culture medium for 
20 min also results in cessation of saltatory shuttling of pigment 
granules. At 10 *M EHNA, a 60-90-min exposure is required 
before motility is inhibited. The dispersed cells appear to be 
frozen with regard to particle translocation, Although there is 
some brownian movement of the pigment granules, they do not 
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shuttle and no spontaneous aggregation—dispersion cycles 
occur. Exogenous application of adrenaline stimulates the cells 
to aggregate their pigment granules, although the response is 
slowed relative to untreated cells. 

EHNA has also been reported to inhibit protein carboxyl- 
methylase activity by increasing the intracellular concentration 
of S-adenosyl homocysteine”’. In view of the fact that calcium 
appears to be the intracellular signal for aggregation of pigment 
granules”’ and calmodulin can be methylated’, we examined 
the possibility that EHNA inhibition of pigment saltation was 
due to the inhibition of carboxyl-methylase rather than dynein 
ATPase. Microinjection of S-adenosy] homocysteine at 
concentrations up to 100 uM yielded no inhibition of pigment 
granule shuttling or aggregation and dispersion even after 
60 min. As EHNA-induced inhibition of monocyte chemotaxis 
occurs rapidly when intracellular S-adenosyl homocysteine 
reaches ~6 x 107"® g per cell’, the high concentration injected 
into erythrophores (~3 x 10~™ g per cell) should have readily 
inhibited pigment motion if it relied on carboxyl-methylase 
activity. 

It seems unlikely that either vanadate or EHNA is simply 
interfering with the general ATP metabolism of the cells 
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because co-injection of vanadate and ATP affects cells in the 
same manner as vanadate alone, and the cells treated with either 
vanadate or EHNA do not ultimately aggregate their pigment as 
do cells treated with various inhibitors of oxidative phos- 
phorylation’. 

Dynein-like ATPase activity has been isolated from 
numerous microtubule-based motility systems, from sources as 
diverse as the sea urchin mitotic apparatus”, Saccinobaculus 
axostyle’* and human sperm’. Probes for dynein activity have 
been shown to inhibit anaphase chromosome movement’, 
flagellar beat*®, microtubule-associated particle transport in 
fibroblasts?” and, now, erythrophore pigment movement. Taken 
together these observations suggest that a dynein-like protein is 
a force-transducing molecule in microtubule-dependent 
intracellular motility in general. 
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Cyclic AMP has long been implicated as an activator of sperm 
motility". From more recent experiments using demem- 
branated mammalian and sea urchin spermatozoa”, it was 
concluded that cyclic AMP only increases the motility of the 
axoneme after it has been initiated by MgA TP”. We have now 
carried out similar experiments using spermatozoa collected 
from the rainbow trout and demembranated by treatment with 
the detergent Triton X-100. Our results suggest that in this 
species, cyclic AMP is required before MgATP” to trigger 
maturation of the nonmotile axoneme. Subsequent addition of 
an energy source then induces motility. 

Semen was collected from mature rainbow trout, Salmo 
gairdneri, by inserting a pipette into the sperm duct. The plasma 
membrane and mitochondria of the sperm were then removed 
(confirmed in electron micrographs) by mixing at room 
temperature 1 volume of semen with 20 volumes of the extract- 
ing medium containing 0.15 M KCI, 0.5 mM MgsQO,, 5 mM 
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CaCl., 0.5 mM EDTA, 1 mM dithiothreitol (DTT), 2 mM Tris 
buffer, pH 8.2, and 0.04% Triton X-100 for 30 s in the presence 
or absence of 0.5mM cyclic AMP. Removal of the plasma 
membrane and mitochondria, elimination of the energy supply, 
and the dispersal of the components essential for axonemal 
movement in the extracting medium resulted in immotility of the 
axoneme. Reactivation of axonemal movement was then 
attempted using the modified method of Gibbons and Gibbons”: 
the demembranated sperm were resuspended in reactivating 
medium containing 0.15 M KCl, 2 mM MgSQag, 0.5 mM CaCl, 
2mM EGTA, 1mM DTT, 20mM Tris buffer, pH 8.2, and 
1mM ATP again in the presence or absence of 0.5 mM cyclic 
AMP, and were observed by dark-field microscopy with 
stroboscopic mercury illumination at a magnification of x200. 
During demembranation rainbow trout spermatozoa remain 
quiescent due to the presence of K* in the seminal plasma’ or 
KCI in the extracting medium. When cyclic AMP was absent 
from both the demembranating and reactivating media, no 
axonemal movement was observed (Fig. 1a). However, when 
the demembranated sperm were suspended in reactivating 
medium containing MgATP* and cyclic AMP, axonemal 
movement occurred (Fig. 15), causing the reactivated sperm to 
swim at a speed of 103 +12 pm s™ (n = 8). In contrast, motility 
of demembranated mammalian and sea urchin sperm is restored 
in the presence of MgATP*’, with no requirement for cyclic 
AMP®®. These results suggest that whereas the axoneme of 
mammalian and sea urchin sperm is already functionally mature 
and requires only an energy supply to initiate motility, the 
axoneme of rainbow trout sperm is functionally immature and is 
converted to the mature state by exposure to cyclic AMP. 
When trout spermatozoa were demembranated in the extract- 
ing medium (always ATP free) containing cyclic AMP and then 
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Fig.l Dark-field stroboscopic micrographs of tracks of the heads 
of spermatozoa demembranated by treatment with Triton X-100. 
In a, cyclic AMP was absent from both the extracting and reac- 
tivating media; semen was directly immersed in the extracting 
medium and demembranated; no evidence of movement. In b, 
cyclic AMP was present in the reactivating medium; demem- 
branation of sperm was performed by the same method as in a: 
movement is evident. In c, cyclic AMP was absent from both the 
extracting and reactivating media; semen was diluted in 100 mM 
NaCl for 30s and then spermatozoa were demembranated; 
movement is evident. In a, demembranated sperm are immotile; 
rounded heads and slender axoneme projected from heads are 
observed. In b, c, demembranated sperm are motile; the image of 
tracks of heads which are driven by axonemal movement are 
observed as a dotted line under stroboscopic illumination: all 
preparations exhibit straight or curved lines, no rounded heads are 
present, indicating 100% motility of axonemes. Bar in a indicates 
50 um. 








Nature Vol. 295 25 February 1982 


placed in reactivating medium containing MgATP*~ but no 
additional cyclic AMP, axonemal movement occurred to give a 
speed of 78+9 ums ‘ (n =4). This can be explained if cyclic 
AMP becomes bound to the axoneme during the demem- 
branated procedure, and induces its maturation. Axonemal 
movement can then occur with the addition of the energy source, 
MgATP’ alone. 

In the above experiments Ca** concentration was ~5 mM in 
the extracting medium and 10°’ M in the reactivating medium 
(buffered with EGTA). Even when CaCl, was eliminated from 
both media, axonemal movement occurred, Suggesting that 
Ca** did not affect the maturation in motility of the axoneme. 

During natural spawning, seminal K*, which inhibits motility 
of salmonid sperm in the sperm duct, is diluted by fresh water, 
allowing sperm motility to occur'’. In the present experiments, 
the mature axoneme deprived of plasma membrane and mito- 
chondria always displayed motility in reactivating medium 
containing 0.15M KCl, suggesting that K* ions inhibit the 
motility of intact (functionally mature) sperm through metabolic 
or membrane effects, and do not directly inhibit axonemal 
maturation. When an appropriate volume of semen was diluted 
to 100 vol in K*-free 100 mM NaC] for 30s (the duration of 
intact sperm motility of rainbow trout) and then a volume of the 
sperm suspension was extracted in the absence of cyclic AMP, 
axonemal movement occurred to give a speed of 100+ 
32 ums (1=11) in reactivating medium containing 
MgATP*’ , again in the absence of cyclic AMP (Fig. 1c). This 
result offers an explanation for normal initiation of trout sperm 
motility: the reduction of external K* at spawning may affect 
metabolic or membrane-mediated processes in the intact sperm 
and thus induce an increase in intraflagellar cyclic AMP 
concentration. The endogenous cyclic AMP then induces 
axonemal maturation (as described above; Fig. 15), and the 
matured axoneme conveys motility to the sperm, using energy 
provided by the mitochondria. 

Components of the cyclic AMP system, including cyclic AMP, 
adenylate cyclase, phosphodiesterase, cyclic AMP-dependent 
protein kinase which phosphorylates the motile apparatus'', 
and phosphoprotein phosphatase, occur in motile cells. includ- 
ing spermatozoa'’, cilia'' and muscle”, of many animals. The 
ability to isolate an immature motile apparatus from trout sperm 
provides a useful model for investigating cell motility, especially 
the molecular site of cyclic AMP action and phosphorylation in 
sperm motility and the chemistry of interaction between the 
cyclic AMP system and the motile apparatus in initiation of cell 
motility generally. 

Independently of our present study, activation of demem- 
branated spermatozoa of a tunicate Ciona by cyclic AMP has 
been described"*. 
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Only a fraction of the genome of adenovirus, a DNA tumour 

‘virus, is required for transformation in vitro’. The leftmost 
11% of the genome, including the two transcription units E1A 
and E1B, appear to be sufficient for transformation of rat 
embryo cells in tissue culture for highly, weakly and non- 
oncogenic adenovirus serotypes’®. Various spliced mRNAs, 
orginating from the transforming region, have been iden- 
tified’”'' and in some cases the corresponding protein products 
found?’ but it is unknown what renders some serotypes highly 
oncogenic for baby hamsters compared with others that are 
non-oncogenic although able to transform cells in vitro. We 
have studied the mRNAs from the transforming region of the 
highly oncogenic serotype 12 (Ad12) in the hope of finding 
novel mRNAs which could account for the oncogenic properties 
of the virus. We have previously failed to find any differences 
between the spliced mRNAs in the transcription unit of the ELA 
region of Ad12 and the corresponding mRNAs from the non- 
oncogenic type 2 (Ad2)'*. Here we have extended our analysis 
to the E1B region and show that the highly oncogenic Ad12 
encodes mRNAs which have different structures from those 
encoded by Ad2. 

We isolated mRNA from Adi2-infected cells and prepared 
cDNA copies which were inserted into the pBR322 vector. 
RNA was extracted’® from infected A549 cells (a cell line 
derived from a human oat-cell carcinoma) either 8h after 
infection in the presence of 25 pg ml”! cycloheximide or 16h 
post-infection in the absence of drug. To study the temporal 
expression of genes in the transforming region we prepared 
2p labelled cDNA copies from the two mRNA preparations, 
and hybridized” these to restriction enzyme fragments of Ad12 
DNA. The results (Fig. 1) show that the RNA from the cyclo- 
heximide-treated cells hybridized only to the Accl H fragment 
which covers the E1A region of Ad12 (ref. 18). In contrast, 
RNA prepared 16h post-infection in the absence of cyclo- 
heximide hybridized also to the Accl F fragment and to two 
small fragments that are specific for region E1B (Fig. 1). 

Double-stranded cDNA copies of late (16h) poly(A)- 
containing RNA were prepared as described elsewhere’ and 
inserted in the PstI cleavage site of the pBR322 plasmid. Clones 
having sequences from the E1 region were identified by screen- 
ing 50,000 colonies by hybridization’? using **P-labelled EcoRI 
C fragment as probe. To distinguish between clones from 
regions E1A and E1B, the Accl restriction fragments, 1,2 and 3 
(see Fig. 1) of the EcoRI C fragment were used and 38 E1B- 
specific clones were identified. Characterization of the clones by 
cleavage with endonucleases HindIII, Sall, Xbal and Pvull, 
which cleave the Ad12 DNA within region E1B (Fig. 2), showed 
that they correspond to three classes of spliced mRNA. 

The structures of these classes were determined by sequenc- 
ing parts of representative clones and comparing the results with 
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Fig.1 Kinetic analysis of mRNA expression from the transform- 
ing region of Ad12. For this experiment we used a cloned EcoRI C 
fragment of Adi2 DNA comprising the leftmost 16%. (M.P., 
unpublished data). Accl cleavage of the cloned fragment results in 
five fragments of viral DNA which can be used to discriminate 
between regions E1A and E1B of Ad12. The lower panel shows a 
restriction enzyme cleavage map for endonuclease Accl. Only the 
leftmost 16.5 map units are included and the fragments are 
indicated by numbers and letters. The top panel shows hybridiza- 
tion between Accl fragments of Adi2 DNA and **P-labelled 
cDNA, prepared using AMV polymerase with oligo(dT)-as primer. 
RNA extracted 8 h after infection (6) and 16 h after infection in the 
absence of drug (c) was tested. For the analysis a clone containing 
the EcoRI C fragment of Ad12 DNA (0-16.5 map units) was 
cleaved with Accl and the resulting fragments separated ona 1.4% 
agarose gel before transfer to nitrocellulose”. **P-labelled Ad12 
DNA was hybridized to a separate filter strip to visualize all 
fragments containing viral DNA (a). The band labelled H in the 
upper panel, contains the Accl H fragment of Ad12 plus flanking 
sequences from the pBR322 plasmid. 


the nucleotide sequence determined for the E1B region of Ad1i2 
DNA (ref. 20 and K. Fujinaga et al., personal communication). 
We thus established the way in which the three mRNA classes 
are spliced; mRNAs belonging to class I are spliced between 
nucleotides 3,295 and 3,369 and resemble closely the 225 
mRNA from the E1B region of subgroup C adenoviruses”’. 
RNA species belonging to class II have two introns; one is 
identical to the small intron in class I mRNAs, the-second is large 
and located between nucleotides 2,046 and. 3,163.in_ the 
sequence of Bos et al?”. Class ITI mRNAs also have two introns; 
one is large and identical to the large intron in class H mRNAs 
whereas the second is short and located between nucleotides ` 
3,295 and 3,444. Thus the same donor site but different acceptor _ 
sites are used for splicing the small intervening sequences 
present in class II and III mRNAs. All 38 clones in our collection. 
contained the Xbal cleavage site at map position 8.9, suggesting - 
that no Ad12 mRNA has the same structure as the 138 mRNA 
of region E1B in Ad5 (ref. 21), which contains a single large 
intron. i 

S, nuclease analysis has identified a common poly(A) addition 
site both for the Ad12 E1B mRNAs", and the Ad5 E1B 





Tabie 1 Characterization of 38 clones containing sequences 








region E1B of Ad12 
No. of clones mRNA'species” 
4 I 
8 I] 
4 Hi 
22 Unclassified? 


Oa 


* As defined in Fig. 2. 
+ These clones contained severely truncated cDNA inserts and thus could not 
be classified unambiguously; most belong to class H and N mRNAs. 
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mRNAs’*, By sequencing the ends of a cDNA insert (Fig. 2), 
the poly(A) addition site in region E1B of Ad12 was located at 
nucleotide 3,824. It is preceded by the hexanucleotide sequence 
AAUAAA, which is almost invariably adjacent to poly(A) 
addition sites in eukaryotic mRNAs”. 

The 5’ ends of the mRNAs belonging to the three classes 
cannot be determined from the present study. However, results 
of S, nuclease analysis suggest that all mRNAs from region EIB 
of Ad12 have a common 5’ end located around nucleotide 1,525 
in the Ad12 sequence'’, There are extensive sequence 
homologies between this region in Ad12 and the known E1B 
cap site in the Ad5 genome; furthermore, the sequence 
TATAAA (the ‘Goldberg-Hogness box’) lies between nucleo- 
tides 1,498 and 1,503. 

The coding potential of the three classes of Ad12 mRNA can 
be predicted if it is assumed that they have common 5’ ends 
around nucleotide 1,525. Bos et al.'* have shown that the E1B 
region of Ad12 has three major open translational reading 
frames. One very long reading frame starts with an ATG triplet 
at position 1,846 and ends with a UGA termination codon at 
position 3,292 (Fig. 3). This open reading frame has a theoretical 
coding capacity of molecular weight 54,000 (54 K) and could be 
used in its entirety only in the long mRNA (class I) with a single 
splice. When translated from this mRNA the protein would 
terminate immediately before the splice. The second long open 
translational reading frame starts with an ATG triplet at posi- 
tion 1,541 and ends at position 2,030 (Fig. 3). From the deduced 
mRNA structures it is apparent that the latter reading frame can 
theoretically be used in mRNAs belonging to all three classes 
(Fig. 3). Class ImRNAs are consequently polycistronic with two 
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mRNAs {data from ref. 20), The poly(A) addition 

site is located immediately to the left of the sequence 

determined by Bos ef al.” and was determined from 

a cDNA clone. Nucleotide 3,825 is the first A residue 
in the poly(A) tail. bp, Base pairs. 
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uninterrupted reading frames, possibly encoding two 
completely different polypeptide chains as has been proposed 
previously*’. These would have molecular weights of 54 K, and 
19 K, which roughly correspond to the molecular weights of two 








Fig.3 The two major open translational reading frames in Ad12 

as defined by Bos et al.”° and their relationship to the structures of 

the Ad12 E1B mRNAs. The different acceptor (A) and donor (D) 
sites used to splice EIB mRNAs are indicated. 


aa a 


Nature Vol. 295 25 February 1982 














Ad5 
Maana RRS ‘tomnamncnalyy sentences assioni td 
D 1000 2p00 3000 4000 5000 bp 
EEE EEE Aene eraai Cra A TEAN EEEE E E EE EA T AEE 
Adi2 
oo avanan = commen meron 
avreman eee amanan eemo spayannenara i 
a e Cael D ns an 
— EIA er BB eaaa 
Donor site 1 Ad5 (CACETGScTE b 
g Adt2 (CAGGTGCAAG 
Donor site 2 Ad5 EAGGTACTOR 
Ad? AAAGTAAGTA: 
Adi2 DA arance 


Acceptor site 1 AdS ideda GAGTGTGG 


ibis adaatd GAGTGTGG 


Adi2 
Acceptor site 2 Ad5 FCTGTTTIGCAGCAG 
Ad7 ters TECAGeTY 
Ad12 —s ifr FtAAcaacAc 
Acceptor site 3 Add eet reco 
Ad? TGAQGGGEAG areca 
Adi2 sere 


Fig. 4 Comparison of the transforming regions of highly onco- 
genic and non-oncogenic adenoviruses. a, Comparison of the 
major spliced mRNAs, transcribed from the transforming region of 
Ad5 and Ad12. b, Comparison of nucleotide sequences at different 
splice junctions in Ad5, Ad7 and Ad12. The donor sites D1 and 
D2, and the acceptor sites Al, A2 and A3, are defined in Fig. 3. 
Data for Ad12, Ad5 and Ad7 are from ref. 20, refs 29 and 30, and - 
ref. 26 respectively. 


polypeptides identified by translation in vitro**. If translation 
were initiated at the ATG triplet which precedes the long open 
reading frame (at position 1,846) in class H and HI mRNAs, a 
polypeptide would be translated from sequences on both sides of 
the large splice present in these mRNAs (Fig. 3). The product 
would be a 12 K polypeptide, related to the 54 K polypeptide 
but lacking 372 internal amino acids. The third open reading 
frame in region E1B corresponds to polypeptide IX which is 
translated from an unspliced mRNA”. 

The existence of two alternative small introns in class I and 
lil mRNAs is puzzling. Table 1 shows that both types are 
frequent and hence not the result of occasional incorrect splicing 
events. As the small exon in class II and IH mRNAs contains 
- stop codons in all three possible reading frames (Fig. 2), the 
coding capacity of class I] and IH mRNAs is the same. 

Figure 4a outlines the mRNAs encoded by the transforming 
regions of Ad5 and Ad12. The most striking descrepancy 
between the highly oncogenic Ad12 and the non-oncogenic Ad5 
is the existence in the former of two RNA species from region 
E1B which have a large and a small intron. No equivalent 
mRNA species have yet been reported from region E1B of 
subgroup C adenoviruses. The two alternative splices in class I 
and HI mRNAs of Ad12 are both located in the 3’-noncoding 
part of the mRNA, which is very unusual. Introns in the 3’- 
noncoding region of cellular mRNAs have been rarely encoun- 
tered previously’, the only known example besides the E1B 
mRNAs being the splice present in the mRNA for the smal! T 
antigen of simian virus 40 (ref. 25). There are two ways in which 
the two small splices could influence the properties of class I and 
H mRNAs: either the structure of the 3’-noncoding region 
predetermines by some unknown mechanism which of the two 
possible initiation codons is chosen, thereby generating 
completely different polypeptides from class H and HI mRNAs, 


or the different 3'-noncoding regions in class H and HI mRNAs 
alter the stability or rate of transport of the mRNAs. Provided 
that the difference between oncogeni¢ and non-oncogenic 
Viruses is quantitative rather than qualitative, the unique 3'- 

noncoding parts of the Ad12 mRNAs could have a decisive role 
in determining the oncogenic potential of the virus. It should be 
possible to eliminate specifically the splice which generates the 
class IH mRNAs by site-specific mutagenesis and thus test 
directly the hypothesis. 

The results, summarized in Fig. 4 together with corresponding 
data from subgroup B and C adenoviruses, make it possible to 
compare directly nucleotide sequences at the positions where 
splicing occurs in region E1B of different adenoviruses. Two 
donor sites, D1 and D2, and three acceptor sites, Al, A2 ane 
A3, for splicing can be identified in the three classes of Ad12 
E1B mRNA (see Fig, 3). Figure 4b compares the sequencesat 


the donor and acceptor sites in region E1B of Ad12 with the _ 


corresponding sequences in Ad5 and Ad7. The results show that 
the donor site D1 is well conserved and apparently used to 
generate a large splice in both Ad5 and Ad12?. In addition the 
second donor site, D2, is well conserved and apparently used to 
generate a small splice in Ad5, Ad7 (ref. 26) and Ad12. Thisisin 
contrast to the leftmost acceptor site Al which in Adi? 
generates the middle splice, not found in Ad5 mRNAs, 
Sequence homology is observed around the splice site but the 
A-G dinucleotide is altered in Ad5, which presumably makes it 
non-functional’’. The acceptor site A2 is, as expected, conser- 
ved in all three serotypes in contrast to the third acceptor site A3 
which is unique for serotypes 7 and 12. Although there is.no 
direct evidence, we can predict from sequence similarities that _ 
the EIB mRNAs of Ad7 resemble those of Ad12. The similarity 2 
between Ad7 and Ad12 with regard to acceptor and donor sites 
in region E1B supports the idea that, as was recently proposed’*, 
the highly and weakly oncogenic adenoviruses have evolved 
together. 
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An important experimental strategy for defining functional 
regions of a DNA sequence involves deleting or mutating 
particular sequences in vitro and observing the effects of the 
changes in a functional assay. We have approached the problem 
of making specific changes at defined sites in a nucleotide 
sequence by attempting to make use of the mistakes made by 
DNA polymerase enzymes while copying a sequence. Our 
approach is to initiate DNA synthesis from an isolated restric- 
tion fragment, and to elongate the fragment to a designated 
position by sequentially adding complementary nucleotides, 
then to incorporate the non-complementary nucleotide using an 
error-prone DNA polymerase followed by continuation of 
faithful synthesis. Here we demonstrate by DNA sequence 
analysis that both transitions and transversions can be produced 
at a designated position on the DNA template using this 
method. 

DNA polymerases from prokaryotes contain a proofreading 
3'+ 5’ exonuclease activity that enhances their accuracy in 
catalysis’. This associated exonuclease excises any non- 
complementary nucleotides at a primer terminus before 
continuing polymerization. In contrast, DNA polymerases from 
RNA tumour viruses and eukaryotes incorporate non- 
complementary nucleotides at higher frequency during copying 
of synthetic polynucleotides’ and natural DNA’, The non- 
complementary nucleotides incorporated are invariably found 
to be present as single-base substitutions. Because the frequency 
of misincorporation by DNA polymerases ts proportional to the 
ratio of non-complementary to complementary nucleotides in 
the reaction mixture, it should be possible to force a particular 
non-complementary nucleotide to be incorporated by carrying 
out the reaction in the presence of only that deoxynucleoside 
triphosphate. Incorporation of a series of non-complementary 
nucleotides is unlikely, as it would result in separation of the 
primer terminus from the template and diminish further 
synthesis. 

To study the feasibility of using nucleotide misincorporation 
during in vitro DNA synthesis for site-specific mutagenesis, we 
chose to copy single-stranded bacteriophage PX174 circular 
DNA template containing an amber mutation. The frequency of 
mutagenesis can be determined from the reversion frequency of 
the copied DNA in transfection assays and the specificity of 
mutagenesis can be documented by sequence analysis“, 

Restriction endonuclease cleavage fragment, Hpal 2 (DX174 
positions 31-1,294)° from ®X174 RF DNA, was hybridized to 
X174 amber (am)18 template DNA. The 3’ OH terminus of 
this restriction fragment is located seven nucleotides from the 
change that causes the amber 18 mutation (am 18 contains a Tin 
place of C at ®X174 position 23)’. We first elongated the 3’ OH 
terminus of the restriction fragment primer using Escherichia 
coli DNA polymerase I (Pol I) with only dATP and dCTP. These 
nucleotides are complementary to the first three template posi- 
tions beyond the 3’ OH primer terminus (Fig. 1). After isolating 
template containing the elongated primer, a second series of 
reactions was carried out using avian myeloblastosis virus 
(AMV) DNA polymerase. Three different combinations of 
deoxynucleoside triphosphates were used (Fig. 1). After 
incubation of the reaction mixtures for 5 min at 37°C in the 
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Fig. 1 Steps involved in primer elongation and site-specific mutagenesis, 
Primer elongation with complementary nucleotides: Hpal 2 restriction 
endonuclease fragment was hybridized to single-stranded X174 am1& 
DNA. Limited elongation of the 3° OH terminus of the primer was carried 
out with Pol L The reaction contained 3 ug of primed template, 5 pg of Pol I, 
luM [a-* P]ATP, 1 aM dCTP, 5mM MgCl, 2mM dithiothreitol and 
20 mM Tris-HCl (pH 8.0) in a volume of 100 yl. Incubation was at 37 °C for 
5 min. The reaction was stopped by adding EDTA to a final concentration of 
10 mM; the mixtures were heated to 65°C for 10 min and extracted once 
with an equal volume of redistilled phenol equilibrated with 20 mM Tris- 
HCl (pH 8.1) containing 1 mM EDTA and 100 mM NaC’. To separate the 
DNA from the unincorporated nucleotides, the aqueous phase was loaded 
onto a Sephadex G-100 column (1 60cm) and the column eluted with 
0.15 mM KCI, 50 mM Tris-HCI (pH 7.8). Fractions (1 mi} were collected 
and aliquots (20 wl) processed for determination of acid-insoluble radioac- 
_ tivity. The peak fractions were pooled, 1/10th volume of 3 M sodium acetate 
was added, and the DNA was precipitated with EtOH. The DNA was 
pelleted, washed and resuspended in 100 pi of 10 mM Tris-HCI (pH 8.0) 
containing 0.1 mM EDTA. Synthesis at am1i8 locus: A second series of in 
nitro DNA reaction mixtures each contained 0.1 ug ami8 X174 DNA 
primed with the elongated Hpal 2 restriction fragment, 1 U of AMV DNA 
polymerase, 50 mM Tris-HCI (pH 8.0), 5 mM MgCl, and 2 mM dithioth- 
reitol in a volume of 50 ul; they were incubated at 37°C for 5 min. Ali 
reaction mixtures contained 10 uM dTTP and dCTP to elongate the primer 
correctly to position 23 of the ami 8 locus. Various combinations of the other 
deoxynucleoside triphosphates, each at a concentration of 10 uM, were 
included in individual reactions as indicated. (1) Correct incorporation is 
achieved by including the three nucleotides complementary to the amig 
locus, dTTP, dCTP and dATP. (2) The presence of only dTTP and dCTP 
during directed misincorporation synthesis will allow the misinsertion of 
either T or C at position 23 of the am 18 locus. (3) By including dTTP, dCTP 
and dGTP during directed misincorporation synthesis, it should be possible 
to obtain T, C, or G misinsertion at position 23. In experiments performed in 
this manner, G substitution at position 23 was the only change observed 
among seven revertants (Table 2), Synthesis with AMV DNA polymerase 
was followed by ijn viro DNA synthesis with all four deoxynucleoside 
triphosphates present to seal the misincorporated nucleotide into the newly 
replicated DNA. Reactions were stopped by adding 0.1 vol of 100 uM 
EDTA. 


presence of the specified nucleotides, all four deoxynucleoside 
triphosphates were added. Synthesis was allowed to proceed for 
an additional 5 min, so that any misincorporated nucleotides on 
termini would be protected from excision by the subsequent 
incorporation of the next complementary nucleotide. EDTA 
was added to stop synthesis, and the copied DNA was trans- 
fected into E. coli spheroplasts. Synthesis was completed by the 
E. coli replicating complex in vive. We determined the reversion 
frequency of the am18 mutation by measuring the number of 
infective centres**”, 

When dATP, the nucleotide complementary to position 23 in 
the am18 region, was present in addition to dCTP and dTTP 
during DNA synthesis using AMV DNA polymerase, the 
reversion frequency of the newly synthesized DNA product in 
the transfection assay was fourfold higher than that of the 
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uncopied primed template (Table 1, lines 1,2). This increase, 
which is a function of the error-prone nature of AMV DNA 
polymerase’, provides the background reversion frequency (4 x 
107$). In both the nucleotide substrate combinations studied 
(Table 1, lines 3, 4), in which dATP was excluded from the 
reaction, the reversion frequencies were increased 100-fold. 
These higher reversion frequencies were presumably due to the 
substitution by AMV DNA polymerase during the in vitro 
synthesis of one of the non-complementary nucleotides for the 
missing complementary dATP. | 

To determine more precisely the efficiency of non-comple- 
mentary nucleotide misinsertion, we measured the reversion 
frequency of a population that included only copied DNA 
molecules. Following mutagenesis with AMV DNA poly- 
merase, synthesis was allowed to continue completely around 
the ®X174 template using all four deoxynucleoside tri- 
phosphates, and a double-stranded closed circular molecule was 
formed using DNA ligase; nuclease S, was then used to hydro- 
lyse the single-stranded molecules. In initial experiments, the 
reversion frequency of molecules copied past the am18 locus 
with dCTP, dGTP and dTTP (Table 1, line 4) was increased to 
33%. Thus, enrichment for copied DNA molecules should 
provide designated mutants, even in the absence of a biological 
procedure for mutant selection. 

To show that the increased reversion frequencies were a result 
of single-base substitutions, we sequenced the DNA of indivi- 
dual revertants. The nucleotide in position 23 of the minus 
strand was confirmed to be G in wild-type DNA and A in am18 
DNA (Table 2, line I). In six spontaneous revertants, G substi- 
tuted for A at position 23. Among the eight revertant DNAs, 
from reactions in which only dCTP and dTTP were present, 
seven contained cytosine and one contained thymidine at posi- 
tion 23 (Table 2, line II-1). These changes were probably a result 
of T-C and T-T mispairings during in vitro DNA synthesis. 
When dGTP was included in the synthesis reaction with dCTP 
and dTTP, all seven of the revertant DNAs contained G at 
position 23 (Table 2, line H-2), indicating a T-G mispairing. 
Thus, all three misincorporations occurred opposite this 
template thymidine during the in vitro DNA synthesis. The 
substitutions at ®X174 position 23 were the only changes that 
we observed in the DNA sequence analysis. This observation 
suggests that the reaction conditions yielded misinsertions pre- 
dominantly at the predetermined template position, the first 
template position the polymerase encountered that lacked a 
complementary nucleotide. 

The patterns of nucleotide misinsertion observed in these 
experiments indicate that AMV DNA polymerase is capable of 
catalysing pyrimidine~—pyrimidine as well as purine~pyrimidine 
mispairings. Based on the revertant DNAs that we screened, 
when dATP was the only nucleotide deleted during synthesis, 
the presence of dGTP resulted in only TC transitions, 
produced by T-G mispairing during synthesis. Despite the 
presence of both dCTP and dTTP, we observed no transversions 





Table 1) Reversion frequency of am18 DNA copied by AMV DNA polymerase 
in the presence of various combinations of deoxynucleoside triphosphate 
substrates 
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Non-permissive 


infective Total 
centres infective Reversion 
(x109 centres frequency 
Added dNTPs {revertants) (x10) {x107} 
1. None 3.5 3.41 1 
2. dTTP, dCTP, dATP 3.4 0.79 4 
3. dTTP, dCTP 291 0.76 383 
4. dTTP, dCTP, dGTP 182 0.45 404 





The ami8& template DNA with an elongated Hpal2 primer was copied with 
AMY DNA polymerase as described in Fig. 1 legend in the presence of the 
indicated deoxynucleoside triphosphates. The transfection procedure for deter- 
mining the number of infective centres and the reversion frequency has been 
described previously** 





Table 2) DNA sequence analysis of revertants obtained from copying @n18 DNA 
with AMV DNA polymerase in the presence of defined deoxynucleoside 
triphosphate substrates 
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Sequence at position Na. of 
[minus (copied) strand] DNAs 
25 24 23 sequenced 
I. Controls 
1. Wild type C T G 2 
2. amig C T A 2 
3. Spontaneous revertants C T G & 
H. Revertants, added dNTPs 
1. dTTP, dCTP C T C 7 
C T T 1 
2. dTTP, dCTP, dGTP C T G 7 
C T C 0 
C T T 0 





Viral template DNA which was wild type for ami8 was isolated from am3 
X174 bacteriophage ia gift of J. Weiner and A. Kornberg) and DNA from ami& 
was isolated from @X174 am18 bacteriophage (a gift of P. Weisbeek) as previously 
described**. Spontaneous ami8 revertants were derived from non-permissive 
infective centres obtained from transfection of uncopied am18 molecules. Rever- 
tant DNAs were isolated from plaque-purified non-permissive infective centres 
obtained from ami8 DNAs copied with AMV DNA polymerase as described in 
Table 1 legend. Isolation of revertant phage and preparation of viral template 
DNA for sequencing were performed as described elsewhere’. The DNA 
sequence from PX174 positions 1-26 of wild type, ami% and-revertants of am {8 
were determined by the chain terminator method of Sanger et ai.7°. A preparation 
containing all three fragments from a Hpal restriction digest of ®X174 RF DNA 
was used to prime each single-stranded template at a ratio of 1:1. The sequencing 
reactions contained E. coli DNA polymerase I at an enzyme to template ratio of 
10:1 and dideoxy- to deoxynucleotides at a ratio of 200-1. After completing the 
polymerization reactions, restriction endonuclease Taq] was added- at a ratio of 1 
unit per ug of DNA and the sample was incubated at 68 °C for 60. min: The 
products of the sequencing reaction were displayed on a 12% polyacrylamide gel. 
The DNA sequence in the am18 region (®X174 position 23-25) can be unam- 
biguously read because all synthesis initiated at the other Hpal restriction frag- 
ment primers are in larger Tag! digestion fragments that do not migrate into the 
readable portion of the gel. 


in DNAs derived from these copying conditions, even though we 
have observed that substitutions of these nucleotides at position 
23 are genetically viable. Thus, it seems that T-G mispairing 
may be more likely to occur than either T-T or T-C mispairing. 
This observation agrees with investigations by others in sugges- 
ting that purine—pyrimidine mispairing should be favoured over 
pyrimidine-pyrimidine mispairing‘°"' 

From these experiments, we propose that a general method 
for site-specific mutagenesis can be developed using directed 
misincorporation during DNA polymerization. The most direct 
application is with single-stranded or gapped DNA templates. 
Site-specific mutagenesis of double-stranded DNA can also be 
performed by this method when cloned into a bacteriophage 
M13 single-stranded vector. The first step of the procedure is to 
elongate a primer terminus to reach a pre-selected site by using 
a prokaryotic. DNA polymerase and different nucleotide 
combinations, This can be done in a series of reactions to achieve 
any required degree of elongation’’. Pol I is particularly suitable — 
for the elongation steps because it is highly accurate with natural 
DNA templates, the error rate being about 1 in 10° (ref. 5). For 
incorporation of a single non-complementary nucleotide, AMV 
DNA polymerase offers several advantages. First, it lacks a 
3'~ 5’ exonuclease activity and is thus unable to excise a non- 
complementary nucleotide once incorporated. Second, 


because AMV DNA polymerase can add complementary | 







nucleotides into terminal single-base mismatches, misinsertic 
are sealed in place by subsequent correct nucleotide incorpora- 
tions. Most importantly, in the presence of all complementary 
nucleotides, the frequency of misincorporation by AMV DNA 
polymerase is much higher than by polymerases containing 
proofreading activities’’. Thus, in copying a natural DNA 
template, AMV DNA polymerase can be forced to be even 
more error prone by omitting any complementary nucleotide 
substrate (that is, an ‘infinite pool bias’) from the in vitro 
synthesis reaction. An alternative approach is to use Pol J in the 
presence of only a designated non-complementary deoxy- 
nucleoside thiotriphosphate. This analogue is incorporated with 
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normal base-pairing properties but not excised by the F- S 
activity of the polymerase’, 

Site-specific mutagenesis at a predetermined position on a 
DNA molecule has become more feasible with the accumulation 
of DNA sequence information from a variety of genes. To date, 
three methods have been used to introduce specific base muta- 
tions into DNA. The first requires the chemical or enzymatic 
synthesis of an oligonucleotide that contains a designated sin gle- 
base change’’'’. The oligonucleotide is hybridized onto a 
template and extended into a biologically active molecule by in 
vitro DNA synthesis. Even though this may be the most exacting 
method of site-specific mutagenesis, each different substitution 
requires a unique oligonucleotide of sufficient length to form a 
stable hybrid with a specific region of the template '*'®'*, In the 
second approach, nucleotides ina DNA template are modified 
to promote mispairing during in vitro gap repair synthesis. For 
example, sodium bisulphite has been used to deaminate specific 
template cytosines which thereafter will pair with adenine 
instead of guanine during DNA synthesis to produce C:G > 
T: A transitions'”’°. With the third method, base substitutions 
are produced by misincorporation of a nucleotide analogue in 
place of a complementary nucleotide during in vitro nick trans- 
lation. For example, by substituting N*-hydroxy-dCTP for 
dTTP, A:T+G:C transitions were produced?™”?, These latter 
two approaches are restricted to a single type of base substitu- 
tion. Moreover, it is difficult to introduce the substitution only at 
a single designated site. 

In addition to incorporating a non-complementary nucleotide 
at a particular site, the method outlined here can be used to 
generate a ‘library’ of mutations at a particular region. A 
restriction endonuclease fragment can be sequentially elongated 
to produce a new set of fragments of increasing length that can 
be isolated from a polyacrylamide gel. Each elongated restric- 
tion endonuclease fragment can then be used as primer for 
incorporating a non-complementary nucleotide. A set of elon- 
gated fragments isolated from a single ge! could be used to 
produce a series of substitutions throughout a specific region of a 
gene. 
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Phenylhydrazine-induced anaemia in goats and certain sheep 
carrying a B“-globin gene, leads to a switch from adult g^- 
globin mRNA to B“ mRNA synthesis’. The 8€ globin chains 
are also transiently produced late in fetal life. The nucleotide 
sequence of selected fragments of cloned goat 8° globin gene’ 
corresponds to the amino acid sequence determined some years 
ago’. A similar reactivation of globin genes has been reported 
for the baboon, Papio cynocephelus, where anaemic stress also 
leads to the production of fetal haemoglobin‘. In the case of 
anaemic chicken, results of cDNA cloning and nucleotide 
sequencing experiments suggested that a novel type of a-globin 
gene, the ‘stress’ gene, is expressed". The existence of such a 
gene was mainly supported by the fact that the cDNA nucleotide 
sequence did not agree with any known chicken a-globin chain 
amino acid sequence. In contrast, we now report results, includ- 
ing a reinvestigation of the a*-globin amino acid sequence, 
which reveal that in the anaemic chicken, the q^ gene is 
expressed, and there is no evidence for a specific stress a- globin 
gene. 

Reactivation of genes due to physiological stress, such as 
induction of anaemia, is an important concept in the regulation 
of gene activity. The difference between the stress gene reported 
in chicken and the feta! genes of animals mentioned above is that 
the protein product of the stress gene could not be identified 
among the adult (a^, a” and B) or embryonic (, 7’, a^ aP, e 
and p) globin chains. Therefore, this switch seems not to 
represent a reactivation of a fetal-type gene. For further analysis 
of globin-coding sequences expressed in anaemic chicken, 
globin mRNA was isolated from polychromatic erythrocytes, 
transcribed into cDNA and cloned in bacterial plasmids’. 
Hybrid arrested cell-free translation from nine randomly selec- 
ted clones demonstrated that six clones contain sequences 
coding for a chains and three sequences coding for 8 chains. The 
integrated sequence of one of the plasmids containing an a- 
globin sequence (pa^ HG3), which is 581 nucleotides long, was 
cleaved by PstI, and after digestion with different restriction 
enzymes (see Fig. 1) the various fragments were submitted to 


Not 108 170 2239 320 423 583 
aa i 35 & 65 36 130 143 
Pst Hha! Sau3A Sau 3A Hine i Hho | Pst i 
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Fig. 1 Restriction map and sequencing strategy of the cloned 
nucleotide sequence cleared by PstI from plasmid pa^ HG3. N 
refers to the number of nucleotides and aa to the number of amino 
acids, after which cleavage by restriction endonucleases occurs. 
The ends of the cloned sequence are tailed by ~20 G-C base pairs, 
Originating from the G-C insertion technique in plasmid pBR322’. 
Restriction fragments, as shown by arrows, were subjected to 
sequence analysis (see Fig, 3). 
nce 
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Fig.2 Carboxymethyl-cellulose chromatography and Triton X-100 electrophoresis of chicken głobin chains. Globin chains were isolated from 
erythrocyte lysates by precipitation of the 100,000g supernatant with acidic acetone and submitted to CM-cellulose (CM 52, Whatman) 


chromatography”. The eluting material was further analysed by Triton X-100 polyacrylamide gel electrophoresis’ 


nucleotide sequence analysis. The resulting nucleotide sequence 
includes the entire protein-coding region (see Fig. 3) and is very 
similar to sequences previously reported independently by three 
other groups®’°. The amino acid sequence derived from our 
cloned structural a-globin gene is identical with that of one of 
these three groups’, although there are variations in the third 
bases of six.codons. Our sequence differs at amino acid positions 
110 and 121 or at positions 92, 93, 94 and 120, respectively, 
from the sequences published by the other two groups™”’. 
Although the origin of these differences is not known, it is 
concluded that our cloned sequence, as well as those reported by 
the above groups® °°, represent the processed transcripts of the 
same gene coding for the major a-globin chain component of 
polychromatic erythrocytes in anaemic chicken. 

A comparison of the amino acid sequence derived from our 
nucleotide sequence showed differences from embryonic 7 or 77’ 
chains" at 60 positions, from the adult a” chain*’ at 61 positions 
and from the adult a“ chain’? at 22 positions. Thus it seemed 
that the cloned globin-coding sequence from anaemic chicken 
differs from the structural genes coding for these a-type chains. 
However, we re-examined the data for the œ^ chain because (1) 
amino acid composition data" correspond better to our 
nucleotide-derived sequence than to the published sequence, 
and (2) a comparison of this a” chain with the amino acid 
sequence of the major a-chain component of phylogenetically 
related animals, such as pheasant (see Fig. 3), revealed a rather 
large number of 21 exchanges. 


For this reinvestigation, the native globin of adult chicken was - 


separated by CM-cellulose (CM 52) chromatography’”, and the 
different peaks were further analysed by Triton X-100 poly- 
acrylamide gel electrophoresis'® (Fig. 2). Peak V was identified 
as the major a component, œ^. The relatively small absorbance 
can be explained. by the fact that the a” chains contain no 
tryptophan in contrast to four in the £ chains’’ and one in the a” 
chains!”, The CM elution profiles and the electrophoretic 
patterns of globin chains from mature and immature cells were 
identical (data not shown). Amino acid analysis was performed 
on complete chains, tryptic peptides and the C-terminal frag- 


ment generated by acidic hydrolysis of the Asp—Pro peptide | 


bond!® using a Beckman model 121 C amino acid analyser. The 
chains and peptides were degraded automatically in a Beckman 
890B sequenator or in a, Beckman 890C sequenator with 
programs as reported elsewhere’. The phenylthiohydantoin 
derivatives of the amino acids were identified by TLC and 
HPLC”. . i : 
There were no differences in the peptide patterns, amino acid 
analysis of chains and peptides as well in the sequences of few 
peptides that reportedly differ in œ^ and stress gene products, 


(inset). 


regardless of whether a chains were isolated from mature or 
immature blood cells. Figure 3 shows the sequence, which 
corresponds to that derived from the nucleotides. Moreover, it is 
obviously homologous to the major a-chain component of the 
closely related species pheasant (only five differences at posi- 
tions a@28, 234, «38, 270 and a77), thus supporting the validity 
of our results. Our sequence data differ at 22 amino acid residues 
from that reported more than 10 years ago’*. We are unable to 
identify such a chain in normal or anaemic chicken. 

These findings demonstrate that the cloned sequence actually 
represents the structural gene sequence of the chicken a*- 
globin chain. There is no reason to postulate a specific type of 
a- globin gene which is expressed during anaemic stress’. There 
was also no evidence of such a stress gene when the genomic 
arrangement of the complex a-globin gene family was investi- 
gated’°. Moreover, a direct comparison of œ chains from eryth- 
rocytes of uninduced animals and from polychromatic eryth- 
rocytes of anaemic animals (7 days after first phenylhydrazine 
injection) revealed no differences. Whether anaemia for longer 
periods induces reactivation of embryonic genes similar to that 
found in sheep and goats’ cannot be excluded and remains to be 
elucidated. However, it is clear that the cloned a-globin cDNA 


NO dä 12 3 4 5 6 7 & 9 10 11 12 B 14 15 16 17 38 19 20 21 22 23 
a AACC AUG GUG CUG UCC GCU GCU GAC AAG AAC AAC GUC AAG GGC AUC UUC ACC AAA AUC GCC GGC CAU GCU GAG GAG 
b VAL LEU SER ALA ALA ASP LYS ASN ASN VAL LYS GLY ILE PHE THR LYS ILE ALA GLY HIS ALA GLU GLU 


e VAL LEU SER ALA ALA ASP LYS ASN ASN VAL LYS GLY ILE PHE THR LYS ILE ALA GLY HIS ALA GLU GLU 


24 25 26 27 28 29 30 31 32 33 3% 35 36 37 38 39 40 41 42 43 44 45 46 47 uE 
a UAU 36C GCC GAG ACC CUA GAA AGG AUG UUC ACC ACC UAC CCC CCA ACC AAG ACC UAC ULC CCC CAC UUC GAU CUC 
h TYR GLY ALA GLU THR LEU GLLLARG MET PHE THR THR TYR PRO PRO THR LYS THR TYR PHE PRO WIS PHE ASP. LEL 
e TYR GLY ALA GLU ALA LEU GLU ARG MET PHE TLE THR TYR PRO SEA THR LYS THR TYR PHE PRO HIS PHE ASP LEU 


49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 
a UCA CAC GGC UCC GCU CAA AUC AAG GGG CAC GGC AAG AAG GUA GUG GCU GCC UUG AUC GAG GCU GCC AAC CAC AUU 
h SER HIS GLY SER ALA GLN ILE LYS GLY HIS GLY LYS LYS VAL VAL ALA ALA LEU ILE GLU ALA ALA ASN HIS ILE 
«SER HIS GLY SER ALA GLN ILE LYS GLY HIS GLY LYS LYS VAL VAL ALA ALA LEU ILE GLU ALA VAL ASN HIS ILE 


74 75°76 77 78 79 80 8l 82 83 88 85 86 87 88 89 90 91 “92 93 SH 95 96 97 8 

a GAU GAC AUC GCG GGC ACC CUC UCC AAG CUC AGC GAC CUC CAU GCC CAC AAG CUC CGC GUG GAC CCU GUC AAC VUC 
"oy ASP ASP ILE ALA GLY THR LEU SER LYS LEU SER ASP LEU HIS ALA HIS LYS LEU ARG VAL ASP PRO VAL ASN PHE 
ASP ASP ILE THR GLY THR LEU SER LYS LEU SER ASP LEU HIS ALA KIS LYS LEU ARG VAL ASP PRO VAL ASN PHE 


99 100 103 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118.119 120 121 122 123 
a AAA CUC CUG GGC CAA UGC UUC CUG GUG GUG GUG GCC AUC CAC CAC CCU GCC GCU CUC ACC CCG GAG GUC CAU GCU 
h LYS LEU LEU GLY GLN CYS PHE LEU VAL VAL VAL ALA ILE HIS ‘HIS PRO ALA ALA LEU THR PRO GLU VAL HIS ALA 
e LYS LEU LEU GLY GLN CYS PHE LEU VAL VAL VAL ALA ILE HIS HIS PRO ALA ALA LEU THR PRO GLU VAL HIS ALA 


. 126 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 14] 

u UCC CUG GAC AAG UUC LUG UGC GCC GUG GGC. ACU GUG CUG ACC GCC AAG UAC CGU UAA GACEGCACGGUGGCUAGAGCUGG 
- h SER LEU ASP LYS PHE LEU CYS ALA VAL GLY THR VAL LEU THR ALA LYS TYR ARG 
c SER LEU ASP LYS PRE LEU CYS, ALA VAL GLY THR VAL LEU THR ALA LYS TYR ARG 


a GGCCAACCCAUCECCAGCCCUCCGACAGCGAGCAGCCAAAUGAGAUGAAAUAAAAC UGUUGCALUUGUGCUCCA 


Fig.3 a, Nucleotide sequence of the structural globin gene cloned 

in pa^ HG3 (see Fig. 1); b, amino acid (aa) sequence of chicken 

œ®-globin chain; c, amino acid sequence of the major œ-chain | 
component of pheasant. 
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sequence derived from globin mRNA of phenylhydrazine- 
induced anaemic chicken does not code for a novel type of 
globin chain but for the adult a ĉ-globin chain that is expressed 
in normal chicken. 

Since submission of this work, others*' have reported that 
they were unable to detect an anaemic shock a- globin gene by 
investigation of the genomic a-globin gene family in adult 
chicken. 

We thank Professor H. Tiedemann for his continuous interest 
and generous support, and acknowledge the technical assistance 
of Miss E. Muller. 
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Univalent antibodies kill 
tumour cells in vitro and in vivo 
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Antibody molecules are bivalent, or less often multivalent, with 
each antibody site within a single molecule having the same 
specificity. Bivalency must enhance the tenacity of antibody 
attachment to cell surfaces, as dissociation will require simul- 
taneous release at both sites. However, the bivalency of the 
antibody sometimes induces a target cell to undergo antigenic 
modulation’~’, thereby offering the cell a means of evading 
complement and the various effector cells recruited by the 
antibody. We have investigated the attack by univalent anti- 
bodies, which, despite removal of one antibody site, retain their 
Fc zones and hence their ability to recruit the killing agents, on 
neoplastic B lymphocytes of the guinea pig L,C line. Rabbit 
antibodies raised against surface immunoglobulin of these cells 
were partially digested with papain to yield the univalent Fab/c 
derivatives**. We report here that these derivatives showed 
enhanced cell killing both in vitro and in vivo, and that this 
enhancement appeared to derive from avoiding antigenic 
modulation. 

The LC lymphocytic leukaemia arose spontaneously around 
the year 1950 in a female guinea pig of the inbred strain 2, and 
has since been maintained by passaging in vivo; the line main- 
tained in our laboratory was obtained in 1972 from Drs I. Green 
and E. Shevach (NIH). Blood from near-terminal animals was 
obtained by cardiac puncture and yielded L,C preparations“ of 
>95% viability with <2% contaminating leukocytes. The cells 
are lymphoblastic and exhibit surface immunoglobulin M (IgM), 
~50,000 molecules per cell, of light chain class A’. 





* Present address: ARC Institute of Animal Physiology, Babraham, Cambridge CB2 4AT, UK. 
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Fig. 1 Preparation of Fab/c from rabbit IgG antibody. The A12 
allotypic variant of IgG”, apparentiy more common than the 
allelic A11, possesses a threonine residue on each heavy chain 
immediately N-terminal to the hinge-region disulphide, An oli- 
gosaccharide unit © is attached to the threonine, but on one chain 
only, rendering this chain relatively resistant to enzymatic cleavage 
in the vicinity’. The chain lacking the oligosaccharide unit is 
cleaved as shown by brief exposure to papain, yielding the Fab/c 
fragment. 





Here we used two IgG antibodies raised in rabbits to study 
attack on LC cells. Antibody reacting with constant deter- 
minants on the A chain of L,C surface immunoglobulin (anti-A) 
was used for studies in vitro, the antibody was raised against 
serum F(ab’). yA and prepared as pure IgG antibody by elution 
from A chains coupled to immunosorbent”. Antibody specific for 
idiotypic determinants of the surface immunoglobulin (anti-Id) 
was used for studies in vitro and, because it is effectively tumour 
specific, for therapy in vivo’. It was raised against Fab u isolated 
from the surface IgM’, rendered specific for idiotypic deter- 
minants by absorption with guinea pig normal immunoglobulin, 
and used in the form of total IgG isolated from the absorbed 
antiserum. 

The Fab/c derivatives of anti-A and anti-Id, in which the 
antibody molecule is rendered univalent by removal of just one 
Fab arm*” (Fig. 1), were prepared by digesting IgG antibody 
with thiol-free papain (0.8 mg ml™') at 37°C for 4h, pH 7.4. 
The products of digestion were fractionated by recycling 
chromatography on Ultrogel AcA44. To remove any 
contaminating F(ab’), the Fab/c was purified further by elution 
from an anti-Fc immunosorbent. In subsequent work we have 
used more limited exposure to papain (0.01 mg ml!“ at 37 °C for 
30 min) in the presence of dithiothreitol (1 mM), and have been 
able to omit the immunosorptive step; after removing the thiol 
the hinge-region disulphide of Fab/c, possibly required for 
efficient activation of complement'*"', can re-form by oxida- 
tion. Fab/c emerged from AcA44 columns in a zone cor- 
responding to a molecular weight of ~100,000, and was 
obtained with a yield of 10-20% of the starting IgG. It was 
shown by precipitin analysis on Ouchterlony plates to possess 
both Fab and Fc determinants; and by gel chromatography of 
reduced material in 1 M propionic acid to comprise one light 
chain, one heavy chain and one-half of a heavy chain. 

Previous work* has shown that both anti-A and anti-Id induce 
rapid antigenic modulation in vitro: exposure of the L.C cells to 
antibody at 37 °C for 2 min or longer confers resistance to lysis 
when they are subsequently exposed to antibody plus comple- 
ment. In contrast to an earlier report describing the mouse TL 
system’, bivalency of the antibody was found to be essential for 
induction of this modulation. It seems therefore that the redis- 
tribution of cell surface immunoglobulin induced when it is 
tethered by bivalent antibody—leading to patching, capping and 
endocytosis of the antigen-antibody complexes'*—underlies 
the modulation of this antigen, although the extent of redistri- 
bution required is not clear. 
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Fab/c derivatives of both anti-A and anti-Id were shown by 
_ indirect immunofluorescence to bind to the surfaces of L,C cells. 
However, in contrast to the parent antibodies, there was no 
tendency for the Fab/c to undergo redistribution and endocy- 
tosis when attached to viable cells incubated at 37 °C for 30 min: 
subsequent staining by fluorescein-labelled sheep anti-rabbit 
IgG at 0 °C showed the Fab/c to be distributed uniformly over 
the cell surfaces. 

The Fab/c derivatives retained the ability to invoke comple- 
ment-mediated lysis of target cells, whether by guinea pig or 
rabbit complement. Moreover they showed no tendency to 
. induce antigenic modulation. Figure 2a, b shows the levels of 
cytotoxicity induced by IgG and Fab/c of anti-A specificity for a 
range of concentrations. Preincubation at 37 °C with the IgG, 
but not with the Fab/c, induced modulation. Note also that 
Fab/c induced higher levels of cytotoxicity than IgG even in 
experiments lacking the modulating preincubation. This 
difference was more marked when guinea pig comlement was 
used, and is consistent with other evidence? that some modula- 
tion can occur when cells are confronted simultaneously by IgG 
antibody and complement at 37 °C. 

The findings using IgG and Fab/c from anti-Id (Fig. 2c, d) 
were similar. However, note that modulation by the IgG for 
rabbit complement was less effective than in the case of anti-A; 
that IgG antibody titred out further for rabbit complement than 
did Fab/c; and that the superiority of Fab/c over IgG for lysis by 
guinea pig complement was again apparent. 

The therapeutic efficacies. of IgG and Fab/c from anti-Id 
serum were assessed by inoculating strain 2 guinea pigs with L2C 
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Fig.2` Complement lysis of L2C cells invoked by Fab/c (O, D) or 
IgG (@, E) from purified anti-A (a, b) or anti-Id serum (c, d). 
_ Complement was from rabbit (a, c) or strain 2 guinea pig (b, d). 
_ First the cells were labelled with °>'Cr and washed. To permit 
modulation they were incubated at 5x 10° ml’ with antibody 
derivatives at the indicated concentrations at 37°C for 15 min 
(O, @); control incubations were at 0°C (O, W). All suspensions 
were placed in an ice bath; 1.5 vol of a 1:2 dilution of fresh serum 
was added as a source of complement, and the temperature was 
raised to 37 °C for 30 min to promote complement activity. Finally 
the suspensions were chilled and the supernatants separated 
- for assay of released 51Cr. Methods are described in detail in 
ref. 19. 
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Fig. 3 Immunotherapy with Fab/c or IgG from anti-Id serum. 
Groups of guinea pigs were inoculated intraperitoneally (i.p.) with 
10° L,C cells (day 0). After 24 h they were injected i.p. with 10 mg 
IgG from normal sheep serum (6 animals), 10 mg IgG from anti-Id 
serum (7 animals), or 10 mg Fab/c derivative of the anti-Id IgG (7 
animals). Animals treated with IgG (anti-Id) survived longer than 
those treated with IgG (normal), as did those treated with Fab/c 
(anti-Id) compared with IgG (a anti- Id)- treated animals (P < 0.005, 
x test?’). 


leukaemia, then injecting them once with the test substance 24 h 
later, and observing survival (Fig. 3). Our tumour line has a 
doubling time in vivo of ~19h, thus a simple kinetic model 
suggests that 50% killing of the.tumour will prolong life by this - 
time period. The complexity of events occurring in vivo intro- 
duces considerable uncertainty, but evidently the greater the cell 
kill from a single therapeutic event, the greater the subsequent 
average survival, with the duration of survival permitting.some 
tentative inferences about the extent-of killing. By increasing 
average survival by 10 days Fab/c was much more effective than 
the parent IgG (3.2 days), and in fact much more effective than 
any of our previous attempts at antibody therapy. 

We have not yet defined the relative involvements of the 
classical and alternative complement pathways in the cell lysis 
invoked by IgG and Fab/c. Activation of the classical pathway 
by Fab/c would be further evidence against the possibility that 
steric changes in the IgG molecule consequent on both Fab arms 
being engaged are necessary for the binding and activation of 
complement component 1 (C1) (reviewed in ref. 14). The alter- 
native pathway acts as an amplifier after activation of. the 
classical pathway, and apparently acts independently in the lysis 
of certain virus-infected cells by antibody and complement”. 
The fact that bivalent antibody was required in the latter studies 
makes it unlikely that Fab/c invokes a similar mechanism. 

The clear superiority of Fab/c over IgG antibody in invoking 
lysis by homologous (guinea pig) complement confirms the 
importance of antibody bivalency in permitting mammalian cells 
to escape from antibody-mediated destruction. Eluding this 
escape mechanism appears to offer a surprisingly simple means 
of enhancing the attack of antibodies on tumour cells. We are 
now evaluating Fab/c and similar derivatives of anti-idiotype 
antibody in. the treatment of human chronic lymphocytic leu- 
kaemia, where the cells show some susceptibility to cytotoxic 
atack by anti-idiotype IgG’®. 

This work was supported by the Cancer Research Campaign, 
the-MRC and Tenovus. 
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The concept of specific functional elements in genes comprising 
localized or transient structural discontinuities, such as Z-DNA 
or cruciforms, is becoming increasingly plausible’. Cruciforms 
were first detected as supercoil-dependent single-strand 
nuclease (S,)-sensitive sites characterized by hyphenated 
inverted repeat DNA sequences*”. Here I describe examples of 
a novel type of S, nuclease site found in a sea urchin histone gene 
repeat and characterized by homocopolymer sequences. 
Endonucleolytic cleavage within these sequences does not 
depend on supercoiling, is highly sensitive to the salt concen- 
tration and shows a reproducible pattern of maxima and 
minima. This type of S, sensitivity may reflect the potential for 
out-of-register DNA slippage in such sequences and I speculate 
that related slippage events in vivo could lead to their acting as 
foci for recombinational events. 

Recombinant plasmids containing either one copy of the 6.25 
kilobase (kb) Psammechinus miliaris histone gene repeat h22 
(refs 7, 8) inserted in the HindIII site of PBR322 (ref. 9: 
pBRh22/3), or a head-to-tail dimer of the repeat (pBRh22/4) 
similarly inserted, were digested with low levels of the single- 
strand-specific endonuclease’ S, in conditions which linearized 
supercoiled pBR322 alone*’. Surprisingly these plasmids were 
not only linearized but yielded discrete excision products 
indicating the presence of at least one supercoil-independent S, 
site (Fig. 1 a, b). In addition, the pattern of excision products 
bore no relation to A + T-rich stretches or inverted repeats in the 
DNA sequence, Previous studies have only detected specific S, 
sites in ‘duplex’ DNA, either at inverted repeats in supercoiled 
molecules’, or in conditions which partially denature A +T- 
rich regions (for reviews, see refs 5, 6). 

At the S, nuclease concentration used (see Fig. 1 legend), 
there was little background smear from random cleavage at 
A+T-rich regions but only ‘partials’ of the specific cleavage 
reactions were produced. It is nevertheless clear that whether 
one or two copies of the histone gene repeat is present, a 1.6 kb 
fragment is always excised. A 6.25 kb repeat length fragment 
and a 4.6 kb fragment (which together with the 1.65 kb fragment 
sums to the repeat length) appear only with the dimer insert (Fig. 
la). These results are consistent with the presence of only two 
major S, sites in the histone repeat sequence, 1.65 kb apart. 
Furthermore, as no excision products resulted from identical S, 
digestion of a ‘mutant’ plasmid lacking the Hpal fragment 
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Fig. 1 
agarose gel electrophoresis; a, pBRh22/4, a recombinant contain- 
ing a head-to-tail dimer of the 6.25 kb HindII]-cut histone repeat 
h22’, inserted into the HindIII site of pBR322°; b, pBRh22/3, 
identical to pBRh22/4 but with only one histone repeat; c, a 
derivative of pBRh22/3 lacking the Hpal fragment indicated by a 


Effect of S, nuclease on four plasmids analysed by 1% 


thick line in Fig. 2c; d, pBR322. Lanes marked M are 
A/ HindIII / EcoRI size markers*”. Other lanes are time points of S, 
nuclease digestion (lanes 1-8, respectively, 0, 2,4, 8, 16. 32.64 and 
132 min). S, nuclease, prepared according to Vogt'”, was used ata 
concentration of 50 Vogt units per ml in 30 mM NaAc pH 4.6, 
30mM NaCl, 1 mM ZnCl! at 37°C. Electrophoresis buffer was 
100mM Na/glycine pH 8.5 containing 0.5 pg ml ! ethidium 
bromide for UV photography’ ’. For the smaller plasmids (c, d), the 
supercoiled (S), relaxed or nicked (R) and linear (L) forms are 
indicated. Sizes are in kb. 


spanning the H2A coding region and the H2A-H1 spacer (Fig. 
lc and map in Fig. 2), one of the sites was tentatively located 
within this region of the histone gene repeat. The mutant 
plasmid was linearized at the second histone repeat site faster 
than pBR322 alone (Fig. 1d; mapping data not shown). 

To locate exactly the two major S, sites on h22, S,-cut 
PBRh22/3 and pBRh22/4 were secondarily restricted with 
several enzymes. These double digests mapped the S, sites in the 
spacers flanking the H1 gene. As anticipated, one of the sites lay 
within the Hpal fragment and the other 1.65 kb downstream 
(see map in Fig. 2); this was confirmed by purifying the 1.65 kb 
S; excision product and restricting it with either BamHI, yield- 
ing 900 and 759 base pair (bp) fragments, or Ball, yielding 850 
and 800 bp fragments (Fig. 2a). These fragments are less clearly 
defined on the gel than the marker restriction fragments, 
Suggesting that the S, cut ends are heterogeneous. Such hetero- 
geneity is perhaps not surprising because the DNA sequences 
to which they map comprise the simple repeat motifs 
5'(CA)10(CT)22 [site S, (a) in Fig. 2; P. Bucher, unpublished 
results] and 5'(GA)16 [site S,(b) in Fig. 2; ref. 7]. The S;(b) site is 
so close to the HindIII site downstream of the H1 gene (Fig. 2c) 
that when the HindII]-excised repeat is S,-cleaved again, cut- 
ting at this site is not easily discernible, although it does take 
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place at a significant level (data not shown). However, partial 
cleavage at the S,(a) site within this linear molecule is easily 
demonstrable and results in the production of 1.75 and 4.5 kb 
fragments (Fig. 24). Thus cutting at either S,(a) or (b) does not 
strictly depend on supercoiling, although an effect on the cutting 
rate has not been excluded. Moreover the larger S,(a) site seems 
to be inherently more S, sensitive, at least in linear molecules 
(Fig. 26 and data not shown). 

The observation that the homocopolymers flanking the H1 
gene constitute novel S,-sensitive sites prompted an examina- 
tion of the possible mechanism involved. Because the S, activity 
is independent of DNA supercoiling, models based on the 
formation of unpaired regions in structures such as 
cruciforms® ~, stabilized by torsional stresses, can be excluded. 
Moreover, unlike supercoil-dependent S, sites’, the S, cleavage 
at the homocopolymers is highly sensitive to salt concentration: 
excision of the 1.65 kb fragment is strongly inhibited at 120 mM 
Na’, close to the optimum salt conditions for S, activity, and is 
all but abolished at 300 mM, a concentration at which most of 
the intrinsic S, activity still remains'”'' (Fig. 3). As duplex 
stability is directly proportional to the logarithm of total salt 
concentration’, this result strongly implies that the S, sensitivity 
of the homocopolymers reflects a pre-melting phenomenon 
specifically associated with such simple repeated sequences’. 

A possible explanation, based on studies with pure homoco- 
polymer preparations’’, is out-of-register DNA slippage with 
the production of single-strand loops flanking the slipped seg- 
ment. Such structures would be expected to exist transiently. 
This notion is supported by examination of the distribution of 
nucleolytic cleavage within the homocopolymer sequences. For 
Fig. 4a, S,-cut, **P-end-labelled pBRh22/4 was secondarily 
cleaved either with BamHI (as a control to establish that label 
was incorporated in the anticipated 900 and 750 base fragments 
adjacent to the two S, sites; lane 1), or with the frequent cutting 
enzymes Haelll (lane 2), Alul (lane 3) or Taql (lane 4). The 
fragments were displayed on a sequencing gel and autoradio- 
graphic examination of the gel reveals the double digestion 
products expected from the S, site map (Fig. 2c) and the 
restriction map’. Note that the gel fails to resolve the terminal 
heterogeneity of the S,-cleaved ends of the larger fragment but 
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Fig. 2 Restriction enzyme mapping of S, cleavage sites. a: Lane 
l, purified 1.65 kb S, excision fragment; 2, BamHI restriction 
products of the 1.65 kb fragment; 3, Bg/l restriction products of the 
1.65 kb fragment. b: Partial cleavage of HindIII repeat of h22 with 
S, nuclease using the conditions described in Fig. 1 legend with 
digestion for 1 h. The electrophoretic analyses were as for Fig. 1 
except that for a, 2% agarose was used. c Is a map of the h22 repeat 
showing the deduced S1 site map relative to the restriction map . 

















Fig. 3 Salt sensitivity of S, cleavage. pBh22/3 was digested with 

S, for 32 min with conditions and electrophoretic analysis as for 

Fig. 1 except that the NaCl concentration was adjusted to bring the 

total Na” concentration to the values indicated. The degree of S, 

cleavage can be judged by the production of the 1.65 kb excision 
product. 


the smaller (<200 bp) fragments are clearly resolved in a 
manner reflecting the nucleolytic cleavage pattern within the 
homocopolymers. Thus for the S,(b) site, this pattern is bimodal 
and cutting is largely restricted to within a stretch of ~20 
nucleotides (bracketed in Fig. 4). Figure 4c shows the sequence 
around S,(b) with the relevant restriction sites and the deduced 
pattern of S, cleavage within the 5’‘(GA)16 motif. Thus, for 
example, Taql restriction (Fig. 4a, lane 4) produces only one 
group of small terminal fragments (65-85 bases long), which can 
be seen to map from the Taq] site (W; Fig. 4c); similarly the Alul 
site (@) maps the 95-115 base fragments. In fact all the bands 
shown in Fig. 4a can be mapped from an appropriate restriction 
site to either S,(b) or S,(a), although in the latter case the 
fragments are generally larger due to the paucity of restriction 
sites in the H2A-H1 spacer’ (sequence not shown). 

A bimodal cleavage pattern would be expected from a single 
predominant type of DNA slip as this creates two single-strand 
loops adjacent to the slip, each a potential S, target. This seems 
to be compatible with the S,(b) pattern where the site comprises 
a simple homocopolymer. The cleavage fragments mapping to 
the S,(a) site show a more complex pattern, approximately 
trimodal with a predominant central cleavage region covering 
~40 nucleotides (flanked by a wavy line in Fig. 4). This greater 
length and complexity may be a time-averaged reflection of the 
many slipping modes possible within a long dual homoco- 
polymer such as the S,(a) site (5'(CA)10(CT)22). Figure 45 
illustrates an alternative ‘fine mapping’ strategy. The purified 
1.65 kb S,-excised fragment was “P-end-labelled and the 
derived BamHI fragments (Fig. 2a) subjected to total chemical 
cleavage at either pyrimidine (lanes 1, 3) or purine (lanes 2, 4) 
nucleotides. Since the 5’-end-label lies almost exclusively in C-T 
runs for both BamHI fragments, pyrimidine cleavage yielded no 
oligonucleotides when analysed on a 20% acrylamide gel (Fig. 
4h. lanes 1, 3). In contrast, purinolysis mapped the S, cleavage 
pattern from neighbouring purine nucleotides (Fig. 45, lanes 
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2, 4). Figure 46 reproduces almost exactly the complex multi- 
modal pattern previously seen for the S,(a) site extending over 
about 40 nucleotides, and the bimodal pattern for S,(b) extend- 
ing Over about 20 nucleotides (cf. Fig. 4a). Note also that these 
map identically on the sequence (the purines from which to map 
the S,(b) pattern are complementary to the 5’TT in Fig. 4c). 
Whatever the physical basis for the S, nuclease sensitivity of 
the homocopolymers flanking the H1 gene of the h22 histone 
gene repeat, it is tempting to speculate about the possible 
biological significance of the localized DNA unpairing implied 
by these results. Homocopolymer sequences are found not only 





S4 (b) 
5° TTAGAGGAAGG AGAGAGAGAGAGHEMRCNGAGHGNGRGA AGGGGGGG 
GGGGAGGGAGAATTGCCCAAAACACTGTAAATGTAGCGTTAATGAACTTT 
TCATCTCATCGACTGCGCGTGTATAAGGATGATTATAAGCTITITITCAA 
TTTACAGGCACTACGTTACATTCAAATCCAATCAATCATTTGAATCACCG 
TCGCAAAAGGCAGATGTAAACTGTCAAGTTGTCAGATTGTGTGCGCGGCC 3” 


Fig. 4 Fine mapping of nucleolytic cleavage sites. a: Autoradio- 
graph of 8% acrylamide/urea gel?" of fragments derived by 
secondarily cutting $,-digested 5' **P-end-labelled pBh22/4 (ref. 
14) with the following enzymes: lane 1, BamHI; lane 2, Haelll: 
lane 3, Alul; lane 4, Taql. The size marker (in bp; M) isa Hpall-cut 
derivative of pBR322 (ref. 29). Note that in these experiments 
there are eight labelled ends which would be expected to yield four 
predominant labelled fragments assuming that nearly all the initial 
S, cleavage occurred as indicated in Fig. 2. Thus BamHI should 
yield fragments 750 and 900 bases long (barely resolved in lane 1) 
and 2.1 and 2.3 kb (not resolved: see Fig. 2c). All the radioactivity 
is in the expected region of the gel and the sizes were confirmed on 
an agarose gel (not shown); most important, however, no 
‘unexpected’ low molecular weight fragments are present, thus the 
heterogeneous bands in lanes 2-4 must derive from the anticipated 
double digestions. The heterogeneous fragments derived from 
cleavage at S,(b) are shown bracketed, while those from S,(a) are 
flanked by a wavy line. c Shows the sequence for the S,(b) site in 50 
base blocks with the relevant restriction sites (for Taql, Alul 
Haelll) and the deduced regions of maximal cleavage indicated by 
overlining. b Shows an alternative ‘fine mapping’ strategy. An 
aliquot of the same purified 1.65 kb fragment shown in Fig. 2a was 
5’ *P-end-labelled'*, and the derived BamHI fragments (Fig. 2a, 
lane 2) purified. Each fragment was divided into two aliquots which 
were either totally hydrolysed at purine nucleotides with formic 
acid/diphenylamine reagent (lanes 2, 4) or at pyrimidine nucleo- 
tides by hydrazinolysis (lanes 1, 3), and then purified as for 
sequencing reactions'*. The purified products were analysed by 
autoradiography following electrophoresis on a 20% acryl- 
amide/urea gel’*. The products from the 900 bp fragment map- 
ping the S, (a) sites are in lanes 1 and 2, while those from the 750 bp 
fragment mapping the S,(b) site are in lanes 3 and 4. Size marker 
as in a. 


in the h22 repeat, but also adjacent to histone genes in several 
species (not necessarily the H1 gene)*, the sequence 5'(CA)31 
has been found ~300 bases downstream of the coding sequence 
of two immunoglobulin genes’*, and 5'(TG)17 has recently been 
found in an evolutionarily conserved repeat family in, for 
example, the ‘spacer’ separating the human ŝ- and B-globin 
genes'®, 

The homocopolymer sequences of the histone genes are 
located in spacer regions not known to have a direct effect on the 
expression of the genes*, but which have been strongly impli- 
cated in evolutionary behaviour'’, Although histone genes are 
usually clustered or tandemly repeated, the copy number, order 
and polarity of the genes vary widely between species and, in 
some cases, even within a single genome. Where the copy 
number is high, as in sea urchins or Drosophila, tandem repeti- 
tion is the norm but escaped ‘orphon’ histone genes arise with a 
high frequency’*. Subtypes of H1 genes arise at a particularly 
high frequency (see reviews in refs 8, 17, 19, 20, 13-15 and refs 
therein). All these facts suggest that mechanisms exist which 
allow occasional histone genes (and in particular H1 genes) to 
transpose, replicate and diverge independently. Could in vivo 
excision events at homocopolymers be involved in such 
mechanisms? 

The rectification mechanism maintaining the homogeneity of 
tandemly repeated histone genes may also involve the homo- 
copolymers because they could provide foci for unequal cross- 
Over or gene conversion events'’. Although the exact nature of 
such recombinations is unknown, they would probably be facili- 
tated by a potential for localized unpairing in these sequences. 
Moreover, the possibility that such unpairing reflects DNA 
slippage and that similar slippage may occur in vivo is supported 
by the fact that several biological phenomena are best explained 
by this mechanism: frequent frameshift mutations in the T4 
lysozyme gene*', mutational hotspots in the Lacl gene of 
Escherichia coli** and small deletions in human globin genes”, 
In addition, other specific recombinational events, such as glo- 
bin gene conversion™ or immunoglobulin class switching’, are 
also thought to occur at simple repeated sequences. All these 
events could be related to a fundamental tendency for DNA 
slippage at such sequences. 

I thank Professor Max Birnstiel for initially suggesting the 
DNA slippage mechanism, Bill Folk and Mary Bendig for 
discussion and critical reading of the manuscript, and Fritz 
Ochsenbein, Bonnie Bryan and Jackie Hardwick for help in its 
preparation. This work was supported by a grant from the State 
of Zurich and by Swiss NRF grant 3/257,077. 
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Magma chamber profiles from 
Bay of Islands 
ophiolite complex 


CASEY and Karson’ have presented a 
model for the shape and size of magma 
chambers underlying mid-ocean ridges, 
based on observations of the Bay of 
Islands ophiolite They show that igneous 
layering ın rocks of the plutonic complex 1s 
oriented up to 90° oblique to the palin- 
spastic horizontal, and they use this, and 
other evidence, to infer that nucleation 
and growth of crystals occurred in situ on 
the chamber walls, without the need for 
settling of crystals 

The magma chamber model of Casey 
and Karson (Figs 4 and 5 of ref 1) shows a 
curious, unexplained and yet crucial fea- 
ture, namely that while ultramafic rocks 
were forming along the sides of the 
chamber near its base, mafic rocks were 
forming along the sides at higher levels 
Neither the effect of pressure nor that of 
volatile content on crystallization of the 
magma can be responsible for this 
difference If the ultramafic and the mafic 
rocks indeed formed in the same magma 
chamber, and if Casey and Karson are 
correct in saying that crystallization 
occurred only along the chamber walls, 
then the magma must have been stratified, 
with more mafic magma lying below less 
mafic magma, the ‘Unit 2’ rocks of the 
plutonic complex (interlayered mafic and 
ultramafic rocks) would then represent the 
junction between the two magma types, 
that is a zone of mixing 

This inference that the magma was 
compositionally stratified agrees with that 
reached by Sparks et al? on the basis of 
the density variation in mid-ocean-ridge 
basalts 
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CASEY AND KARSON - REPLY— 
Donaldson’s comment that we have 
inferred the existence of chemical 
heterogeneity along the margin of the 
magma chamber which formed the plu- 
tonic complex of the Bay of Islands 
Ophiolite ıs perhaps an understatement 
We categorically stated that “the lack of 
lateral continuity of the fine-scale layering 
must be interpreted as the result of fairly 
significant changes ın physico-chemical 
conditions on a scale approximated by 
the lateral continuity of the layering 
(~=50m)” We also stated that “sig- 


nificant chemical zonation in the magma 
chamber” was reflected by the fact “that 
fine scale igneous layers (which define 1so- 
chronous planes) strike obliquely across 
the contacts between major lithologic 
subdivisions of the plutonic section” 
Donaldson has also suggested that this 
interpretation of chemic:” zonation 1s 
consistent with the work of Sparks et al’ 
(and presumably Huppert and Sparks? *) 
He has further postulated that the tran- 
sition zone (‘Unit 2’) of the plutonic 
complex can be interpreted as a mixing 
zone between two distinct magma types 
Certainly, Sparks and his co-workers have 
clearly shown the weaknesses inherent ın 
the arguments which lead to the emphatic 
statements that mafic magma chambers 
cannot become chemically zoned because 
of continuous convective overturn Based 
on the extent of lateral continuity of layer- 
ing throughout the plutonic complex and 
other factors treated ın the original paper, 
however, we do not believe that one can 
simply categorize two magma types The 
overall chemical and mineralogical zona- 
tion of the crystallization products within 
the plutonic complex seems to span the 
entire thickness of the plutonic section 
Previous geochemical studies% and 
unpublished data collected by us indicate 
that there 1s no sharp break in mineral 
compositions identified at the transition 
zone These data seem to indicate that at 
any single time, the margin of the chamber 
was ın contact with magma of numerous 
and highly variable compositions The 
compositional range seems to depend on 
stratigraphic height within the plutonic 
section The transition zone simply marks 
the first appearance of plagioclase as a 
major phase within the plutonic section 
Detailed mineral chemustry studies by 
our group will attempt to characterize the 
scale and degree of chemical variations 
elong a single magma chamber profile 
Until such time, however, 1t 1s premature 
to suggest a simple model having just two 
magma types and a single mixing zone 
The chamber could be multiply stratified 
on a fine scale and consist of multiple 
mixing zones that need not have a steady- 
state position within the chamber The 
dimension of the chamber might also be 
conducive to local chaotic and laterally 
discontinuous chemical - stratification 
These possibilities have not yet been 
tested by Sparks and co-workers because 
they have initiated their studies using 
simple two l:quid models It 1s also not 
clear that pressure and volatile content of 
the magma should be overlooked or dis- 
carded as a possible cause for at least part 
of the chemical and mineralogical zona- 
tion unti! further work, especially trace 
element and isotopic studies, has been 
completed At present there 1s little evi- 
dence to substantiate Donaldson’s 
simplistic model of just two magma types, 


field and geochemical evidence seems to 
favour a more complex multiple stratified 
model 
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K“ depletion 
and Na* pump density 


Ir has been shown’ that the skeletal 
muscles of K*-depleted rats lose large 
quantities of K*, gain Na*, and many 
have fewer ouabain binding sites than 
normal, this is in contrast to the findings of 
Chan and Sanslone* and Erdman, Bolte 
and Luderitz’ for red blood cells (RBCs) 
and heart muscle, respectively, of K*- 
depleted rats and in cultured human cells 
grown ın low-K* medium*° 

In our original experiments we showed* 
that more pumps were produced ın cells 
when the internal Na* concentration 
([Na‘],) was allowed to rise to 20-60 mM, 
with a corresponding drop in [K*], In 
recent experiments we have found that 
very large increases in [Nal], (and cor- 
respondingly large reductions in [K*],) 
lead to a large loss of ouabain binding sites 
and transport capacity in HeLa cells 
(Table 1) These losses in ouabain binding 
sites are preater than can be accounted for 
by cessation of the normal insertion rate 
of new pumps (15% h7')® and imply 
that an accelerated removal of pumps ıs 
occurring 

Our results show that HeLa cells can be 
made to produce either a greater or lesser 
density of pumps than normal, apparently 
depending on the ion concentrations 
within the cells, they therefore mimic 
RBCs and heart or skeletal muscles of 
K*-depleted rats We suspect that two 
processes are occurring (1) as [Na], rises, 
the rate of msertion of new pumps 
increases, and (2) if [K], falls below a 
critical level, the synthesis of new pumps 
stops (because K* ıs required as a co- 
factor by most enzymes”) and pumps are 
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Table 1 Effect of changes ın extracellular K* on the intracellular Na* and K* concentrations and 
on the specific ouabain binding of HeLa cells 
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[K]o [Na], 

Expt (mmol per 1 H20) 
Ref 4 04306 24 
1 01303 70 
2 02304 87 
1 01-02 111 
3 02 303 97 
4 0 04>? 165 


removed from the membrane (by affecting 
the anchoring process?) 

It 1s possible that the mechanism 
controlling the density of Na” pumps in 
skeletal muscle 1s no different from that in 
other cells, but that the 10n concentrations 
achieved by any reduction of serum [K*] 
differ This could be investigated further 
by looking at the’effects of smaller reduc- 
tions of serum [K*] on the ouabain bind- 
ing and (Na* +K*)ATPase of rat skeletal 
muscle 

Control cells had a [Na], of 16 mmol 17! 
and a [K], of 179 mmoll`’ The [Kj 
values are the initial and final values 
(where measured) 
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NØRGAARD ET AL REPLY—Our 
observation that K*-depletion in mice and 
rats leads to a progressive decrease ın the 
number of *H-ouabain binding sites in 
skeletal muscle’, does not agree with the 
results of previous investigators, who 
found that K* depletion increases (Na* + 
K*)ATPase and the number of °H- 
ouabain binding sites in erythrocytes? ? as 
well as (Na*+K*)ATPase activity in 
guinea pig hearts*° Our observation that 
erythrocytes of K*-depleted rats maintain 
normal K*-contents even after weeks of 
exposure to the low plasma K* values 
agrees with the existence of a compen- 
satory rise ın their number of (Nat+ 
K*)ATPase units The reported measure- 
ments*° of (Na*+K*)ATPase activity in 
hearts used a sediment obtained by cen- 
trifugation of homogenates, and as this 
may contain only a minor fraction of the 
total (Na*+K*)ATPase activity present 
in the starting material (for discussion, see 
ref 6), the results depend on the recovery 


[K], Specific ouabain binding 
as % of control 
145 159 
122 136 
122 96 
35 83 
46 55 
50 17 


being the same for hearts from normal 
and K*-depleted animals 

To explore this problem further, we 
have recently measured the binding of 
*H-ouabain to rat heart ventricles ın vivo 
In the controls we found 276+ 
8pmolperg wet wt, and 157+ 
18 pmol perg in the K*-depleted rats 
(P<0001) This decrease (43%) ıs 
smaller than that found ın skeletal muscle, 
which agrees with the observation that the 
loss of K* was not so pronounced ın the 
heart Measurements of the °H activity in 
the plasma after intraperitoneal injection 
of *H-ouabain gave 77% higher values in 
the K*-depleted rats than ın the controls 
This also suggests that the peripheral 
binding capacity for *H-ouabain ıs 
reduced and that in the K*-depleted state 
the heart may be exposed to a higher 
concentration of digitalis glycosides 

At variance with the results obtained 
using HeLa cells’, even modest K* loss 
(and a corresponding rise ın intracellular 
Na’) 1s associated with a decrease 1n the 
number of *H-ouabain binding sites in rat 
skeletal muscle. (see Figs 1, 2 of ref 1) 
This suggests that the synthesis of new 
(Na*+K*)ATPase units has ceased, and 
we are now investigating the possibility 
that this results from a general impairment 
of enzyme activity or protein synthesis 

Despite our original expectations, we 
have been unable to detect any rise ın the 
number of *H-ouabain binding sites ın the 
muscles of K*-depleted mice or rats It 
seems that skeletal and heart muscle cells 
differ from cultured cells, perhaps due to 
central regulatory mechanisms triggered 
by the drop in plasma K* seen a few days 
after the onset of the K*-depleting 
regime The decreased capacity for active 
Na*+K* transport in muscle may prevent 
any further reduction in plasma K* and 
delay the development of the muscle 
paralysis which is the final outcome of 
prolonged K* depletion 
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The active radio 
galaxy 1413+135 


BEICHMAN et al’ and Bregman et al? 
present interesting IR and high-frequency 
radio (4 8-14 5 GHz) results on 1413+ 
135 The latter also give an optical spec- 
trum which suggests that ıt ıs a galaxy of 
redshift z =0 26, no emission features 
were seen Curiously Beichman et al’ 
imply that it was an ‘empty field’ until 
discovered as an IR source by Rieke et 
al 

The radio source was identified by 
Hoskins et al * with a 20 mag galaxy on the 
Palomar Sky Survey, and a finding chart 
was given The identification was based on 
408-MHz measurements at Molonglo 
Condon et al° obtained an accurate radio 
position which agrees to 1 arcs with the 
optical position of Hoskins et al* This 
confirmed the identification but as Breg- 
man et al* point out, the finding chart of 
Condon et al” 1s faulty Their positional 
offsets are also misleading Bregman 
etal? reconfirm the identification of 
Hoskins et al * but mistakenly refer to this 
as a ‘PKS identification’ 

A radio spectrum covering the range 
178-2,695 MHz ıs given by Murdoch and 
Hoskins® The low-frequency spectrum 
peaks at 3Jy at ~300 MHz falling to 
19Jy at 178 MHz and 067Jy at 
2,695 MHz (in 1971) Bregman et al? 
report a strong and variable rise at 
4 8 GHz and above and Beichman et al? 
Show that the intensity peaks at 
~100 GHz In addition to the highly 
compact component implied by these 
results, there ıs evidently a moderately 
compact component shown by the low- 
frequency radio data The overall radio 
spectrum 1s quite typical of BL Lac objects 
and highly variable QSOs The object 
would appear to be a galaxy with a BL Lac 
object ın 1ts nucleus 
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BOOK REVIEWS 





The ontogeny of phylogeh 


PUBLICATION 18 an unnatural event in the 
life of a scientific theory Prior to 
publishing, a scientist can work 1n relative 
privacy, changing his views as he sees fit 
After publication, however, the process 1s 
made more difficult by the critical stare of 
the scientific community Darwin worked 
on his theory of biological evolution from 
1837 until his death 45 years later 
Historians have charted his intellectual 
voyage month by month, sometimes day by 
day — the Beagle, his decision to develop a 
theory of transmutation, his reading 
Malthus, the Sketch of 1842, the Essay 
of 1844, the receipt of Wallace’s paper, the 
hurried publication of the Origin, and the 
trials and tribulations that followed 
Ospovat retraces familiar ground in 
Darwin’s story from 1838 to 1844 and then 
fills in the last gap — the period between 
1844 and 1859 

Historians have ignored this period 
primarily because nothing much of any 
interest seems to have happened during 
these years By 1844 Darwin had already 
decided that species evolve by chance 
variation and natural selection The 
essentials of his theory were complete 
Ospovat argues to the contrary that 
Darwin made several fundamental changes 
in his theory some time in the second half of 
1856 Prior to that date, Darwin thought 
that every species 1s perfectly adapted to its 
environment, a belief that he carried over 
from natural theology He considered that 
significant amounts of variation occur only 
in response to intermittent changes in the 
environment As a result, evolution for 
Darwin at this stage in his development was 
‘“pnunctuational’’ However, in 1856 
Darwin formulated his principle of 
divergence, a principle that he thought was 
as important as that of natural selection 
According to this principle, variation exists 
within species at all times, allowing them to 
adapt to variations within their range, 
including the presence of other organisms 
By a sort of ‘‘division of labour”, species 
become subdivided into varieties, and these 
varieties are incipient species From the 
beginning Darwin believed that evolution 
1s ın some sense progressive, but only after 
1856 could he explain why the biosphere 
tended to become increasingly complex 

In 1855 A R Wallace published a paper 
on the law which regulates the introduction 
of new species, a paper that both Charles 
Lyell and Edward Blyth brought to 
Darwin’s attention Lyell urged Darwin 


David L. Hull 


The Development of Darwin’s Theory 
Natural History, Natural Theology, and 
Natural Selection, 1838-1859 By Dov 
Ospovat Pp 301 ISBN 0-521-23818-8 (Cam- 
bridge University Press 1981 ) £20, $39 50 


once again to publish Jest he be forestalled, 
and Darwin began his projected multi- 
volume Natural Selection In 1857 Darwin 
and Wallace exchanged letters on 
Wallace’s 1855 paper Then Wallace’s 
paper ‘‘On the Tendency of Varieties to 
Depart Indefinitely from the Original 
Type” (1858) arrived, not exactly hke a 
“bolt out of the blue’? What if Wallace’s 
first paper had prompted Darwin to 
publish an ‘‘abstract’’ of his views ın 1855? 
What if Wallace’s 1858 paper had not 
caused Darwin to publish the Origin? What 
if Darwin had instead doggedly persisted ın 
his original plan for his Big Book? Answers 
to such contrary-to-fact questions 1n 
history are extremely risky Even so, 
Ospovat suggests that the Origin would 
have been a very different book had 
Darwin published 1t before formulating his 
principle of divergence. Instead of making 
the principle an integral part of his theory 
as first presented, Darwin would have been 
forced to introduce it later as an 
emendation Similarly, he might have 
quietly passed on Wallace’s paper for 
publication instead of agreeing to publisha 
short piece of his own along with it If he 
had, I think that very little would have 
changed except later commentators would 
have been precluded from going on at such 
interminable length about Darwin’s 
churlish behaviour Darwin would still be 
viewed as the founder of the modern theory 
of evolution The Darwin—Wallace papers 
of 1858 caused hardly a stir, Wallace’s 
paper published alone 1s unlikely to have 
engendered more interest But what of 
intellectual justice? From this perspective, 
Wallace still loses out, but this time to 
Patrick Matthew who had anticipated both 
Darwin and Wallace as early as 1831 
Although Ospovat makes the requisite 
passing remarks about the social, political 
and religious sources of Darwin’s scientific 
views and concludes with a chapter on the 
development of Darwin’s theory as a social 
process, his book is almost entirely an 
internalist history of the very best sort 
Ospovat not only chronicles Darwin’s 
conceptual development but also presents 
plausible reconstructions of the factors 
that led him to adopt the views he did Not 
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all of these factors are narrowly 
‘scientific’ For example, the tenacity 
with which Darwin held on to his belief in 
perfect adaptation stems at least in part 
from considerations that anyone, both 
then and now, would count as theological 
Darwin was also influenced by prudential 
considerations of the sort that play a 
central role in the politics of sctence For 
example, Ospovat argues that Darwin 
understates the progressive nature of 
evolution in the Origin for fear of 
offending Lyell and Huxley But he does 
not repeat the usual facile claims about the 
direct translation of sociopolitical interests 
into the content of science 

Under normal circumstances, I would 
conclude this review by remarking that the 
appearance of The Development of 
Darwin’s Theory portends a brilliant 
career for its author Sadly, however, 
shortly after the completion of this 
manuscript, Dov Ospovat died at the age of 
thirty three O 


Davıd L Hullisa Distinguished Professor in the 
Department of Philosophy at the University of 
Wisconsin—-Milwaukee 


Red for green 
H. McAllister 


The Biological Aspects of Rare Plant 
Conservation Edited by Hugh Synge 
Pp 558 ISBN 0-471-28004-6 (Wiley 
1981 ) £30, $84 


DESPITE its title, most of this multi- 
authored book 1s very usefully devoted to 
the ways in which botanists in different 
nations work out which species and 
communities are in need of conservation in 
their own countries As a result, the diff- 
erences 1n the scale of the problem between 
the impoverished but well-known floras of 
north-western Europe, the rich, less well- 
known floras of such countries as South 
Africa, Australia and India, and the very 
rich, little-known tropical rain forest 
floras, are clearly brought out 

In north-west Europe the distribution 
and frequency of occurrence of most 
species 1s fairly well documented, so it Is 
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usually q@bvious which species are rare and 
in need of conservation The habitat 
requirements of such species are mostly 
known and several chapters deal with how 
sufficient autecological information has 
been obtained to devise successful con- 
servation programmes 
we The conservation problems of north- 
west Europe pale into insignificance in 
comparison with those of such species-rich 
areas as the Cape of Good Hope with 1,244 
threatened plant species Very few of these 
have been studied ın any detail and the two 
species discussed exemplify the difficulties 
Field work undertaken to promote their 
conservation has demonstrated the impor- 
tance of fire in stimulating germination, 
but, at least m the case of Staavia dodu, all 
attempts to germinate seed outside the 
natural field environment — including 
artificial fire — have failed, making garden 
cultivation tmpractical as a conservation 
measure The concentration of the few 
remaining populations of so many species 
in a small area poses serous management 
problems when so little is known of their 
autecology 
However, by far the most critical 
situation exists 1n the tropical ram forests 
where a fair proportion of the species are 
still undeseribed It can be rehably stated 
that if the present rate of destruction con- 
tinues, and it is likely to, many species will 
become extinct before they can be 
described There is no doubt that this is the 
vegetation type in which most extinctions 
are taking place and that this 1s a loss not 
just to biological diversity but to the 
resources of the world of value to mankind 
The four chapters in Section 2 of the book, 
“Tropical Forests — The Conservation 
Pniority’’, are an excellent statement of the 
problem and how it should be tackled The 
only sensible approach ıs to try to conserve 
areas of great species diversity and hope 
thereby to protect the maximum number of 
species Quite large areas may be required, 
as a typical tree species may have an 
average density of 1 per 5 hectares and 
be dioecious — though sometimes 
facultatively apomictic Dransfield’s paper 
describes how controlled cropping can be 
compatible with conservation 
One chapter, discussing the 
conservation of lower plants, points to the 
similarities with the situation in tropical 
rain forests — a lack of floras and lack of 
knowledge of species distributzons, most 
species not being amenable to cultivation, 
meaning that conservation in their native 
habitats 1s the only hope for their survival 
The varied topics covered make this 
work an excellent and much-needed world 
picture of the present state of plant con- 
servation, although the quality of the 
individual contributions 1s very variable 
Unfortunately the book promises a bleak 
future, both environmentally and econo- 
mically, 1f there is no improvement. O 





H McAllister is the Assistant Director of the 
Botanic Gardens, University of Liverpool 
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Slimmer tracts for gut physiologists 


G.J. Dockray 


Physiology of the Gastrointestinal Tract, 
Vols 1 and 2 Edited by Leonard R 
Johnson Pp 1,492 ISBN 0-89004-440-6 
(Raven 1981 ) Two-volume set $165 





WHEN the American Physiological Society 
devoted a section of their Handbook of 
Physiology to the gut in the late 1960s, 1t 
needed five volumes containing well over 
100 chapters to produce a comprehensive 
account of the subject After a period of 
unprecedented expansion in our 
knowledge of gut function it comes as a 
pleasant surprise to find that the present 
work consists of two volumes and less than 
half the number of chapters needed over a 
decade ago Unfortunately, the feeling of 
relief ıs tempered by the fact that this 
brevity has been partly achieved by a 
selective approach There 1s, for instance, 
relatively little attention given to the liver, 
salivary glands, comparative and 
evolutionary aspects, and control of 
nutrient intake The omissions are 
regrettable, not least because they are 
inimical to the editors’ objective of pro- 
ducing a definitive treatise 

This 1s not to say, however, that there are 
not good reasons to Justify a relatively 
economical approach in reviewing the 
present state of gastrointestinal physio- 
logy Recent advances in this field have 
dealt very largely with the elucidation of 
events at the cellular and sub-cellular 
levels The present volumes both reflect the 
recent areas of progress and illustrate how 
it 1s possible to explain fundamental 
aspects of organization im a way that 
readily reconciles fragmentary and even 
contradictory work from the past 

A seres of chapters at the start of the 
first volume, and at the end of the second, 
deals with general aspects of digestive 
physiology and related topics The major 
gut functions — secretion, motility and 
absorption — are covered in separate 
sections In each case there are contri- 
butions dealing with functional morpho- 
logy and molecular mechanisms, and these 
serve to provide a context for chapters 
dealing with the integrative aspects of each 
system The treatment works well, and in 
particular makes tt easy to see how physio- 
logical mechanisms of the gut can be 
related to the functions of other organ 
systems Indeed, ıt ıs worth noting that a 
significant part of our understanding of 
such basic cellular mechanisms as 
membrane transport and secretion have 
been derived from studies on the al- 
mentary tract and associated organs For 
this reason these two volumes will be of 
mterest and value to many whose main 
concerns le outside the gut, but who 
nevertheless wish to understand recent 
developments in gut physiology The 
gut chauvimst should not, however, feel 
neglected since there are, for example, 


chapters dealing with such singularly dig- 
estive subjects as dietary fibre and gut gas 

The contributors are nearly al! well- 
recognized authorities in their fields and 
most have taken the opportunity to 
produce a comprehensive assessment of the 
present state of their subject This, as much 
as anything, should serve to ensure the 
success and value of the work as a whole, 
since it 1s likely to be some time before such 
a strong team will again fee] tempted to 
review their topics at length and in unison 
In the present chmate of recession and 
austerity it would be surprising if there 
were many who felt inclined to buy this 
work for themselves, they need feel no 
guilt, however, about persuading their 
librarians to make theinvestment Oj 





GJ Dockray is Reader in Physiology at the 
University of Liverpool 


Cladistics clarified 
Alan J. Charig 


Phylogenetics The Theory and Practice of 
Phylogenetic Systematics By E O Wiley 

Pp 439 ISBN 0-471-05975-7 (Wiley: 
1981 ) £27 75, $49 90 





WILLI Hennig 1s rightly regarded as the 
father of phylogenetic systematics, his 
book, Phylogenetic Systematics 
(University of Ilinois Press, 1966) is the 
fundamental source of this important 
approach towards the reconstruction of 
evolutionary history and the classification 
of hving organisms It 1s therefore approp- 
riate that Wiley’s new book on this subject 
should use a photograph of Hennig as tts 
frontispiece During the last decade of 
Hennig’s hfe (he died m 1976) the school of 
thought which he had founded — now 
loosely referred to as ‘‘cladistics’’ — 
attracted an ever-increasing volume of 
attention and comment 

Within the last couple of years, however, 
the Hennigian school has sprouted the 
new, very different and even more contro- 
versial offshoot, ‘‘transformed cladistics”’ 
(‘‘natural order systematics’’ in my ter- 
minology) The works of Popper on the 
philosophy of science undoubtedly exerted 
a major influence upon this schismatic 
development during its prolonged 
gestation, but Popper himself seems to 
have rejected it subsequently Indeed, were 
Father Hennig still alive today he too 
would have rejected ıt wholeheartedly, his 
arch-opponents would have been, not 
Mayr and Simpson, but leading trans- 
formed cladists hke Nelson and Patterson 

The approach of the transformed 
cladists ıs essentially typological, they 


NE 


Nature Vol 295 25 February 1982 


maintain that there 1s a ‘natural order” in 
living things, manifesting itself in their 
aggregate similarity and not requiring to be 
interpreted as the result of evolution They 
beheve that time, evolution, genealogical 
relationships, the fossil record and the 
possibility of homoplasy have no part to 
play in systematics Thus their philosophy 
is the absolute antithesis of Hennig’s or 
Wiley’s, ın which — as 1s smplied by the 
name phylogenetic systematics — phylo- 
geny occupies a central position Nothing 
could be more misleading than the recent 
pronouncement of a transformed cladist 
that Hennigian cladistics is merely ‘‘trans- 
formed cladistics with an evolutionary 
veneer’? Contrary to general belief, the 
battle today 1s not between cladists and 
non-cladists but between transformed 
cladists on the one hand and, on the other, 
all those — be they followers of Hennig or 
of Mayr and Simpson — who maintain that 
the classification of living organisms 
should be based, wholly or at least ın con- 
siderable part, upon the phylogeny 

Wiley is unashamedly an evolutionary or 
Hennigian cladist, he does not even 
mention transformed cladistics, for the 
very good reason that he must have written 
his book just before the new development 
made its overt appearance On p 98 he 
makes bnef reference to the ideas of some 
workers, circa 1977, which foreshadowed 
the emergence of the new school, there 1s 
nothing more Thus the volume reviewed 
here, unlike so much recent publication on 
the subject of cladistics, 1s concerned solely 
with Hennigian, 1 e evolutionary or phylo- 
genetic cladistics 

Within that unavoidable l:mitation the 
book 1s first-class and might well be des- 
cribed as the evolutionary cladist’s vade- 
mecum The central part of the text 1s 
organized into five chapters — ‘‘Species 
and Speciation’’, ‘‘Supraspecific Taxa’, 
“Phylogenetic Trees’’, ‘““Characters and 
Reconstruction of Phylogenies’’ and 
“Phylogenetic Classification’’ The intro- 
duction which precedes it includes a great 
number of useful defimitions clearly ex- 
plained (although I myself do not agree 
with all of them) and discusses briefly the 
relationship of philosophy to systematics 
and the various approaches to scientific 
reasoning Of the later chapters in the 
book, the first deals critically with the other 
major systems of taxonomy, the remainder 
are concerned with biogeography, speci- 
mens and curation (even a few pages on 
field-work and a couple of paragraphs on 
computer cataloguing), characters and 
their quantitative analysis, and publication 
and the Rules of Nomenclature Bublio- 
graphy and index run to over 18 pages each, 
the former providing an invaluable entrée 
to the hterature = _ 

The whole is arranged, set out and 
written with admirable clarity in excellent 
English Compared with Hennig’s expo- 
sition, Wiley’s book 1s easy to find one’s 
way around 1n; a remarkable amount of 
information and commentary on a 





comprehensive range of subjects is skilfully 
compressed into a limited amount of space, 
yet the author still manages to illustrate and 
emphasize his points by the extensive use of 
practical examples Typographical errors 
are few The book, nevertheless, 1s not 
without its faults Thus the important 
aspect of cladistic analysis which everyone 
else (as far as I know) refers to as 
‘‘nolarity’’ ıs never called by that name and 
it took me a long time to track it down 
under the heading ‘‘Auxillary criteria of 
phylogenetic apomorphy’’ Certain 
sections of the book with a mathematical 
flavour (for example those on Wagner 
algorithms and quantitative character 
analysis) were virtually incomprehensible 
to me, but that surely reflects my own 1n- 
numeracy rather than any failing on the 
part of the author 

One of the most refreshing aspects of the 
book is that Wiley, although obviously a 
committed evolutionary cladist himself, 
does not assume the quasi-evangelical 
attitude so often adopted by his fellow 
cladists (Just for the record, I myself ama 
firm believer in the rigour of a cladistic 
approach to phylogeny reconstruction but 
am strongly opposed to a purely cladistic 
classification ) Further, even more than the 
many other cladists who show heaithy 
divergences of opinion on various points of 
doctrine, Wiley 1s no slavish follower of the 
majority, he shows a sturdy independence 


of thought, sometimes going so far as to , 


recant on earlier statements of his own 
Thus, unusually, he now accepts not only 
the postulation of ancestral species but also 
the possibility of occasionally recognizing 
them and of testing their hypothesized 
relationships 

I could make dozens of comments on 
this book, many of them highly favour- 
able, but here are three of the other sort 
First, perhaps because I am a palacon- 
tologist, I deplore Wiley’s uncompro- 
musing rejection of phyletic speciation into 
palaeospecies (allochronous speciation) 
and his consequent acceptance of each 
entire lineage as one species, Irrespective of 
the amount of anagenetic change {J note 
with pleasure, however, that Wiley — 
unlike Hennig — does not insist that the 
next dichotomy must inevitably terminate 
the species ) Secondly, I think 1t a great pity 
that he missed this opportunity to sort out 
the fearful confusion regarding the terms 
monophyly, polyphyly, holophyly and 
paraphyly once and for all — ıt ıs really so 
simple And thirdly, I disagree with him 
profoundly on the alleged weaknesses 
of ‘‘evolutionary’’ (1e Simpsonian) 
taxonomy 

Notwithstanding such comments, I still 
feel that 1f a systematist were to be allowed 
only one work of reference on his desert 
island, he could not do better than choose 
Wiley’s Phylogenetics 0 





Alan Chartg is Chief Curator of Fossil 
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The Basel network 
J.H. Humphrey 


The Immune System, Vols 1 and 2 Edited 
byC M Steinberg and! Lefkovits Vol 1 
Past and Future, pp 440, ISBN 
3-8055-3407-8, Vol 2 The Present, 
pp 472, ISBN 3-8055-3408-6 (Karger ` 
1981 ) Vol 1 DM 297, SwFr 248, $148 50, 
Vol 2 DM 32], SwFr 268, $160 50 


THESE two volumes comprise 125 essays 
written as a Festschrift for Niels Kai Jerne 
They are a tribute not only to his seventieth 
birthday but also to his directorship of the 
Basel Institute of Immunology during its 
first ten years The essays range from philo- 
sophical consideration of neurological 
processes and of art, through critical 
examinations of various current and earlier 
immunological hypotheses, to summaries 
of new experimental findings, mainly 
discussed ın relation to their bearing on 
Jerne’s own theories Some are written by 
old friends and colleagues from his days in 
Copenhagen, Pasadena, Geneva, 
Pittsburgh and Freiburg, before he came to 
Basel, but the great majority are by 
colleagues who were members, students, 
visitors or even advisers at the Basel 
Institute 

The attraction of working at Basel was 
very great, since Jerne’s policy was to have 
only a small core of permanent members 
but a much larger number of able, mostly 
young immunologists from all over the 
world for anything from sıx months to five 
years He had a flair for choosing persons 
with talent who would return to work in 
lively departments elsewhere, and thus the 
list of contributors to the books reads 
rather hke a selection from an ymmuno- 
logical Who’s Who Most of them 
evidently felt challenged to write some- 
thing original which would amuse or 
interest Jerne himself as well as any 
potential readership 

The outcome 18 as much as anything a 
view of the immune system as seen from 
Basel Here the focus has been on the basic 
problems of how the immune system 
recogmes self from not-self, and how 
there arises the immense variety of 
different antibodies and receptors on 
T-lymphocytes which a frog or a mouse or 
ahuman bemg can make This has involved 
study of ihe structure of monoclonal antı- 
bodies (initially from myelomas but later 
from hybridomas also) and of the 
mechanisms of their assembly and 
secretion, development of greatly 
improved culture methods, which made ıt 
possible to measure the number of lympho- 
cytes able to respond to any given antigen, 
or to make immunoglobulin (Ig) in 
response to polyclonal mitogens, and, 
when cloning of DNA and DNA sequence 
studies became possible, comparison of the 
genes controlling the synthesis of specific 
antibodies with each other and with 
corresponding genes ın the fetus, which led 
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in Basel and elsewhere to the recognition of 
three Separate genes controlling the 
variable region of Ig Since simular studies 
on the receptors of T-lymphocytes are 
frustrated by the difficulty of identifying, 
let alone purifying T-cell receptors, the 
variety of T-cells had to be approached by 
functional assays in vitro (mainly the 
generation of cytotoxic cells but also of 
helper and suppressor cells} using the 
improved culture methods developed in 
Basel to permit enumeration of single cells 
by limiting dilution assays Faith and hope 
are now being pinned on T-cell clones, with 
recognizable specificities, as a source of 
receptors which can be isolated and 
sequenced, with the aim of eventually 
identifying the genes controlling them and 
so discovering their relationship to the 
genes controlling Ig and the Ir region of the 
major histocompatibility complex 

When, in 1974, Niels Jerne put forward 
the network hypothesis (which states that 
for every specific antibody or T-cell 
receptor which has a distinct combining 
site (idiotype), the immune system 1s likely 
to contain cells able to recognize that 
idiotype and, in principle, to respond by 
making more antı-ıdıotype — which in turn 
can stimulate cells making anti-anti-1dio- 
type etc, and so establish an infimte 
network of interactions), some of his 
colleagues put it to the test. They found 
that ın the special circumstance when mice 
respond to a bacterial antigen by making 
antibodies with predominantly a single 
idiotype, specific anti-idiotype antibodies 
could either stimulate or suppress antibody 
formation against the original antigen The 
network hypothesis was thus shown to 
have at least one real mesh, subsequent 
work on idiotypes has established several 
more, and a fair amount of the work going 
on in Basel (and of the more speculative 
essays in these volumes) ıs orientated 
towards the network hypothesis However 
since the Institute has a horizontal 
structure, 1n the sense thaf ın principle no 
scientist can tell any other scientist what to 
do, aspects of immunology which pro- 
foundly affect the practical outcome of 
antigenic stimulation — such as 
lymphocyte recirculation and the role of 
macrophages — are also studied there, 
even though Jerne thought them irrelevant 
to the basic questions which he hoped to see 
answered 

The volumes contain essays on all of 
these subjects, and even some rather good 
ones on non-specific factors, such as 





The second volume of Elsevier’s Diction- 
ary of Botany, edited by Paul Macura, has 
recently been published by Elsevier 
Scientific (For review‘ of Vol I, Plant 
Names, see Nature 284, 382, 1980) 
Volume II, General Terms, contains some 
10,000 entries of English, French and 
German terms used in botany and 
associated disciplines, and includes 
French, German and two Russian indexes, 
one numerical and the other alphabetical 

The book costs Dfl 260, $110 75 












complement, by scientific advisers who 
reckoned that Jerne should recognize that 
they also are important The more specu- 
lative essays, with few or even no 
references, are included ın the first volume 
and the harder science ın the second 

It may reasonably be asked what a collec- 
tion of this nature has to offer to persons 
outside the charmed circle of Jerne’s 
associates Since the contributors felt 
challenged to write something original, and 
since free speculation was encouraged and 
the personalities of the authors show 
through in their writing, the collection 
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provides enough stimulation to satisfy any 
reasonably knowledgeable immunologist 

It would take a keen seeker after enlighten- 
ment to read through all of the 900 odd 
pages, but since the editors have grouped 
the essays under subject headings, selective 
browsing 1s quite possible I would expect 
to recognize the striking dust jacket (by 
Jean Tinguely) on train and aeroplane 
Journeys, and even at the bedside O 





J H Humphrey is a Professor in the 
Department of Medicine at the Royal Post- 
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London 
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THE study of strongly interacting particles 
(protons, neutrons, pions etc ) and the 
forces between them ts no longer frontier 
physics We have passed beyond and down 
to the next layer It has become established 
beyond any reasonable doubt that these so- 
called particles are not elementary at all, 
but composites of more fundamental 
constituents The main effort in high- 
energy physics is now directed towards 
studying these constituents and the forces 
between them A vast amount of 
experimental information 1s all consistent 
with a theoretical framework describing 
these constituents as fractionally charged 
quarks and antiquarks which bind together 
by exchanging electrically neutral gluons 
These entities seem to be at the same level 
of elementarity as electrons, muons, 
neutrinos and photons, yet the latter are 
freely observed unlike quarks and gluons 
One can do an experiment (for example 
scatter a high-energy muon through a 
known large angle on a proton) which 
should produce a quark with a known 
energy and direction No quark 1s seen, 
always a shower of normal composite par- 
ticles (hadrons) such as pions, kaons and so 
on Try harder by increasing, to the limit of 
present accelerators, the energy of the 
muon or the angle of scatter, and the 
showers become morecollimated They are 
known as jets of hadrons 

Our theoretical outlook has changed so 
much and the amount of experimental 
information has grown so rapidly in recent 
years that Hofmann’s review of the field ts 
extremely welcome To illustrate this rapid 
development most of the 400 papers ın the 
reference list have been published ın the 
past four years In such a situation the 
author must of course take the risk that the 
book becomes quickly dated If it does, I 
suspect that ıt will be due to the availability 
of more (and more precise) experimental 
data rather than to the concepts and the 


formalism becoming outdated 

The book “is intended to give an intro- 
ductory review to the phenomenon of jets 
in hadronic final states >, and the 
author succeeds admirably ın fulfilling this 
intention Starting from the simplest 
situation of e*e- annihilation (where the 
massive virtual photon produced by the 
annihilation transforms to a qq-pair, 
which in turn materializes as two jets), he 
leads the reader through jets in parton 
models and their development as 
quantum chromodynamics (the theory of 
quark--gluon forces) to the more 
complicated processes of hadron-hadron 
collisions A chapter on the old 
“uncorrelated jet model’ and one on 
“soft?” hadronic collisions are useful 
reminders of the importance of phase space 
effects and four momentum conservation, 
and also that while theory has a long way to 
go in describing the most common 
collisions there 1s encouraging progress ın 
that direction 

It ıs a pity that the author was not 
prepared to address the question of future 
developments Now that proton—anti- 
preton collisions are being studied at 
CERN at energies nearly ten times higher 
than previously available at the ISR, and 
that LEP has received approval to study 
high-energy electron—positron collisions, a 
discussion of expectations for future 
experiments would have been a useful 
addition Nonetheless, this review ıs 
sufficiently detailed and complete that 
theorists working m the field will find it a 
valuable guide to the existing experimental 
data, and experimentalists will appreciate 
the exposition of the theoretical ideas It1s, 
however, written at a level such that 
graduate students in high-energy physics 
should not find it too heavy-going, and ıt 
will familiarize them with what may well 
remain a major topic in the subject over the 
next decade O 
ee a a ee ee ee a 
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For fifteen years Jonathan Kingdon studied and portrayed the wildlife of Kenya, Uganda and Tanzania Since 1971 his 
work has been published in a senes that has gamed intemational acclaim as one of the most remarkable 
zoogeographical studies of our tıme, — East African Mammals In successive volumes the primates, small mammals, 
and latterly large mammals, have been subjected to the exhaustive scrutiny of a dedicated observer Details of 
behaviour and anatomy undetected by the camera have been captured in exquisite and vital ine drawings and 
sketches A wealth of nformaton on physiology, distribution, social systems, habitat, ecology and evolution has been 
encapsulated in a penetrating and commanding text Taken individually, the volumes of East African Mammals 
provide the most comprehensive guides available for their particular subjects taken together they make upa treatise 
of immeasurable value, which 1s now complete witha two-part volume on the bovids 
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